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Abstract

We present a gravity model that accounts for multilateral resistance, firm heterogeneity
and country-selection into trade, while accommodating asymmetries in trade flows. A new
equation for the proportion of exporting firms takes a gravity form, such that the extensive
margin is also affected by multilateral resistance. We develop Taylor approximated multi-
lateral resistance terms with which to capture the comparative static effects of changes in
trade costs. For isolated bilateral changes in trade frictions, multilateral resistance effects
are small for most countries. But if all countries reduce their trade frictions, the impact of
multilateral resistance is so strong that bilateral trade falls in most cases, despite the larger
trade elasticities implied by firm heterogeneity. As a consequence, the world-wide trade

response, though positive, is much lower.
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1 Introduction

What is the impact of changes in trade frictions on trade flows? This paper sheds light on
this issue by developing and estimating a gravity model that emphasizes two important forces:
firm heterogeneity and multilateral resistance. This framework shows that comparative sta-
tics obtained under most existing gravity models are significantly misleading. Omitting firm
heterogeneity misrepresents bilateral trade elasticities, whereas omitting multilateral resistance
overstates bilateral trade elasticities. The two forces will interact differently depending on
whether trade cost changes are bilateral or multilateral in nature and will significantly affect
the likely response of aggregate trade flows to declining trade barriers.

Our framework places Helpman, Melitz & Rubinstein (2008) gravity model, which incorpo-
rates firm heterogeneity and allows trade responses to occur through firm entry/exit as well as
firm-level export volumes, in an Anderson & van Wincoop (2003) general equilibrium setting.
This setting allows us to account for multilateral resistance — or the importance of relative
trade costs in determining trade flows. We demonstrate how multilateral resistance (‘MR’)
works through both the intensive and extensive margins of trade and how the margins affect
MR. We do this by adapting Baier & Bergstrand’s (2009) method for approximating the ef-
fects of MR to the heterogeneous firms setting. Using this framework, this paper makes three
contributions.

First, we analyze the case of two countries changing their bilateral trade costs. We find that
firm heterogeneity will tend to raise trade elasticities, while MR effects are typically small for
most country pairs. Firm heterogeneity together with fixed costs of exporting imply the presence
of an extensive margin of trade that amplifies country-level trade responses above those found
in standard models. MR works against this but the effects are muted. So, for practical empirical
purposes, we find that ignoring MR is relatively innocuous for the majority of country pairs
when only two countries change their trade costs. Furthermore, bilateral liberalizations will
tend to generate smaller trade responses for larger countries because both the amplification
effect of liberalization at the extensive margin will be smaller and dampening effect due to MR
will be larger as country size grows.

Second, we turn to multilateral changes in trade costs by analyzing the case where all
countries reduce their international trade frictions. Just as for bilateral trade cost reductions, the

extensive margin raises trade elasticities, but now the effects of MR are much more important.



Because multilateral liberalizations imply small changes in relative trade costs for any given
country pair, trade elasticities net of MR are much smaller. Surprisingly, we show analytically
that bilateral elasticities can become negative and empirically that this is true for most country
pairs. That is, multilateral trade liberalization will tend to redirect output across destinations,
reducing exports to some locations but increasing trade with others. The pattern of responses
is such that trade between smaller countries tends to become redirected to larger importers.
The reason is that, while bilateral trade becomes more attractive, actual trade flows depend on
the costs incurred in this trade relative to other destinations. Because bigger importers are less
affected by MR, multilateral changes imply many changes in relative prices that tend to favour
exporting to larger importers over smaller importers.

Third, we study the response of world trade to multilateral changes in trade costs by ag-
gregating the bilateral elasticities that properly capture the general equilibrium effects of MR.
Our main finding here is that the dampening effect of MR dominates the amplification gener-
ated at the extensive margin. The elasticity net of general equilibrium considerations is around
one third of the size of the aggregate trade elasticity that ignores relative price effects and less
than 40% of those implied by standard models. In our simulations country entry makes no
contribution to the increase in world trade and the contribution of firm entry is modest.

Section 2 develops a new gravity model that captures the features of two recent papers
in the international trade literature. In the first paper, Anderson and van Wincoop (‘AvW?),
solve the so-called ‘border puzzle’ — the implausibly large negative effect of the US-Canadian
border on trade between US states and Canadian provinces highlighted by McCallum (1995).
AvW do this by showing that traditional gravity equations capture the impact of only bilateral
trade costs on trade flows but ignore the fact that regions operate in a multilateral world. As a
result, traditional estimates fail to control for theoretically motivated price index terms, which
aggregate both domestic and international trade costs, and therefore capture MR. AvW show
that bilateral trade flows depend on bilateral trade costs relative to MR. Failing to account for
MR typically leads one to overstate the importance of changes in trade barriers on bilateral
trade flows.

The second paper on which we draw is Helpman, Melitz and Rubinstein (2008) (‘HMR’).
Heterogeneous firm productivity within a country means not all firms are productive enough to

cover the fixed costs of exporting.! If fixed costs are high enough, no firms in a given country

'See Bernard, Jensen, Redding & Schott (2007) for an overview of firms in international trade.



may find it profitable to export to a given destination. Hence in the presence of fixed costs of
trade, ‘zeros’ naturally arise in the trade data — a country selection effect.? In HMR’s data,
which we also use, the proportion of countries that do not trade with each other or trade in
only one direction is around half of all observations.

HMR explore a further implication. With heterogeneous firm productivity and fixed costs
of trade, a fall in variable trade costs makes exporting firms export more, but also induces new
firms to export. These two effects are referred to as the intensive and the extensive margins
respectively. HMR argue that failure to account for firm heterogeneity causes standard gravity
estimation to conflate the impact of trade costs on these two margins by ignoring this firm
selection effect.

In section 3, we study theoretical comparative statics in a special case of our hybrid AvW-
HMR gravity model — a frictionless initial equilibrium, as studied in AvW — which helps us
to illustrate the mechanisms at work in the empirical comparative statics we subsequently
compute. Here we show that comparative statics will in general comprise three terms: an
intensive margin capturing the firm-level response to trade cost changes, an extensive margin
capturing the effects of firm entry, and an adjustment term that captures the effects of MR.
We show that changes in trade flows at the extensive margin are also dampened by MR in a
general equilibrium setting. These comparative statics are useful for building intuition but are
inappropriate for empirical implementation. In particular, the frictionless initial equilibrium is
unrealistic, and importantly it abstracts from zeros and asymmetries in the trade data that are
known to be important empirically.

Hence in section 4 we develop a Taylor approximation for capturing comparative static MR
effects. We centre the approximation at an initial equilibrium with positive, asymmetric trade
frictions, which adapts Baier and Bergstrand’s (2009) approach to a setting that includes firm
heterogeneity. Compared to AvW, Baier and Bergstrand (‘BB’) show that the approximation
error is small for the vast majority of country-pairs and we believe the approach has a number
of advantages over computational methods. First, it preserves the possibility of analyzing
bilaterally asymmetric trade costs. While AvW’s approach provides an exact solution in the
system they consider, it does so under the assumption of bilaterally symmetric trade costs.

Bergstrand, Egger and Larch (2007) show that BB’s flexible method can be superior to a

2High fixed costs of exporting from country j to country i do not imply that the absence of trade in the
opposite direction, from i to j. These asymmetric trade flows are also a salient feature of the data that can be
accommodated by modeling firm heterogeneity.



computational approach that assumes bilateral symmetry in trade costs despite the empirical
presence of asymmetric trade costs and firm heterogeneity. Following HMR, we want to preserve
asymmetric trade costs as a way of explaining the asymmetric trade flows one observes in the
data. Second, this method does not require an estimate of the elasticity of substitution between
product varieties, which has a large effect on comparative static outcomes (Bergstrand, Egger
and Larch, 2011). Third, BB’s approach is useful for gaining intuition about the effects at
work when trade costs change. We show in a heterogeneous firms setting that multilateral
resistance can be represented by three terms that are linear in trade costs, capturing world
trade resistance, importer MR, and exporter MR. Having an analytically tractable expression
makes the mechanics behind the comparative statics exercises transparent. Following this, our
main message is that to employ a first order adjustment for MR is better than applying no
adjustment at all.

This message complements recent work by Egger, Larch, Staub & Winkelmann (2011), who
demonstrate biases that arise from neglecting the general equilibrium impact of changes in
trade costs in the context of multiple Preferential Trade Agreements (PTAs). In that study,
estimation addresses the issues of endogeneity, country selection® and MR, only the last of
which is accounted for in comparative statics. MR comparative static effects of PTAs are
analyzed using the Taylor method in Behar & Cirera-i Criville (2011), but without taking firm
heterogeneity into account. In contrast, comparative statics in our study explicitly account
for firm heterogeneity, general equilibrium and the interactions between the two. Both these
features are considered by Behar, Manners & Nelson (2011) in their investigation of logistics
quality and exports.

After replicating the estimation exercise in HMR*, we isolate the effects of firm heterogeneity
in the absence of MR. Thereafter, we implement our Taylor approximation empirically by
studying in turn bilateral trade cost reductions, multilateral trade cost reductions, and the
effect on aggregate world trade elasticities of multilateral trade cost reductions, accounting for
both MR and firm heterogeneity. Hence section 4 contains our core analytical and empirical

results. Section 5 concludes.

3The authors consider regressions that aim to control for firm heterogeneity using a related approach to HMR.
YHMR’s method for accounting for the effects of firm heterogeneity uses a two-step regression procedure, which
generates controls for country selection and the proportion of firms trading.



2 The model

The basis of our study is the gravity model proposed by Anderson and van Wincoop (‘AvW’,
2003) and extended by Helpman, Melitz and Rubinstein (‘HMR’, 2008) to include firm hetero-
geneity. The environment is one in which CES consumers within a set of endowment economies
demand differentiated products produced by monopolistically competitive firms that differ ac-
cording to their unit costs. The crucial feature of the HMR gravity set up is the presence of
fixed costs of exporting. This generates selection into exporting by the lowest cost firms only.
In some cases, trade costs can be so high that no firms in a given country export to a particular
destination. This generates both firm selection and country selection into trade and the latter
explains the presence of ‘zeros’ in bilateral trade data.

For brevity, we do not repeat the derivation of HMR’s gravity equation here. We begin
where HMR left off. Their gravity equation relates imports by country ¢ from N; firms in
country j to variable ‘iceberg’ trade costs ¢;;, the fixed total output of the importer Y;, an index
of inward multilateral resistance in the importer P;, and a selection term V;; which measures

the proportion of firms in j that actively export to country i:
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(cf. HMR equation (6)). In this equation, o denotes the elasticity of substitution between
varieties, « = 1 — (1/0) and ¢; captures unit labour costs in exporter j.> We follow AvW in
solving for the endogenous unit costs by closing the model through assuming trade balance for
each country. This says that the total output of each exporter must equal the sum of imports
across all importing destinations, Y; = Zz‘elj M;;, where set I; denotes the set of countries

that import from country j. Using trade balance, HMR’s gravity equation is:
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Thus solving for unit factor costs and substituting back into the gravity equation yields®
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°In AvW, the equivalent term is their ‘small p’.
%A full derivation is given in the technical appendix to this paper.



in which the indices of inward multilateral resistance P; and outward multilateral resistance ]3j

are defined respectively by
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Some explanation of notation is in order. We define Yi = Zz‘elj Y; as the total output of all
importers from country j. It differs from AvW’s notation only to the extent that fixed costs
of exporting mean that country j firms will not export to all destinations. Using this notation,
we similarly define sfj =Y;/Y'i, such that silj is the output share of country ¢ as a fraction of
the total output of all countries that import from j, I;. We define the set J; analogously — as
the set of all exporters to country 7. Following our convention, we then define sj" =Y;/ Y7i as
the output of country j as a share of the total output of all exporters to country 4, J;. Variable
trade costs are weakly greater than unity between countries (¢;; > 1 for ¢ # j) but are exactly
unity for trade within countries (¢;; = 1 for ¢ = j). We do not require that variable trade costs
are bilaterally symmetric, which is important for capturing asymmetric trade flow patterns.
Finally, the selection term V;; would reduce to a constant in the absence of fixed costs of trade.
In the presence of fixed costs, variation in the extensive margin of trade will contribute directly
to variation in aggregate bilateral trade flows M;; and indirectly because the MR terms are also
a function of the extensive margin.

How is the extensive margin of trade determined? In HMR/’s set up, there exists a unit cost
level above which firms in j find it too costly to export to i, which we denote by a;;. Imposing

general equilibrium closure as we do allows us to write this cost cut-off as a function of outputs,

trade costs, and MR terms. Interestingly, it takes a gravity-like form, namely:
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where f;; are the fixed costs of exporting from country j to country i. Hence a consequence

of requiring general equilibrium closure is that the extensive margin can be expressed in a
convenient form akin to equation (1) for bilateral exports. Intuitively, higher fixed costs of

trade reduce the cost cut-off, so fewer firms in j export to ¢. In addition, the cost level above



which firms in j cannot export to ¢ rises as the product of the two countries’ outputs rises, as
bilateral trade costs fall, or as MR rises. The fact that MR enters equation (4) just as it does for
equation (1) highlights the fact that valid comparative statics on the extensive margin require
accounting for general equilibrium effects, just as AvW emphasize for valid comparative statics
at the aggregate level.

Following HMR, if firm unit costs a are Pareto distributed with shape parameter k on the

interval a € [ar,an], then the extensive margin selection term Vj; entering equation (1) can be

V;; = max {k [(Z’Z)km - 1] ,0} , (5)

where k = k/(a% — a¥). HMR relate the cost cut-off a;; to a latent variable Z;;, which is the

written

ratio of the variable profits of the lowest cost firm ay, in j to the fixed costs of exporting. It is

related to the cost cut-off according to

Zi = <L> (6)

In our general equilibrium setting, this latent variable is in turn related to MR through equation

(4). In particular, we can write

7 (PB), 7y = L0
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In turn, this allows us to write the selection term in (5) as

_ [~ ~\ 0(o—1)
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where § = (k — o + 1)/(c — 1). Equations (1) and (7) then make clear that the comparative
static effects of trade costs will operate through three channels. First, changes in variable trade
costs will affect bilateral trade through the intensive margin, captured by the ¢;; term in (1).
Second, to the extent that changes in trade costs also affect the cost of trading with alternative
export destinations, the multilateral resistances in (1) will change, tending to oppose the direct
effects of changes in trade costs through ¢;;. Third, changes in variable trade costs will also
affect the extensive margin of trade through V;;. This final effect is also subject to competing

forces. It comprises both direct effects of changes in trade costs through the ¢;; term in the



numerator of equation (4), which by (6) will affect the extensive margin in (7), together with
indirect effects through the MR terms that enter (4). As in the aggregate trade flow equation
(1), the MR effects operating through the extensive margin will tend to oppose the direct effects
of trade costs through the extensive margin, providing some dampening effect. Overall, then,

valid comparative statics must account for these two sources of effects of MR on trade flows.

3 Comparative statics in a frictionless world

The main contribution of this study is to examine the comparative static effects of trade cost
changes in the environment described above. Before we turn to the empirical implementation, we
begin with a simplified case to build intuition. The thought experiment we perform is identical
to one considered by AvW in their framework, which abstracts from firm heterogeneity. To
draw a comparison with their results, consider a frictionless world in which variable trade costs
t;j = 1 for all 4, j and in which all countries trade such that I; = J;. The support of a is such
that all firms in country ¢ export and that V;; = 1 for all 4, j at the initial equilibrium. In this
world, importer and exporter multilateral resistances are symmetric and equal to unity, as in

AvW’s example. Using equations (4) and (5) in the equilibrium we describe, a change in trade

dVi; dP;  dP;
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costs implies

dt;;

where ¢ = §(1 + k). This illustrates the dependence of the extensive margin effect on the
elasticity of substitution o, the parameters governing firm heterogeneity captured in ¢, and the
net effect of MR. In particular, a rise in variable trade costs will reduce the extensive margin of
exporting firms by a factor equal to one minus the effect of changes in MR, 1—dP;/dt;; —dﬁj /dtij;
times the (adjusted) elasticity of substitution between varieties, o — 1; and mediated by a factor
o, which captures the extent of heterogeneity across firms. Thus, when we examine the role
of the extensive margin in aggregate level comparative statics, we should observe terms net of
MR effects, mediated by the extent of firm heterogeneity, and proportional to the elasticity of
substitution.

Using (8) in (1), a general expression for the effect of a change in trade costs on trade flows

evaluated at the initial frictionless equilibrium is then given by:
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which we can use to understand the components of trade flow comparative statics. Just as
the expression for comparative statics at the extensive margin in (8), equation (9) shows that
comparative statics on overall trade flows between exporter j and importer ¢ will comprise an
intensive margin captured by o — 1, some amplification due to firm exit at the extensive margin
due to the factor 1 4+ ¢ > 1, together with some dampening due to multilateral resistance 1 —
dP;/dt;; — d]3j /dtij. The last effect captures the general equilibrium repercussions of changes in
trade frictions on average importer resistance and average exporter resistance. On the importer
side, trade flows are dampened to the extent that cheaper varieties may now be available from
elsewhere (i.e. from exporters other than j), while on the exporter side, dampening may occur
because alternative export destinations may now be relatively more attractive (i.e. importers
other than 7).

We can gain further insight by continuing to explore the MR adjustment term. Using
equation (8), we totally differentiate the system of price indices given by (2) and (3) with

respect to variable trade costs. Evaluating at the frictionless equilibrium yields:

o
v
I
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Combining these two expressions results in the total differential of the MR terms:

dP; + d]gj = — Z Z sispdtin + Z sydty; + Z spdt;p. (12)
l h l h

This equation summarizes the behavior of endogenously determined MR to exogenous changes
in trade costs. It says that a rise in average trade costs across all import and export destinations
tends to raise MR, stimulating bilateral trade between i and j (second and third terms), but
that the average world trade resistance has also risen, tending to reduce bilateral trade (first
term).

Consider first bilateral changes in trade costs. For a bilateral change, let dt;, = dty; = dt

"While we emphasise the general equilibrium effect as operating through ﬁj, this exporter MR term may be
thought of as capturing effects through factor costs, which are endogenous. In particular, a fall in P; corresponds
to a rise in ¢;. See the expression above equation (1) which we used to solve for and eliminate c¢;.
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for I,h =1, j, or else let dt;, = 0. Then using (9), GDP-weighted exports change according to

% (ijyy> — (1) (14 @) (14258 — 51— 55). (13)

Note that firm heterogeneity provides an amplification factor through the term (1 + ¢) when
trade costs change, tending to raise the elasticity of trade with respect to trade costs relative
to AvW’s homogeneous firms case. We can also see from this expression that, whenever s; <
1/2, larger countries experience smaller trade elasticities under bilateral change in trade costs.
Moreover, the effects of MR will typically be small under bilateral changes in trade costs, as
the term 1 + 2s;5; — s; — s; will typically be close to unity. Intuitively, since only one set of
trade costs changes under bilateral liberalization, relative price changes are captured fairly well
by absolute price changes, such that only a small adjustment due to MR is required.

Consider next the effect of a multilateral change in trade costs, as in AvW, such that
dti; = dt > 0 for all i # j, and dt;; = 0 for all i. Using equation (9) and our expressions for the

total differentials in (8) and (12), GDP-weighted exports change according to

% <M”Yffyl> =—(c—1)(1+ ) <—Zs% + 55 +si> . (14)

l

This corresponds precisely to AvW’s system (see their equation (15)), with the addition of a term
reflecting firm heterogeneity, ¢. Compared to their model, the firm heterogeneity term means
the trade elasticity will be larger by a factor 14+¢ > 1. But as in AvW’s model, it is the case that
MR dampens the effects of multilateral trade cost changes, and by more for smaller countries.
As such, larger countries experience larger trade elasticities under multilateral changes in trade
costs. The sign of the net effect of a trade liberalization in exports is ambiguous in this world,
and the source of this ambiguity is the effect of MR through the term — >, s? + s; + s;. Small
country pairs (for which s;+s; is small) may well have negative bilateral elasticities. In principle,
firm heterogeneity will magnify the impact of any negative elasticities arising from MR.

The analysis around the frictionless equilibrium has introduced the intuition for our main
results. Firm heterogeneity introduces an additional factor ¢ > 0 into trade elasticities. For
bilateral changes in trade costs, MR effects could be minor but, for multilateral changes, MR
effects could be sufficiently strong to make some trade elasticities negative.

We want to measure these effects, but the problem with implementing these theoretical

expressions empirically is that the world is obviously far from frictionless. To the contrary, trade
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costs are significant (Anderson & van Wincoop 2004). Moreover, although the expressions above
incorporate firm heterogeneity, we lose an important dimension of variation across countries
because the ¢ term has no country-pair subscript. Finally, the expressions above do not allow
the zeros in trade flows to play a role in determining likely trade responses. As is clear from
(2) and (3), zeros in the trade data imply that the indices of MR should be adjusted to account
for the sets of active traders. Concretely, this means that the output shares captured by the s;
terms in the expressions above should be computed with respect to the sets of countries with
which exporters actually trade when trade elasticities are generated, rather than all countries

in the world.

4 Empirical comparative statics

For estimation purposes, the methodology developed in HMR deals with firm heterogeneity
and country fixed effects control for importer and exporter multilateral resistance.® We repli-
cate HMR’s approach to estimation. For comparative statics however, we adapt Baier and
Bergstrand’s (‘BB’, 2009) method for approximating MR effects to a heterogeneous firms set-
ting. In an homogeneous firms setting, BB accomplish this by taking a Taylor approximation
for the non-linear MR terms around a world of symmetric but positive trade frictions. Their
method allows us to expunge the endogenous components from the right hand side of the MR
terms, such that approximate comparative statics are straightforward to implement.

AvW use a computational procedure to solve for MR explicitly and to compute comparative
statics. Despite awareness of this procedure and the first order consequences of MR, the com-
putational approach of AvW has not been widely adopted.? This is largely due to the difficulty
in implementation, which requires a customized program. Our application would be especially
complex because the system we study includes asymmetric bilateral trade costs, firm selection,
and different sets of active traders for different trading country pairs. Like BB, our primary

motive is to present an approach to computing comparative statics that has low barriers to im-

8The use of exporter and importer fixed effects in estimation is acknowledged by AvW, Baier & Bergstrand
(2009) and Feenstra (2004) to be the most reliable estimation method in this context.

9There are isolated contributions but these are still somewhat limited in country coverage — for example
modeling US and Canadian regions together with a limited set of additional countries or an aggregate for the
rest of the world. Such studies typically conduct counterfactuals on binary variable like borders or free trade
agreements (AvW; Anderson & Yotov (2010); Anderson & Yotov (2011)). To our knowledge, the most ambitious
exercise is that of Egger et al. (2011), who on 128 countries allow for MR, entry and endogenous free trade
agreements in estimation and account for MR in comparative statics. However, the comparative statics extensive
margin is not explicitly dealt with, nor is its interaction with MR.
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plementation in empirical gravity work. It successfully corrects for the first order inaccuracies
associated with the general equilibrium effects of trade cost changes. Baier & Bergstrand (2009)
show that their approximation is good for the majority of region pairs that they consider. In
particular, comparative statics of economic integration based on the Taylor method are within
10% of the AvW approach for 83% of their pairs.!?

Moreover, the method allows us to get closer to reality by dropping the assumption of sym-
metric bilateral trade costs, which AvW use in implementing their approach. The ability to
account for asymmetric bilateral trade costs is a major advantage in accounting for asymmet-
ric trade flows, which are a central characteristic of the data (HMR). Simulation analysis in
Bergstrand, Egger & Larch (2007) concludes that the Taylor method performs better than the
AvW approach when asymmetries are relevant, and is particularly important in a world of
firm heterogeneity. Further, the approach does not require us to assume particular values for
structural parameters like the elasticity of substitution, o. Bergstrand, Egger & Larch (2011)
show that comparative statics are very sensitive to the choice of this elasticity parameter and
that the AvW approach is inaccurate when the assumed elasticity is different from the actual
elasticity.!! A final advantage of the BB method is its intuitive appeal. This, combined with the
frictionless case just considered, allows us to be clearer about the mechanisms that lie behind
the comparative statics we produce.

To apply BB’s method to the case of firm heterogeneity, we make the following assumption
for the purposes of comparative statics:'2

Decomposability: The extensive margin terms V;; entering the indices of multilateral
6(c—1)

resistance {P;, ﬁj} are approxvimately Vi; ~ ij (Pl]/-_;]) A3

Using this, a Taylor expansion of importer and exporter multilateral resistances yields a

0 They also estimate the parameters using OLS, so the approach to comparative statics would presumably
perform even better when using fixed effects in estimation.

""Hertel, Hummels, Ivanic & Keeney (2007) discuss the wide range of o estimates and the sensitivity of general
equilibirum comparative statics to the value of o.

12The assumption is not required for the purposes of estimation, so HMR’s empirical procedure is not affected.

S HMR make a similar assumption in their Appendix II. They do so for Vi; in the main gravity equation while
we do so only in the price index terms. Furthermore, they assume that the ij component of Vj; is symmetric.

~\1—0 —~
Their assumption is that Vj; = (¢¢j¢¢¢j) , in which ¢,; = ¢;;, while ¢, and ¢; are importer and exporter

specific effects. The assumption that ¢,; = ¢;; precludes asymmetric trade flows, and for that reason is rejected
by the authors. By contrast, we do not impose such symmetry. In particular, we allow for ¢,;; # ¢;; around our

centre. In our case, this implies it is possible that Zi; # Zji.
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tractable expression for trade resistance that comprises three terms (see appendix):

World Trade Resistance

N

(0+1)In (Pi]?’j)(jil ~ —Z sllj Z sil [(0 —1)Int; — 6z

lte heJ,
; ~ I; ~
+ ) spil(o = DIty — 6Zn] + Y _ s [(0 — 1)Inty; — 6%], (15)
hGJ’L ZGI]'
Importer’s MR Expor;err’s MR

in which z;; = In Zj This expression has three terms which, by analogy with (12), can be
straightforwardly interpreted. First, to the extent that world trade resistance is high, MR
between the i-j trading pair will be low, tending to discourage international trade on average.
Second, to the extent that importer ¢ faces high trade costs in obtaining output from other
exporters in the set J;, exporter j will export more to i. Third, when exporter j finds it costly
to export to other destinations in the set [;, it will tend to export more to 7 instead, all else
equal. Hence the expression above has a straightforward interpretation that makes clear the
impact of relative trade costs on bilateral trade flows.

Moreover, our expression for MR incorporates the effects of firm heterogeneity in two re-
spects. First, trade resistance occurring through the extensive margin is captured by the pres-
ence of the z;; terms on the right hand side. Their presence makes clear, for example, that MR
is affected by the intensive and extensive margins. Together with our discussion of the role of
MR in the extensive margin in section 3, this indicates a two-way interaction between MR and
the margins of trade. Second, the relevant average trade costs that constitute MR in a world
of firm heterogeneity are taken over the sets of active traders. This is clear from the fact that
the summation terms are taken over the sets J; and I;. This will have important implications
for comparative statics as we will see below.

The log-gravity equation for the model is:
Mmi; =Yi +Yj — yIj — (0‘ — 1) lntij + w;; + (O’ — 1) lnPl-ISj, (16)
where lower cases denote logs and where we follow HMR in capturing In V;; by
_ ~\o—1
Wij = In {exp5 |:Zij + In (PZPJ> :| — 1} . (17)

The estimation procedure we use is exactly as in HMR. It involves a two-step process whereby
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a first stage probit regression is estimated for the probability that country j exports to country
i. This probability is then used to construct (a) a control variable for the extensive margin, w;;,
and (b) the Inverse Mills Ratio as an additional control for country selection into trade. Both
of these are used in the second stage regression, which takes the form of an otherwise standard
gravity equation in which fixed effects control for MR in estimation. Since the procedure and
data is exactly as in HMR, we provide an overview of the data, method and selected regression
output in the appendix.

We turn instead to the implementation of our comparative statics, for which we need three
things. First, we need an estimate of the ‘firm level’ intensive margin elasticity of trade flows to
trade costs. We proxy trade costs with a number of observable variables and, for the elasticity,
we take an estimate of the coefficient on log distance, 7. The estimates are 4,, = 0.66 in the
probit model and 4 = 0.8 in the 2nd stage regression.'* Second, we need country-pair estimates
of the extensive margin elasticities p;; = Ow;;/0z;; = §e%%i [ (e%%i — 1) > 0, which we denote
by g?)zj The estimate of z;; is a linear function of the the variables in the probit model and
6 = 0.72 is estimated by non-linear least squares (NLS) in the second stage. The ¢;; terms
clearly vary by country pair and they provide one source of cross country variation in trade
elasticities. Finally, to make the adjustments for MR, we need country GDP shares defined

Ji SIJ'

P8 } for all 4,j. These are easily generated

relative to the relevant sets of active traders, {s

from the matrix of observed trade flows.

4.1 Gross elasticities

Throughout our application it will be interesting to compare gross elasticities, which do not
account for MR, with net elasticities, which do. Because gross elasticities ignore MR, they will
be identical for both bilateral and multilateral changes in trade costs. The gross elasticity for
country pair ¢-j is:

b= =D+ gy) (18)

where £77°°° = — Om; /0L p, B For the empirical analogue of this elasticity based on

a 10% fall in distance, E;(-]jmss = (1 + ®;;), we reproduce the results from HMR in Table 1.

The first row produces results from the NLS estimate derived from the Pareto assumption.

The mean overall elasticity of 1.56 implies the bilateral country-level effect is due roughly

25
9dy;
coefficient from the probit estimate. Our simulations take account of this small difference.

143We have made no theoretical distinction between the intensive margin ~ and Vp = which is the distance
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Functional Form Mean Median Std. dev. Max Min

Pareto 1.56 1.47 0.29 3.78 1.28
Polynomial 1.85 1.85 0.52 3 1.14

gross

Table 1: Summary statistics for estimates of gross country-level elasticity i

in equal parts to the intensive (% = 0.8) and the extensive margins, which is consistent with
Behar, Manners & Nelson (2011). The estimate is higher than would be implied by OLS of
1.18 (see appendix) or by estimates attempting to deal with country selection alone (1.21 — see
HMR). This is important because it implies one should allow for firm heterogeneity even if one
is not interested in the composition into the margins.'® Cross country variation in the extensive
margin drives variation in the estimated gross elasticities, which have a standard deviation of
0.29. HMR also produce estimates derived from a polynomial function of zij.w We include
these estimates for completeness and to show that the implications for bilateral elasticities are
similar, albeit with a larger standard deviation.

These estimates consider only actively trading pairs, but, as is clear from the probit es-
timates, a fall in distance raises the predicted probability of a pair of countries trading. To
translate this continuous effect on the probability into a comparative static simulation of binary
country entry, a new trading pair is formed (expanding the set J;) if the reduction in distance
results in the most productive firm in j now being able to cover the fixed costs of exporting to

%
Zij’

i. Empirically, this means that the predicted value of z;; after a fall in distance, is positive
when it previously was negative. Our analysis counts in how many cases pairs that were not
previously trading now have EZ > 0.

For the default 10% fall in distance, not a single instance of country entry exists. Generating
a case of country entry required fall in log distance of 0.31, or 27%. This implies that the
distribution of distance and other observed and unobserved trade costs is such that it would
take very large changes in trade costs to generate new trading pairs. This is consistent with the
observation in HMR that very little of the increase in world trade observed over time is due to
the formation of new trading pairs. Similarly, we considered a rise in trade costs, estimating

that a rise in log distance of 0.35 would have no effect on country entry and a rise in log distance

of 0.4 would cause only one trading pair to stop trading. The results imply that we do not need

5This point on country-level comparative statics is distinct from the emphasis in HMR on the estimate of
~, which is lower when controlling for firm heterogeneity than when using OLS. Baranga (2009) and Belenkiy
(2009) discuss the robustness of the HMR result.

6 Egger et al (2011) also adopt a variation of the polynomial approach in estimation (but not comparative
statics).
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to consider changes in the sets of traders when studying the net elasticities for the baseline 10%

change in trade costs that we do next, beginning with bilateral changes.

4.2 Bilateral changes in trade costs

Allowing trade costs to change bilaterally results in the following:

Proposition 1 (Bilateral changes in trade costs) The elasticity of bilateral trade flows to bi-

lateral (B) changes in variable trade costs is given by

55 = (0 =11+ ¢;;) (1 + sfjsji + sjl-js;]j — s;-]" — sfj) (19)

where 55 = —dm,j/d1Int;; for country pair i-j. Bilateral trade elasticities are always decreasing

in country size for bilateral changes in trade costs.

For bilateral changes in trade costs, the elasticity of trade flows is empirically always positive.
Moreover, the impact of MR will typically be small, because the adjustment made to the
elasticity due to general trade frictions will typically be close to unity. There will be exceptions

however. Consider the impact of a trade deal between a small developing country exporter and

Ji
J

the US. In this case, si[j is large, while sjl-j , 85° and SJI‘ are very small. The bilateral elasticity
will be approximately (o — 1)(1 + ¢;;) (1 - silj > such that the adjustment due to MR is large.
For country pairs such as these, ignoring MR effects even for bilateral changes need not be
innocuous. For the majority of country pairs however, the effects of MR under bilateral changes
in trade costs will be small. This is highly intuitive given the skewness in the distribution of
country incomes such that most countries are ‘small’ relative to the mean. Since the essence of
MR is to account for GDP-weighted changes in relative trade costs, bilateral changes between
two typical countries have small general equilibrium effects. A corollary is that, when trade
costs change only bilaterally, the relative cost of importing from or exporting to alternative
destinations also changes. Then we can predict that the impact of the bilateral reduction in
trade frictions will be to stimulate bilateral trade.

Since both the MR effect and the elasticity at the extensive margin are decreasing in country
size, the impact of size on the trade elasticities is unambiguous in the case of isolated changes

in trade costs. Small country pairs liberalizing trade bilaterally will tend to experience larger

elasticities.
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Group GDP Share Elastz'city Ratio

Ezxporter Importer Gross (§U ) Net (§1]) §Z] /§gmss
Mean 1.269% 1.200% 1.56 1.53 0.97
Median 0.186% 0.112% 1.47 1.45 0.99
Mauritania Togo 0.004%  0.005% 2.04 2.04 0.9999
USA Japan  29.23% 15.74% 1.28 1.02 0.79
Mexico Spain 1.721% 1.717% 1.29 1.25 0.97

Table 2: Elasticity for a bilateral reduction in trade frictions 55

We implement the empirical counterpart of the net elasticity in equation (19) for distance,

Y+, (_ I J I J

55 =7+ iVp — (1 + %‘j) T s + s T +s; ) 17 ysing our estimated parame-

ters and plotting the results in Figure 1. The chart shows the net elasticities generated in our
sample against the gross elasticities. The overwhelming majority of observations form a pattern
indistinguishable from a 45 degree line. This shows bilateral changes in trade costs have small

~B ~
MR implications, and so net (§;;) and gross (E‘(-]TOSS) elasticities are close together. Table 2

ij

produces examples for illustration. The first two rows give the mean and median values for

GDP shares and elasticities. The typical elasticity after accounting for MR is close to the gross

~~gross

elasticity. The table includes the ratio §U / §ij Ligh _ gl

[.
~1+s”s + 575 j 718

-5 The mean

value of this ratio is 0.97 and the median value is 0.99, which confirms that the typical ratio
is close to unity, indicating a small material effect due to MR in the case of isolated bilateral

changes.

~gross

Tiny countries like Mauritania and Togo have a ratio of 52] /f ~ 0.9999. By contrast,

Japan and the USA comprised 45% of world GDP in the 1986 data that HMR study and generate

~gT0oSss

a ratio of fw/fw

bilateral changes in trade costs. Mexico and Spain were the 10th and 11th biggest countries in

~ 0.79. This suggests that MR effects are large for big countries, even for

the world in our sample, but they each had less than 2% of world GDP. Their ratio of 0.97 is
still sufficiently close to unity to suggest it is only “very” big countries for which MR matters for
bilateral liberalizations. A related implication of MR is that trade agreements signed between
developing countries will have a larger effect than trade agreements signed between developing
and developed countries (Behar and Cirera-i-Criville, 2011).

More generally, bigger countries have lower gross elasticities through the extensive margin

and lower net-to-gross ratios through MR, giving lower net elasticities overall. This pattern

'"If the estimates in the probit (9,) and second stage (§) are the same, then this simplifies to ff’; =
(1 + @ij {1 + SI J‘ + SI‘SJ' - S;']i - Silj}
18The equality is exact for v = 1,,.
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Figure 1: Effects of MR for bilateral changes in distance: x-axis plots gross elasticity Elg; Oss;

~B
y-axis plots net elasticity &;;.

is further illustrated by simple correlation coefficients. There is a negative correlation of -0.29
between Ezg; ** and country-pair size (measured by summing their shares of world GDP). The
correlation between 25 and country size is -0.51, illustrating that the effect of MR, reinforces
that of the extensive margin, as suggested in Proposition 1. Figure 2 illustrates this negative
relationship.

While the USA and Japan are the biggest in terms of world GDP shares, Table 3 shows
lower net-to-gross ratios are generated by small (and distant) countries exporting to the largest
countries, which we considered in theory above. For example, the USA comprised 43% of
the share of the GDP of all importers from French Guiana and the elasticity ratio is only
25 /Ezg]r %~ 0.57. Japan makes up 72% of importers from Bhutan and the net-to-gross ratio
is only 0.26. Thus, for bilateral changes in trade costs, MR effects are material for (a) trade

between the world’s largest country pairs and (b) exports from small exporters with few export

destinations to the world’s largest countries. Otherwise they are small.

4.3 Multilateral changes in trade costs

We turn next to changes in trade costs that are multilateral in nature. We find that:
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Bilateral Elasticity

2 4
Combined GDP shares of world GDP

~B
Figure 2: Net elasticity (fij) and country-pair GDP share when bilateral distance falls in isola-
tion.

Countries GDP shares* Ratio
~B ~
FExporter Importer | Combined Exporter Importer §ij / f?;oss

Bhutan Japan 15.75% 72.34%  0.001% 0.26
Eq. Guinea USA 29.23% 56.10%  42.85% 0.43
Kiribati USA 29.23% 46.78% 51.92% 0.52
Solomon Isl. USA 29.23% 45.38% 53.58% 0.54
French Guiana USA 29.24% 42.76% 56.73% 0.57

* ‘Combined’ shares do not adjust for active traders; ‘exporter’ and ‘importer’ shares do.

Table 3: Lowest bilateral elasticities.
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Proposition 2 (Multilateral changes in trade costs) The elasticity of bilateral trade flows to

multilateral changes in variable trade costs is given by

M=o -1)1+¢;) |- sl 4 gt 4 gl
) J U ( J
lEIj

where §f\J/l = —dmy;/dInt, dint;; = dlnt for all i,j, i # j. Then:

(a) after accounting for effects through multilateral resistance, it is the case that

(20)

(21)

such that the sign of the elasticity of bilateral trade is ambiguous in theory. In particular,

for some country pairs, it could be negative;

(b) (i) if the extensive margin is held constant (p;; =0),

M
085 1,0

832-

> 0,

(22)

such that countries exporting to larger importers have larger firm-level responses to mul-

tilateral trade liberalizations;

(b) (ii) if the extensive margin is allowed to change (p;; > 0),

ol

20
881' <Y

(23)

such that the relationship between importer size and the country-level bilateral export elas-

ticity is ambiguous in theory.

In contrast to the case of bilateral changes in trade costs, the elasticity of bilateral trade

flows with respect to multilateral changes in trade costs can be either positive or negative in

theory. If it is positive, it is likely to be far below the gross elasticity that one would compute

ignoring MR, given by (o —1)(1+;;). The theoretical origin of this result lies in the endowment

economy nature of the environment studied here, as in AvW’s set up. Changes in trade costs

serve to reallocate output from one activity (e.g. domestic trade) to another (e.g. international

trade) so that multilateral trade cost changes can mean that exports become redirected from
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one destination to another even if the bilateral friction between a country pair falls. A fall
in bilateral trade can be explained by the overall bilateral cost rising relative to the cost of
importing from or exporting to alternative destinations.'”

Part (b) (i) of Proposition 1 replicates AvW’s ‘Implication 1’ in the environment in which
we Taylor approximate MR. It states that countries exporting to larger importers have larger
elasticities of bilateral trade when multilateral trade liberalization takes place. The reason is
that larger countries typically trade a smaller fraction of their output internationally, instead
trading proportionately more domestically. This means that large countries are less affected by
MR, which in turn means that the dampening effect of MR on trade elasticities is smaller for
large countries. This remains true in our case as long as the extensive margin does not respond
to trade liberalizations (¢;; = 0).

Part (b) (ii) of the Proposition shows what happens when the extensive margin can respond
to multilateral trade cost changes too. Now the relationship between country size and elasticity
breaks down, and this is due to the way in which the elasticity at the extensive margin varies
with country size. To see this, note that the elasticity of the extensive margin can be written
Owij/0Inty; = —(o—1)p;;+pi; [8 In (Piﬁjypl /01n tij} , where the first term is the gross effect
of a fall in trade costs on the extensive margin, which yields the net extensive margin elasticity

once MR is adjusted for. Taking the first term in isolation, it can be shown that %%? > 0,

such that for given MR, the elasticity of the extensive margin with respect to trade costs is
decreasing in the size of the exporter. From equation (4), large exporters tend also to have
high cost cutoffs, all else equal. Therefore a reduction in trade costs has a small proportional
effect on the number of exporting firms. Conversely, the extensive margin is very sensitive to
trade cost changes for small countries. Hence as country size changes, there are two opposing
effects at work. First, larger countries are less subject to MR, so will tend to have larger trade
elasticities, all else equal. But larger countries will also be less sensitive to trade costs at the
extensive margin, tending to reduce their trade elasticities. The net effect is ambiguous, as

detailed in Part (b) (ii) of Proposition 1.

19Tn parallel, the worldwide reduction in trade frictions is associated with a rise in factor costs, which reduce
demand. To see the interplay between MR and factor costs, consider what happens to trade between ¢ and j
when trade barriers between j and a third country h # i fall, but the bilateral barrier between ¢ and j remains
unchanged. This manifests itself as a fall in j’s exporter MR. At the same time, higher demand from the third
country bids up j’s factor costs. The higher factor costs make j’s goods more expensive in ¢ and, given the barriers
between ¢ and j remain constant, this lowers demand from 4. So, the fall in exporter MR makes supplying goods
to ¢ less attractive in relative terms, while the rise in factor costs reduces demand by i. This general equilibrium
channel can be strong enough to reduce bilateral trade between ¢ and j even when the i-j trade barrier is not
constant and actually falls along with other ‘third country’ trade frictions, as in a multilateral liberalisation.
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Figure 3: Effects of MR when all countries reduce frictions. Line with positive slope plots
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§i;j =& forreference. X-axisis §;; ; y-axis is §;; .

Figure 3 demonstrates the dramatic effects of accounting for MR when all countries reduce
distance.?’ Estimates of net elasticities /f\f\j are substantially lower than gross elasticities Elg; o
The majority of the net elasticities are negative, which demonstrates that Proposition 2 (a)
is relevant empirically. This implies that the general equilibrium effects are so strong that
most country pairs reduce their bilateral trade after reductions in their frictions, and trade is
redirected elsewhere. Consistent with this, Table 4 shows the median elasticity is -0.019, while
the mean elasticity is 0.006. Because international frictions have fallen only relative to domestic
frictions, one should expect a net effect close to zero.

Can we characterize the source of the MR effects and see where they are strongest? Table
4 hints at a positive relationship along the real line between the net-to-gross ratio EZI /Ef;oss ~
— Z sllj s}]l + s;]i + sjl-j and the size of the trading pair. Mauritania and Togo have a negative
nelte—ﬁ)—gross ratio, Mexico and Spain are just above zero, while the USA and Japan have a

value of of Ef\j /ijmss

~ (0.5. The theoretical analysis introduced the opposing forces in the
relationship between country size and the elasticity: bigger pairs have bigger MR multipliers

but lower gross elasticities due to the extensive margin. Recall the correlation between pair-size

20We compute this as ff\f =Y+9iVp— (1 + goij) Wf_ig” {1 + Zlelj sle sjl — s;” — sJIJ }, i.e. allowing for v # 7,

between the probit and second stage regressions.
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Group GDP share FElasticity Ratio
~gTross ~M ~M ~gross
Ezporter  Importer ‘ Gross (§;; ) Net (&) ‘ i /S
Mean 1.269% 1.200% 1.56 0.006 0.011
Median 0.186% 0.112% 1.47 -0.019 -0.013
Mauritania Togo 0.004%  0.005% 2.04 -0.094 -0.047
USA Japan | 29.23% 15.74% 1.28 0.657 0.512
Mexico Spain | 1.721% 1.717% 1.29 0.020 0.015
Table 4: Elasticity for a multilateral reduction in trade frictions ff\;‘[
-
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Figure 4: Net elasticity §;; and country-pair GDP share when all countries reduce frictions.

and the gross elasticity is -0.29. For multilateral changes, the correlation between the net-to-
gross ratio and country-pair size is 0.49. Figure 3 demonstrates the overall positive relationship
across all country-pairs. Thus, while weakened by the extensive margin effects, country size and
bilateral trade elasticities are positively related for multilateral changes to trade costs in our
data set.

Overall, we have approximately 2,300 positive elasticities out of about 11,000 positive trade
flows. This begs the question of where the positive elasticities are generated. Above we discussed
how negative bilateral responses are the outcome of redirection from some export destinations
to others. Given the endowment economy model studied here, negative export elasticities with
some destinations should have offsetting positive elasticities with others. For consistency with

theory therefore, it is necessary for each exporter to have at least one import destination with
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which it has a positive export response. This happens for every country in our sample. G7
importers are responsible for half of the positive elasticities, because most nations increase
exports to these destinations. The results reflect major trade redirection. Putting it starkly,
most countries trade a lot with the G7 and a little with everyone else. After a reduction in
trade frictions, they reduce their exports to most smaller countries to be able to expand their

exports to a handful of big countries.

4.4 World-wide elasticities

Finally, we aggregate the bilateral elasticities by exporter, weighting each bilateral elasticity by
the volume of exports. As should be the case, after aggregating across all export destinations, all
countries see an aggregate increase in trade even after accounting for MR. The mean aggregate
elasticity is 0.29 and one third of our countries have elasticities of less than 0.1, which are a
fraction of the elasticity implied by standard approaches. Canada (0.65) and Mexico (0.67)
generate the biggest elasticities - and we know what they have in common.

Some studies (e.g. Wilson, Mann & Otsuki (2005)) use gravity models to simulate the
effects of multilateral reductions in trade barriers on global trade. It is interesting to calculate
similar world-wide elasticities, which we report in Table 5. For reference, we include the OLS
estimate, which ignores both MR and firm heterogeneity. Focussing on the Pareto estimates,
the intensive margin effect given by the estimate of v is 0.799 for the whole world. Allowing for
the extensive margin of trade to operate and aggregating across all bilateral elasticities yields
a gross world trade elasticity Egmss of 1.29. This is close to the minimum of the distribution
of bilateral elasticities discussed above because the world’s largest economies, which dominate
the aggregate elasticity, tend to have the lowest individual elasticities. For global elasticities
(unlike bilateral elasticities: cf table 1), the implications are that the intensive margin accounts
for over 60% of the trade increase and that the gross elasticity is only about 10% higher than
that implied by OLS. Recall that there was no effect on country entry of a 10% fall in distance.

Once we account for MR effects, however, aggregation yields a world-wide net trade elasticity

~

M ~M
¢ of 0.47. Hence, for the world as a whole, the net-to-gross ratio £ /

/f\gmss is approximately

one third and the net elasticity is less than 40% of the elasticity implied by OLS. We draw the
same conclusions from an analogous empirical implementation using the polynomial estimates.
Therefore, existing gravity-based simulations of multilateral reductions in trade barriers can be

seriously misleading.
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Elasticities Ratios

Functional | OLS | Intensive | Extensive | Country | Gross | Net Gross: Net:  Net:
Form intensive. gross. OLS
Pareto 1.176 0.799 0.492 0 1.291 | 0.467 1.616 0.362  0.397
Polynomial | 1.176 0.862 0.425 0 1.287 | 0.462 1.493 0.359  0.392

Table 5: Impact of firm heterogeneity and MR on world-wide elasticities

In sum, Table 5 confirms that MR dramatically reduces the responsiveness of world trade to
a multilateral reduction in trade frictions. However, this masks the reorientation taking place
bilaterally. We saw that most bilateral trade elasticities are negative, despite the larger gross
elasticities generated by effects at the extensive margin. This dramatic impact is pervasive but
greater amongst smaller trading pairs. This is consistent with the findings of AvW and shows
the redirection of exports away from most export destinations towards the G7.

The analyses in this section have been of multilateral and bilateral reductions in bilateral
(or dyadic) trade frictions. Behar, Manners & Nelson (2011) study the impact of a rise in
country-specific (or monadic) logistics quality on exports. Echoing the intuition for the mul-
tilateral case here, bigger countries experience a larger trade response to an improvement in
their logistics because they are less affected by MR. This effect outweighs the smaller response
by bigger countries at the extensive margin. A further implication of MR in that study is that
the regression coefficient on a monadic variable applies to a country of average size. Because
most countries are smaller than average, MR makes the trade response much smaller for most

countries.

5 Concluding remarks

We have presented a gravity model for which we have computed comparative statics that ac-
count for the effects of both firm heterogeneity and multilateral resistance. To do so, we imposed
general equilibrium closure on Helpman, Melitz and Rubinstein’s (2008) gravity model, render-
ing it comparable to Anderson and van Wincoop’s (2003) system while preserving asymmetries
in trade frictions and zeroes in the trade data. Adapting Baier and Bergstrand’s approximate
multilateral resistance (MR) terms to the case of firm heterogeneity allowed us to compare the
effects of bilateral and multilateral trade liberalizations in a context that accounts for both the

extensive margin of trade and the importance of relative trade costs in determining equilibrium
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responses.

In general, the presence of firm heterogeneity tends to amplify the magnitude of trade cost
changes on trade flows. Therefore, even if one is not interested in the margins of trade, they
need to be considered when estimating the overall trade response. These effects will typically
be dampened by MR however. Except for the largest countries, the dampening due to MR
effects is small for bilateral changes in trade costs. One implication is that most analyses of
trade agreements between two countries (and by extension a handful of countries) can ignore
MR for practical purposes.

By contrast, large effects due to MR emerge after multilateral changes in trade costs, for
example a comprehensive new multilateral trade agreement, are considered. The theoretical
sign of the bilateral trade response is ambiguous and we find empirically that most bilateral
trade elasticities are negative. Because large countries are less affected by MR, exports get
reoriented from small importers to large importers.

A further implication of this is that the world trade response to a multilateral liberalization
is positive but less than 40% of that implied by standard approaches that ignore MR. Properly
accounting for MR may contribute, for example, to explanations of why dramatic worldwide
transport technology improvements did not make a commensurately large contribution to trade

increases over time (Behar & Venables 2011).
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Trade Flows, Multilateral Resistance, and Firm Heterogeneity

A Technical Appendix
A.1 Theory

A.1.1 Derivation of gravity equation

From HMR’s equation:

assume trade balance, which gives

i ()T ng () e () Tn - ok

il

Substitute for (c; Ja)' ™7 N; in HMR’s gravity equation to yield

Y;Y; ti\' 7
M’Lj == J <j> ‘/74]'

> (tﬁ)lﬂ YiVij b

icl;

Divide and multiply by Y% = Z‘el Y;, then we have the gravity equation a la AvW, but which adjusts
el

J
for the extensive margin of trade and sets of active traders, given by:
vivi [t \
My = <5 o Vi,
Y4 \ PP

1—0o
~ tis I,
l-0c 7
Pj = E (Z) s;"Vij

iel;

where

is exporter multilateral resistance in which s;rf =Y;/Y1i. From the consumer price index, we have also
that importer multilateral resistance is:

ot 1—c t 1o v
e () (5] o
J€Ji Jedi J

where sj" =Y;/Y7 and r;; = Y71 /Y1i. The latter term r;; captures the relative size of all exporters to i
relative to all importers from j. For the purposes of the comparative statics we consider empirically, this
term is a constant if the two sets J; and I; do not change. As we discuss in the body of the paper, for
the changes in distance that we consider, these sets of traders are indeed constant. For our comparative
statics then, we can subsume the r;; into the constant in the gravity equation and use

l—0o
t..
1— 1] Ji

JjEJ; J

to complete the general equilibrium system.

A.1.2 Taylor approximation

Following Baier and Bergstrand, we take a first-order Taylor approximation of the MR indices. Our
model contains an additional effect due to the impact of MR on the extensive margin: the price indices
contain extensive margin terms, which themselves contain a system of price indices. In order to extract
the exogenous components of the system, we make the further assumption that the extensive margin



terms that appear in the price index equations (but not the main gravity equation) can be decomposed
~\0(c—1) " ~\0(c—1)
according to V;; ~ Z5 (PZ-Pj , or wi; ~ 0z;; + In (P1P7) . This approximated extensive
margin value approaches that computed under the assumption of a Pareto distribution for §z;; sufficiently
6(oc—1)
large, since wij In {652” — 1} ~ 0z = 0z;; +1n (PP) when this is the case. Using this, and

defining W;; = Z, Z-j yields price indices of

PEo= N ilosppEw; (1)

i€l

P = N oSl PR, (2)
JjEeJ;

where we have used that (54 1)(c — 1) = (22t +1)(0 — 1) = k. The terms (1) and (2) are those which
we Taylor approximate. We do this around a symmetric centre in which trade frictions are positive but
symmetric and sufficiently low for all countries to trade. Then ¢;; = ¢ > 1 for all ¢, . Similarly, W;; = W,

P,=P,I; =J; and ﬁj = P. This yields the system
ﬁfk _ tlfapszsi _ tlfo'PkVV’
PR = ' IPMWY s =t PR,
J

which has a solution at P = P. Any observed variations in ¢;; are pertubations from this centre which
can be approximated using Taylor’s method. These can be asymmetric in the sense that ¢;; # ¢;;. To
do this, we use

~ 1.

e klnpP;  _ § eln s; 6(1 o)Int;; ek In P; eln W”’ (3)
i€l

efklnPi _ § : lns (1 o)Int;; eklnPjeanij, (4)
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Then expanding the LHS of (4) around In P and the RHS around Int, In W, and In P gives

P kPP — P =" st OWPE 4y sl (1 o)t W Pty — Int]
JeJdi jEJ;
+ > s WP I Wy — W+ > 5Tkt W PF[ln P — In P).
Jedi JEJ;

Divide through by P~F =t~ oW Pk and use that > =1 to give
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Use —kIn P = (1 fa)lntJranJrkln}A) to give
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Writing the approximated price indices in terms using subscript h as the generic exports and [ as the
generic importer, we have

1 1 ~
InP, = Z sgi <Uk) Int;, — T Z s# In Wiy, — Z szl In P,

heJ; heJ; heJ;
3 fo—1 1 . ,
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Substituting the first line into the second gives
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such that adding In P+ In P; yields
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Using (o0 — 1) Int;; = vd;; and InW;; = 0z;;, our MR approximation is then given by
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Our comparative statics require the term 5d
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, SO we write
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and use § = such that (6 + 1) (o — 1) = k, finally yielding the approximation:
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A.1.3 Proof of Proposition 1: Bilateral changes
Proof. The trade elasticity for a bilateral change is given by

Oln (Pilgj)gil

&5 = (@-D+g;-1)-(1+g¢)

~\o—1



or 55 = (1 + %’j) {1 + sfj SJJ" + sj] s;]J - sjl — sf’} if v = 0 — 1. For a change in the size of importer ¢
such that ds* = ds.’ = ds;,
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A.1.4 Proof of Proposition 2: Multilateral Changes
Proof. The trade elasticity for a multilateral change is given by

OJln (P,;I%)U_l
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This yields
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or ff\f =7 (14 ;) (* Zlefj slljsjl + 57 + s‘?) if v =0 — 1. Then:
(a) Ignoring MR gives the gross elasticity asy (1 + cpij) > 0 but including the MR term (— Zlelj sllﬂ’ 3=jfl + g;fz + sjl,j)
implies §£\j4 2 0 since ( ZZGI 51 ] Lpslig 8; ) 0.

(b) (i) If the extensive margin does not operate, the elasticity is 5?;-[

( Zlel 51 J’+S TSy )
ij =
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such that M =7 (1 s ) which is positive if s P <l

J
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(b) (ii) If the extensive margin operates, the sign of s” is subject to two competing effects. Using

o(ve,; :
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The MR effect from (b) (i) increases the elasticity for larger countries, but larger countries experience

smaller direct effects of trade costs on the extensive margin. This second effect can go the opposite Way if
Zle] slj st +s‘]l+s < 0, yielding a positive elasticity overall, but whether — Zle] sl” sl +s‘]l+s

0is am]blguous The response of the overall elasticity to changes in country size is tflerefore amblguous
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A.2 Empirical implementation
A.2.1 Description of variables

The dependent variable is the log of exports in 1986 measured in constant (2000) US dollars. The
main variables used are distance: the log of distance in km between the importer and exporter; border:
a binary variable indicating whether the country pair shares a common physical boundary; island: a
binary variable indicating whether at least one country is an island (in HMR, this is described as an
indicator of whether both countries are an island); landlocked: a binary variable indicating whether at
least one country is landlocked (in HMR, this is described as an indicator of whether both countries
are landlocked); legal: a binary variable indicating whether or not the country pair share the same
legal origin; language: a binary variable indicating whether the country pair share a common language;
colonial ties: a binary variable indicating whether one country every colonised the other; FTA: a binary
variable indicating whether or not the country pair formed a regional trade agreement; religion: a variable
constructed by HMR indicating how similar the religious composition is in the country pair;'exporter
and importer dummies to capture fixed effects including multilateral resistance.

To construct GDP Shares, GDP data are sourced from the World Bank’s World Development Indi-
cators WDI). Where necessary, WDI data were combined to meet the country definitions in the trade
data (for example combining Belgium and Luxembourg). Where possible, missing observations were
supplemented with data from the United Nations Common Database (UNCDB). Otherwise, a GDP of
0.1 was inputted manually. The denominator is constructed based on the sum of the individual countries’
GDPs. Shares are based on the subset of countries the importer imports from or the exporter exports
to. Except in the example of a small exporter with few trading partners exporting to a large exporter,
we have achieved similar results simply by using the share of world GDP, where world GDP is the value
provided by the WDI.

A.2.2 Description of empirical methodology

Here, we describe the methodology used for estimation and the comparative statics exercises.

Estimation

1. Estimate a probit model for the probability of positive exports from j to 7. The first stage includes
the bilateral variables listed in the data appendix together with importer and exporter dummies.
The set of bilateral variables must include a variable which will be omitted from the second stage.
Theoretically, such a variable should affect the fixed costs of exporting, but not variable costs.
HMR use religion for this purpose.? The probit generates the estimate of ¥p = 0.66 in column 2
below and noted in the text.

2. Generate predicted probabilities (p) of positive exports. Many of these are practically indistin-
guishable from unity such that many values of the Inverse Mills Ratios are not distinguished from
each other. The approach in HMR converts all p > 0.9999999 to values of p = 0.9999999. For a
further discussion of truncation issues, see Baranga (2009).

3. Predict the Inverse Mills Ratio ﬁ; = %&;, where ¢(.) is the the standard normal density function

ij
~~x

and ®(.) is the standard normal distribution function. Generate z7; as a linear function of the

. . . o ik
probit variables and z;; = z7;+ 7,5

4. Estimate the second stage including the predicted controls for firm selection log(e‘sng —1), derived
from the assumption of Pareto distributed firm productivity, and country-selection ﬁ; Helpman,
Melitz & Rubinstein (2007) use maximum likelihood while the published version (Helpman, Melitz
& Rubinstein (2008)) use non-linear least squares. We follow HMRO08. Because of the large number
of dummies (over 300), we follow Carayol (2006) and use the function evaluator program version
of the nl command. This generates estimates of 5 =0.72 and ~v = 0.8 in column 3 and noted in the
text. HMR, also develop a semi-parametric controls for firm selection using a polynomial in E;-;
results for this are presented in column 4.

We use the version employed by HMR in their paper. An updated version has subsequently become available on
Elhanan Helpman’s website but does not affect any of our results.

2Some countries export to everyone else or import from everyone else. The fixed effects are thus perfect predictors and
cannot be included in the probit. HMR omit such variables from the study. However, an alternative option might be to
generate predicted probabilities equal to 0.9999999, as done in step 2 for a number of countries, and continue from there.



5.

Generate predicted values for trade m including a predicted value w = 1og(63§* —1) or alternatively
using the regression coefficients for the polynomial in z".

Simulations Generate an alternative measure of the variable of interest. In the case of distance, the
new measure is 10% lower than the original.

1.
2.

Generate a new latent variable using estimated coefficients together with the new distance measure.

Generate the new predicted probabilities p’, setting values above 0.9999999 equal to 0.9999999 as
before.

Keep the originally estimated Inverse Mills Ratio ﬁfj The original estimate of unobserved trade
frictions, conditional on the same countries trading, is still the prediction based on the original
values.

. Generate new predictions E*/, using the same value for ﬁ; but the new predicted probabilities in

®~1(p). Use the estimate § and " to generate an alternative prediction of the non-linear term
w' = log(e‘sg*/ — 1) or alternatively using the polynomial in E

Generate the alternative predicted values for trade 1’ based on the new distance values and w'.

Calculate the gross elasticity £ = Ifloig%ﬁ;l' For country-pairs with p’ > 0.9999999, assign the elas-

ticity generated by a value of p/ = 0.9999999. By doing this, HMR are taking a probability of
0.9999999 to imply a certain proportion strictly less than unity of firms exporting.

Calculate the net elasticities, which account for MR, applying the appropriate country shares and
formulae derived in the text.

A.2.3 Regression results

The first column gives the results from standard OLS estimates ignoring firm heterogeneity. Column 2
gives first-stage probit estimates and column 3 gives the second-stage regression, which includes
controls for country selection (the Inverse Mills Ratio %Z) and the proportion of firms exporting

(represented by the non-linear parameter §). In all cases, multilateral resistance is controlled for in
estimation by the use of exporter and importer fixed effects. For completeness, column 4 includes
results based on the semi-paramteric polynomial approximation for the proportion of firms exporting.



Regression Results® (1) OLS (2) Probit (3) NL (4) Polynomial

Distance (=) -1.176%H* -0.660*** -0.799%** -0.862%**
(0.0269) (0.0206) (0.0352) (0.038)
Border 0.458%** -0.382%** 0.832%** 0.786%**
(0.118) (0.0941) (0.124) 0.149
Island -0.391%%* -0.345%%* -0.17 -0.2
(0.107) (0.0751) (0.097) 0.12
Landlocked -0.561%** -0.181 -0.447*%* -0.482—
(0.164) (0.105) (0.128) 0.135
Legal 0.486*** 0.0964** 0.388%** 0.385%**
(0.043) (0.0297) (0.039) 0.044
Language 0.176%* 0.284%** 0.023 0.045
(0.0556) (0.0381) (0.059) 0.066
Colonial ties 1.299%%* 0.325 1.003*** 1.038%**
(0.132) (0.292) (0.091) 0.092
Currency Union 1.364%%* 0.492%** 1.024%%%* 1.106%**
(0.216) (0.132) (0.269) 0.249
FTA 0.759%** 1.985%** 0.378%* 0.457%**
(0.162) (0.314) (0.144) 0.108
Religion 0.102 0.261%**
(0.09) (0.061)
7 0.392%%* 1.131%%
(0.049) 0.137
5 0.716%%*
(0.049)
z* 3.602%**
0.348
z*2 -0.782
0.112
z*3 0.064***
0.011
Constant 3.168%** 3.813%** 517.2 4.197***
(0.788) (0.371) (764.8) 0.517
Observations [R?] 11,146 [0.709] 24,649 11,146 [0.718] 11,146 [0.721]

3Significance at 0.001 & 0.01 levels denoted with “***” and ‘“** respectively. Standard errors in parentheses (based on
50 bootstrap replications in columns 3 and 4).
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