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1 Introduction

Trade economists are well aware that transition between the short and the long run is not
swift. Plenty of evidence also suggests that transition (e.g., in response to trade agreements
or Brexit) is not log-linear. Nevertheless, applied practice mostly uses long run models that
do not account for bilateral transition. Against this backdrop, the objective of this paper is
to base transition on adjustment of bilateral trade capacity in the workhorse international
trade model — the structural gravity equation. Our dynamic adjustment gravity equation of
the short run nests the standard long run gravity equation. It translates into a simple and
flexible reduced-form econometric approach that enables us to identify lag-interval-varying
trade elasticities and their evolution from the short to the long run.

Our structure extends the Lucas and Prescott (1971) transition formulation that combines
the roles of adjustment cost and depreciation in a single adjustment parameter of a log-linear
difference equation.! The Lucas-Prescott specification is extended to incorporate a reduced-
form adjustment/depreciation parameter that varies with respect to the time lag interval
chosen to discretize the (almost) continuous real world process. The variation in lag length
is explained by two elements. First, lags are due to the familiar macro literature combination
of a recognition lag and an action lag (itself the sum of decision and implementation lags).
The second element is firm heterogeneity in the lag lengths. The combination of the two
features is that, at any point in the transition from an initial shock to the long run, a time
varying fraction of active firms have proceeded from recognition to action, based on their

varying productivity in reading evidence, decision-making, and implementation.?

For any
chosen (by the analyst) lag time interval, there is an associated Lucas-Prescott adjustment
parameter.

The lag-interval dependence of the Lucas-Prescott adjustment parameter has three em-

IThe extension offers a theoretical foundation that is consistent with a number of theories of the dynamic
evolution of bilateral trade links, e.g., Arkolakis (2010), Drozd and Nosal (2012), Crucini and Davis (2016),
Chaney (2014), and Anderson and Yotov (2020).

2This feature resembles the Calvo pricing mechanism in the macro literature.



pirical implications. First, it allows for the short-run trade elasticity to be smaller than
one. Second, it parameterizes a lag-interval-varying trade elasticity, which enables us to
estimate the evolution of the trade elasticity from the short to the long run. The results
capture the (non-linear) evolution of bilateral trade cost effects. In the structural gravity
model behind our reduced-form estimation, the long run trade elasticity is a fixed param-
eter. The short run elasticity is a parametric function of the long run trade elasticity and
the lag-interval-varying adjustment parameter. Third, our theoretical model motivates the
use of lag-interval-varying pair fixed effects to capture the (non-linear) evolution of bilateral
trade capacities.

The resulting econometric gravity model delivers lag-interval-varying estimates of the
trade elasticity, one for each lag-interval specification. The profile of lag-interval elasticities
is interpreted in the lens of the structural model to reflect the variation in the capacity
adjustment parameter due to the proportion of firms that have adjusted. We apply the
reduced-form model to the era of globalization, 1989-2006. The structural model lens be-
comes plausible when treating globalization as a common shock that dominates other sys-
tematic shocks in its effect on bilateral trade capacity adjustment. To eliminate seasonal
and other high frequency variation, gravity models are typically estimated on annual data,
so the minimum lag is one year. The remaining lag interval choices are necessarily somewhat
arbitrary to generate stylized reduced-form “facts”.

Our model belongs to the wide gravity class in which a single parametric trade elasticity
can be interpreted as a combination of various supply side effects with the CES demand
side, following Arkolakis et al. (2012). The supply side transition associated with bilateral
marketing capital adjustment in our model introduces an important requirement for estima-
tion. The bilateral trade volume effects of the adjustments (in general spatial equilibrium)
are relative to domestic trade as well as other international partners trade. Most gravity
estimation has identified parameters of interest from variation of international trade data

alone. This practice is harmless for pure cross-section empirics, but may be significantly



mis-specified for transition investigations. This is because it misses the presumably large
effects of capacity reallocation between domestic and cross-border marketing.?

Our application uses two standard elements of the gravity modeling literature along with
the less standard inclusion of domestic trade flows. First, the estimator of the coefficient of
tariffs in the structural gravity model is only a function of the trade elasticity (Anderson and
van Wincoop (2001), Fontagné et al. (2022)). Thus the trade elasticity is solved from the
reduced-form estimate of the coefficient of tariffs in our lagged adjustment model. Second,
we rely on and extend the standard fixed effects treatment of bilateral trade costs in empirical
gravity equations (Baier and Bergstrand (2007), Egger and Nigai (2015), Agnosteva et al.
(2019)) to allow for short vs. long run modeling of bilateral trade costs with interval-pair
fixed effects.

The proposed methods have several advantages. They are flexible because the interval-
pair fixed effects can be defined over any desired time span. They are also comprehensive
because the fixed effects will control for and absorb all possible determinants of bilateral trade
flows that are of the same pair-time dimension. Thus, in the spirit of Baier and Bergstrand
(2007), our methods may further mitigate potential endogeneity concerns with bilateral trade
policies. The lag-interval-pair fixed effects lead to better estimates of the effects of bilateral
trade costs and their changes, a crucial advantage for counterfactual general equilibrium
analysis. The methods are easy to implement because all they require is the creation of
fixed effects. Finally, our reduced-form estimates are interpretable in the lens of the set of
structural gravity models with closed forms.

The proposed methods also come with some caveats. First setting the length of the
intervals is rather arbitrary. Thus, the use of a variety of lag intervals and their interpretation
needs discussion and defense that is appropriate to the product-country-time characteristics
of the dataset. Second, the interval-pair fixed effects may not allow identification of the effects

of some covariates that are of interest to the researcher, e.g., some bilateral friction variables

3Yotov (2022) offers a recent survey of the benefits of using domestic trade flows for gravity estimations.



that change slowly over time. Our recommendation is to consider using interval-pair fixed
effects, especially when the time span of the estimating sample is long, but to experiment
with alternative intervals and to think carefully about the optimal interval length based on
the dimensions of the data and given the specific policy evaluation in question.

The reduced-form transition gravity model is estimated with data on aggregate manufac-
turing trade and tariffs over the period 1989-2006. We present the results and quantitative
implications from four time-interval-pair fixed effect specifications. The results have sev-
eral quantitative and policy implications. First, we obtain a short-run trade elasticity that
is smaller than one. This result confirms the possibility from our theory that the trade
elasticity can be smaller than one.

Second, the alternative fixed-effect specification generate a distribution of time-varying
trade elasticity estimates. These vary from 0.4 in the short run, through 1.4 and 1.9 in the
medium run, to 4.8 in the long run, forming a trade elasticity curve, which transitions from
a convex to a concave shape.

Third, taking the structural model behind the estimated reduced form literally enables
us to characterize the evolution of the adjustment parameter over time from the estimated
coefficients. The resulting profile of the adjustment parameter implies that as time increases,
the proportion of firms that have adjusted rises, first at an increasing rate and then at a
decreasing rate. This finding is consistent with an S-shaped distribution of firm adjustment
such as the logistic. It is also consistent with the theory of decreasing marginal trade costs
of Arkolakis (2010) and, more broadly with the evolution of production trade costs.

Fourth, the structural model combines with some external parameters to recover es-
timates of the lag-interval-varying adjustment parameters. Consistent with expectations
based on theory, the adjustment parameters increase gradually when we move from the short
to the long run. Moreover, the estimated adjustment parameters imply that the long-run
equilibrium in our sample is reached in about 14 to 15 years.

Fifth, in combination with estimates of the effects of free trade agreements (FTA) from



the same econometric model, our time-varying trade elasticity estimates fully explain the
evolution of the phasing-in effects of FTAs over time.

Finally, a broader (and somewhat obvious) implication of our analysis is that comparisons
between trade elasticities from different studies should be conditional on the length of the
time span of the corresponding estimating samples.

The rest of the paper is organized as follows. In the next section, we review the most
closely related literature. Section 3 provides the theoretical foundation for our analysis.
Motivated by theory and capitalizing on the developments in the empirical gravity literature,
Section 4 sets up our econometric model. We offer a brief description of the data in Section
5. Section 6 presents our main findings and Section 7 offers concluding remarks. Finally, the

Supplementary Appendix includes some derivations to aid the reader.

2 Related Literature

Our simple methods and corresponding analysis are related to several strands of the liter-
ature. From a theoretical perspective, our analysis is motivated by a series of papers, e.g.,
Arkolakis (2010), Head et al. (2010), Drozd and Nosal (2012), Chaney (2014), Crucini and
Davis (2016), and Anderson and Yotov (2020), which are concerned with the dynamic evo-
lution of bilateral trade costs. Our main contribution to this literature is that we propose
a simple and flexible econometric approach that captures the main idea from these papers
and enables us to test some of their implications about the evolution of bilateral trade costs
within the structural gravity model.*

Most closely related to our work from this literature is Anderson and Yotov (2020). The

main difference between this work and Anderson and Yotov (2020) is that they propose a

4By focusing on the dynamic evolution of bilateral trade costs within the structural gravity framework,
our work is also related to a series of papers that nest gravity within dynamic models of country-specific asset
accumulation, e.g., Olivero and Yotov (2012), Eaton et al. (2016), Anderson et al. (2019), and Anderson
et al. (2020). Our contribution in relation to this literature is that we allow for and model the evolution
of bilateral trade costs, while the dynamic forces in the above-referenced papers are country-specific and,
as such, they will be fully controlled for and absorbed by the country-time fixed effects in our econometric
model, without implications for our estimates.



short-run gravity model while we focus on the transition between the short and the long run.
Anderson and Yotov (2020) assume a common, time invariant adjustment parameter, which
they borrow from outside, and, as a result, they can only estimate one value for short run
elasticity and one value for the long run trade elasticities. In contrast, our theory allows for
a time-varying adjustment parameter. This leads to two novelties: (i) a time-varying trade
elasticity within the structural gravity model, and (ii) an implication for estimating gravity,
i.e., the use of time-interval pair fixed effects. Our empirical analysis demonstrates that
the evolution of the trade elasticity over time is not linear, which has potentially important
empirical and policy implications.

From a modeling perspective, we depart from the canonical formulation of Lucas and
Prescott (1971) to capture the process of dynamic evolution of bilateral trade costs in our
setting. More recently, the Lucas-Prescott (LP) adjustment process has been utilized in
structural gravity settings by, e.g., Eaton et al. (2016) and Anderson et al. (2020). Our
contribution generalizes the Lucas-Prescott formulation in two ways. First, we allow the LP
adjustment parameter to vary over time-lag-intervals. This leads to a transitional structural
gravity equation with time-varying trade elasticity, which nests the standard gravity model.
Second, we model the lagged values in the LP formulation as lag-interval averages. This
motivates the use of time-interval pair fixed effects in the econometric model.

We also contribute to the broad literature on gravity estimation methods and applica-
tions. The most closely related paper from this literature is Baier and Bergstrand (2007),
who advocate the use of pair fixed effects to mitigate endogeneity of bilateral policy variables
in gravity estimations. In relation to Baier and Bergstrand (2007), we propose the use of
interval-pair fixed fixed effects.> This enables us to specify an econometric model that can
capture the short vs. long run effects of trade policies. In addition, as mentioned earlier, the

use of interval-pair fixed effects may further mitigate potential endogeneity concerns and it

5The use of interval-pair fixed effects that is implied by our model is consistent with recent findings from
Baier and Standaert (2024), who provide evidence that the assumption of time-invariant country-pair fixed
effects in the gravity model may not hold over long time horizon.



leads to better modeling of the vector of bilateral trade costs with implications for counter-
factual analysis with new quantitative trade models. Finally, from a policy perspective, but
also in relation to Baier and Bergstrand (2007), our methods offer an explanation for the
(non-linear) evolution of the phasing-in effects of trade agreements over time.

The fourth strand of the literature that we contribute to is the one that aims at estimating
trade elasticities, e.g., Egger et al. (2012), Simonovska and Waugh (2014), Soderbery (2015),
Giri et al. (2021), and Fontagné et al. (2022). Most recent, and most closely related to our
work is Fontagné et al. (2022), who use very disaggregated data on tariffs and the structural
gravity model to estimate a large number of (long run) trade elasticities at the product level.
Similar to Fontagné et al. (2022), we also rely on a version of the structural gravity model
to obtain estimates of the trade elasticities. The key differences are that we offer a dynamic
foundation for the evolution of the trade elasticity over time, and we obtain estimates of the
trade elasticities when we move from short to the long run.

We also contribute to the literature offering explanations of the international elasticity
puzzle.® Ruhl (2008) builds a model where the gap between the trade and the IRBC litera-
tures is explained by entry of new exporters who do not act in response to temporary shocks
but only in response to tariff decreases, which are permanent. More recently, Fontagné et al.
(2018) use French firm-level data to revisit the puzzle, and they conclude that it was even
more severe than originally thought. Yilmazkuday (2019b) solves the puzzle by building a
model of nested CES frameworks, which is consistent with the two literatures, and he shows
theoretically and empirically that the trade elasticity is a weighted average of the macro
elasticity. Yilmazkuday (2019a) uses a panel structural vector autoregressive model for the
imports of a single country (the United States) to obtain estimates of the trade elasticities

in the short and the long run. Our contributions in relation to these studies are that (i) we

6 “International real business cycle models need low elasticities, in the range of 1 to 2, to match the
quarterly fluctuations in trade balances and the terms of trade, but static applied general equilibrium models
need high elasticities, between 10 and 15, to account for the growth in trade following trade liberalization.”
(Ruhl, 2008). Ruhl dubs this discrepancy between the trade and the IRBC literatures ‘The International
Elasticity Puzzle’.



build a multi-country structural gravity model that captures transition via a time-varying
trade elasticity; (ii) our theory leads to a potentially important recommendation for estimat-
ing gravity with interval-pair fixed effects; and (iii) we identify the trade elasticity within an
empirical gravity setting with based on data on bilateral trade flows and tariffs.

Finally, most closely related in objective is Boehm et al. (2023). Both papers focus on
the gradual adjustment of trade flows to trade cost changes due to both observable tariff
changes and unobservable changes in bilateral trade costs. Boehm et al. (2023) fit the panel
variation of cross-border trade flows to trade cost panel variation distinguished by using a
local projections strategy to control for endogeneity of applied MFN tariffs at a much more
disaggregated level than our study. They obtain trade elasticities that vary from 0.76 in the
short run to about 2 in the long run and their analysis implies that the long run is reached
after 7 to 10 years.

Our approach differs from Boehm et al. (2023) methodologically and econometrically.
From a method’s perspective, our structural model of transition is based on bilateral mar-
keting capital adjustment, and the implication of our model for gravity estimations is the use
of time-interval pair fixed effects. Moreover, from an econometric perspective, our estima-
tions incorporate established recommendations for estimating gravity equations of bilateral
trade flows, while this is not the case in Boehm et al. (2023). For example, following Santos
Silva and Tenreyro (2006), who demonstrate that the OLS gravity estimates may be incon-
sistent, we rely on the Poisson Pseudo-Maximum-Likelihood (PPML) estimator to address
this challenge.

As a result, we differ from Boehm et al. (2023) in terms of main findings. Our long-run
trade elasticities are more than twice as large as those from Boehm et al. (2023). Specifically,
we obtain trade elasticities that vary between 0.4 (lower than their 0.7) in the short run to
about 5 (much larger than their 2) in the long run. Relatedly, our results imply that the
long run is reached after 14 to 15 years, 5 to 9 years longer than their estimate. Two possible

explanations for these difference could be (i) the fact that we rely on the PPML estimator,



and (ii) the use of domestic trade flows in our empirical analysis. The motivation for the
latter is that in the globalization era, the time series variation of the ratio of domestic to
cross-border trade tends to be large relative to the time series variation of ratios of cross-

border trade flows.

3 Theoretical Foundations

The objective of this section is to offer theoretical foundations for our empirical methods.
To this end, we capitalize on the common idea from some recent papers (e.g., Arkolakis
(2010), Drozd and Nosal (2012), Chaney (2014), Crucini and Davis (2016), Anderson and
Yotov (2020)) that the bilateral links between trading partners evolve dynamically over time.
Dubbing these links ‘bilateral capacity’ and using \;;; to denote them, our departing point
is the short-run gravity equation of Anderson and Yotov (2020):”

(1-a)p
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Here, following conventional notation, X;; denotes nominal bilateral exports (at end user
prices) from source i to destination j in year ¢. X;; also includes domestic trade, i = j. Y;,
is the value of gross output in source i, as share of world output ¥; = >, Y, and E;, is
the total expenditure in destination j on goods from all origins. Tj;, is a vector of bilateral
trade costs on shipments from ¢ to j at time ¢, including ad-valorem tariffs. 11, ; and 153»,,5 are
the equivalents of the multilateral resistance terms of Anderson and van Wincoop (2003),
and o is the elasticity of substitution between domestic and foreign varieties.

Two terms on the right hand side distinguish the short-run gravity model (1) from the
traditional, long term gravity model (e.g., Eaton and Kortum (2002), Anderson and van Win-

coop (2003), and Arkolakis et al. (2012)): (i) A;;; is a term that captures origin-destination-

"For the convenience of the reader, we include the derivations of equation (1) in the Supplementary
Appendix. For further details see Anderson and Yotov (2020).



specific investment (including domestic investment) in bilateral links — ‘bilateral capacity’,
which is consistent with the network link dynamics of Chaney (2014) or the ‘marketing
capital’ notion of Head et al. (2010); (ii) p € (0,1] is a micro-founded parameter, dubbed
‘incidence elasticity’, which is defined as a combination of the elasticity of substitution in
demand and the elasticity of supply. It captures the proportion by which the short run
trade elasticity is reduced from the long run trade elasticity, and when p = 1, equation (1)
collapses to the traditional, long-run gravity equation.

The main objectives of this paper are to describe the transition between the short and
the long run and to offer a simple method to implement this empirically in the lens of the
structural gravity model. Our departing point is the canonical Lucas and Prescott (1971)
adjustment formulation, which, given our bilateral setting, can be expressed as follows:

Nije = (N’ % Nig—1)' ™0, € (0,1, (2)
where, \;;; is the actual capacity at time ¢, \;;;—1 is the corresponding capacity in the
previous period, Aj;; is the desired (long run) capacity, and 0 is a parameter that combines
depreciation with costs of adjustment (e.g., as in Eaton et al. (2016) and Anderson et al.
(2020)).

The logic of (2) is shown from dividing through by A;;;—1:

* 1)

Nije < Aijit ) .

- I
/\ij,t—l )\ij,t—l

the speed of adjustment is § and the proportion of adjustment of \;; across the interval is

given by the right hand side. We introduce to this process a varying lag interval At, with
starting point time t — At. Thus 1/At is the original high-frequency lag and the longer
interval accumulates At original high frequency observations.

Inspired by the Lucas and Prescott (1971) adjustment process, we amend it to the fol-
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lowing Cobb-Douglas function:®

)\’ij,t - ()\*
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The proposed adjustment process specification modifies the original in two related ways.
First, we allow the depreciation-cum-adjustment parameter § to vary over time. Specifically,
we introduce a time-lag interval At that varies across specifications vs. the fixed At = 1 case
of Lucas and Prescott, so that the adjustment parameter da; also varies with the time lag
interval chosen. Thus, for any lag interval, At imposed on the data by the econometrician,
there is a potentially different adjustment parameter da;. Second, the lagged level of the
actual capacity variable Az is the arithmetic average of the within-interval actual values.

We believe that our first modification of the original LP-adjustment process is a plausible
improvement for the following reasons. Borrowing from the macroeconomics literature, the
variability of do; by length of the lag interval At may reflect a combination of a recognition lag
and an action lag (itself the sum of decision and implementation lags). From the perspective
of the firm-heterogeneity trade literature, the variation in do; may be due to heterogeneity
in the response rate of firms. It may also reflect possible non-linear effects of speed, as with
the classic logistic lazy S applied to the accumulation of inventory.® Finally, from a policy
perspective, a potential non-linear evolution of do; may explain the phasing-in effects of FTAs
that are well documented in the trade literature (Baier and Bergstrand, 2007; Anderson and
Yotov, 2016; Egger et al., 2022). Given the assumed adjustment process, note that “long
run” is associated with da; — 1 since this implies A;;; = Aj;, in equation (3). Based on this,
we anticipate that when we move from shorter to longer lag intervals, the inferred values of

0a¢ should increase and move closer to 1, its long-run theoretical bound.

iy * N
8The logic is a bit easier to see after dividing both sides of (3) by Aij+—at, /_\_%";ﬂ’fm = (- Aij.e ) " Log-
ij At

— Aij,tht
. _ . dlnXiji—dln g . . .
differentiating and rearranging terms, da; = dli S dlEXLM i”, the actual capacity rate of adjustment is a
T ij.t—At

fraction of the percentage difference between average current capacity and end-of-interval desired capacity.
Strictly applying the accumulation of the original formulation (2), da; = 0At.
9 Another motivation for this modeling choice is that longer lags are not as informative as shorter lags.
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We see four potentially important implications of the lag-interval-varying adjustment
parameter. First is a specification with lag-interval-varying trade elasticities. This enables
an elasticity transition from the short to the long run. Second, the structure may explain the
non-linear phasing-in effects of free trade agreements from the recent gravity literature, e.g.,
Egger et al. (2022). Third, lag-interval-rising trade costs are consistent with the rising cost
model of Arkolakis (2010), due to increasing difficulty of reaching new customers. Finally,
the time-lag variation of the trade elasticity has important implications for the quantification
and evolution of general equilibrium effects in response to trade cost changes.

The last step to the econometric model replaces the unobservable As with observables.
To do so, we adopt an ad-hoc structural approach. The agents know that long run efficient

*

X5 . ‘
where sj; = 32 is the efficient trade share for exporter 1,
i

*
177

allocation implies that A\}; = s
and we assume that they use a boundedly rational specification that replaces s;; with s;;;.

Thus, replace the unobservable \;; = s;; with s, and Nijt—ar With 3¢ a¢ in (3), which

ij
becomes:

_ Oargl—0ay
Nijir = Sijt Sij,At -

Substitute the right-hand side of the preceding equation in gravity equation (1). Then use

the definition of s;;; = % and solve for X;;;. The result is:

Proposition 1: Gravity in Transition.

(1—a)p

1=oai(1=p) (1=8p0)(1=p)
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Comparison between equations (1) and (4) reveals two important differences. First, the

exponent of the bilateral trade cost term is %, now lag interval-varying, i.e., the trade
costs elasticity (in absolute value) 6 = % is now varying over time-interval. da; is

the only lag interval-varying component of this term, so the sequence of lag-interval varying

12



trade elasticities is exclusively driven by interval-variation of the adjustment parameter.
Estimating 6, and its evolution over time are key objectives in the empirical analysis. 6
is increasing and convex in da,'° so the convexity/concavity of trade elasticity € in the lag

interval At depends on the profile of estimated da;s. Note that

the elasticity estimate approaches the theoretical long run trade elasticity.

The second difference between equations (1) and (4) is that the last term in equation
(4) is new, i.e., it does not appear in (1). Note that this term is directly linked to the
power on the trade costs through das. Specifically, our theory implies that the time-varying
trade costs elasticities that we will estimate would vary depending on the definition of the
interval that is used to construct 5;;;—a;. Note that as dn; — 1 the lag-interval average
share exponent in (4) representing capacity adjustment goes to zero, its long run value. The
practical importance of the adjustment term for estimation purposes is that it guides our
econometric specification. In particular, it motivates the use of flexibly defined interval-pair

fixed effects to control for the capacity adjustment term.

4 Estimating gravity from the short to the long run

This section describes a reduced-form gravity specification with lag-interval-pair fixed effects
based on the theory from the previous section. The reduced form extends several fixed effects
treatments from the empirical gravity literature.

Equation (4) motivates the use of three sets of fixed effects. The first two are the stan-
dard exporter-time fixed effects (7;,) and importer-time fixed effects (x;) to control for any
exporter-specific and importer-specific (time-varying) characteristics that may affect bilat-

eral trade flows. These include the multilateral resistances, output, and expenditure. The

10 _8ln@ _  dat(l—p)

Bnba; = T=oa(T—p)’ which is increasing in da;.

13



structural terms from equation (4), which are controlled for by the country-time fixed ef-

fects, differ from those in the standard, long run gravity literature, but the fixed effects fully

absorb all exporter-time and importer-time specific components of structural equation (4).
The third set of fixed effects comprises the lag-interval-time-pair fixed effects that control

(1=074)(1=p) o o )
for variation the average trade share term (5;;,a;) *°4¢0-# . In principle, it is possible to rely

(1—6&)(1—/3)) '

on actual trade data to capture this variable and to estimate its coefficient ( Toa(1p)

In turn, in combination with the estimate of the coefficient on tariffs <1f#&)ﬁp)> from
our structural model and with an external value of the elasticity of substitution (&), we
could recover the structural incidence parameter (p) and, more importantly, the sequence of
adjustment parameters (3At), which are of central interest to us.

The downside of using lagged/interval trade as a covariate is the well-known issue of a
potential dynamic panel bias (Nickell (1981) and Roodman (2009)), which may vary with
the length of the interval that we use. Thus, even if we use trade data that are consistent
with our model, we would not be confident whether the evolution of the transition parameter
that we will obtain is due to the forces that we model or to the dynamic panel bias of our
estimations.

To avoid such concerns, we will employ a reduced-form approach. Specifically, we will

rely on interval-pair fixed effects (yija¢)."

This approach has several advantages. First,
generating and adding fixed effects to the gravity model is easy to implement. Second,
the method is flexible, because the intervals can be defined over any desired time span,
which is consistent with specification (3). Third, the approach is comprehensive because, in
addition to controlling for averaged trade flows, the interval-pair fixed effects will capture
and absorb the effects of any other bilateral factors that may impact the adjustment of trade
costs. Fourth, on a related note and in the spirit of Baier and Bergstrand (2007), the use of

interval-pair fixed effects may further mitigate potential endogeneity concerns with bilateral

trade policy variables in the gravity model. Finally, the use of interval-pair fixed effects

1 As noted earlier, the use of interval-pair fixed effects is consistent with Baier and Standaert (2024), who
argue that the country-pair fixed effects in the gravity model may vary over time.
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would lead to better estimates of the vector of bilateral trade costs and their changes, which
may be very beneficial for counterfactual general equilibrium analysis.!?

The lag-interval-time-pair fixed effects approach comes with caveats. For example, the
interval-pair fixed effects may not allow identification of the effects of some covariates that
are of interest to the researcher. Moreover, setting the length of the intervals is somewhat
arbitrary, and this selection should be done carefully based on the features/dimensions of
the data and the specific policy that is being evaluated. Finally, from a structural estimation
perspective, we need external values for both p and & to recover the key structural parameter
of interest to us (0a;) from the estimate of the coefficient on tariffs. Fortunately, such
estimates are available in the existing literature and we will use them to recover estimates
of da; in the empirical analysis.

Note, however, that no external parameters are needed to capture the change profile
of the adjustment parameter. da; is the only time-varying component in the coefficient on
tariffs (%). Inference about the rate of change of da; is based on the differences
across lag interval specifications in the estimates of the coefficients on tariffs. The change
profile allows us to ‘test’ some existing theories of the dynamic evolution of bilateral trade
costs, e.g., Arkolakis (2010), in the empirical analysis.

Two steps complete the specification of our econometric model. First, we introduce two
policy covariates: (i) a dummy variable for the presence of free trade agreements between
countries ¢ and j at time t (F'TA;j,); and (ii) the log of applied tariffs (LN _TARIFF;;, =
In(1 + tar;;,)), where tar;;, is the applied ad-valorem tariff on imports in destination j
from source i. Our primary focus in the empirical analysis would be on the estimates of the
coefficients on tariffs. We also analyze the implications of lag interval variation for explaining
the phasing-in profile of the FTA estimates (e.g., Baier and Bergstrand (2007), Anderson
and Yotov (2016), Egger et al. (2022)).

I2Note also that, even though this is not the objective of the current paper, in principle, it should be
possible to recover the distribution of estimated time-varying bilateral trade costs, which could be useful for
many reasons.
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Following the recommendations of Santos Silva and Tenreyro (2006), we estimate the
model with the Poisson Pseudo-Maximum-Likelihood (PPML) estimator, which simultane-
ously accounts for heteroskedasticity in the trade data and takes into account the information

that is contained in the zero trade flows. Based on the above, our estimating model becomes:
Xije = exp[BiFT Ay + BoLN TARIF Fijy + iy + Xji + Viae) + €5 Vi, jit. (5)

The dependent variable in (5) is nominal (Baldwin and Taglioni (2006)) bilateral trade
flows in levels, including domestic trade flows (Yotov (2022)), and, following the recent
recommendations of Egger et al. (2022), we use data for all years in the sample. We employ
equation (5) to obtain the results in Section 6. >_; A;; = 1 in our structural model, so we
drop the domestic marketing capital share transition as redundant in applying the set of
interval-pair fixed effects.’®> We further restrict the change in all cross-border pairs to be
uniform: cross-border marketing capital rises at a common rate toward its ideal value. This

reduces the theoretical contribution of the transition rate to the estimated (5 to a common

OAt-

5 Data: Description and Sources

To highlight our methodological contribution we rely on an existing dataset that is consistent
with our theory, and which has been used in several studies. Specifically, to perform the
empirical analysis, we use the dataset of Baier et al. (2019), which covers international and
domestic aggregate manufacturing trade, free trade agreements, and tariffs for 52 countries

over the period 1988-2006.*

13While we find it intuitive to estimate international costs relative to domestic costs, the choice of dropping
the domestic marketing share is inconsequential for the current purposes, i.e., our estimates would not change
if we used a different reference group.

14The 52 countries/regions in the sample include: Argentina, Australia, Austria, Bulgaria, Belgium-
Luxembourg, Bolivia, Brazil, Canada, Switzerland, Chile, China, Colombia, Costa Rica, Cyprus, Germany,
Denmark, FEcuador, Egypt, Spain, Finland, France, United Kingdom, Greece, Hungary, Indonesia, Ireland,
Iceland, Israel, Italy, Jordan, Japan, South Korea, Kuwait, Morocco, Mexico, Malta, Myanmar, Malaysia,
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Three advantages of their dataset make it useful for our purposes. First, its long time
coverage enables us to estimate when the long run is reached. Second, their dataset includes
data on tariffs. Finally, the dataset includes consistently constructed domestic and inter-
national trade flows. As demonstrated in the empirical analysis, this variation is crucial to
identify the profile of short to long run elasticities.

The only adjustment to the original sample is to drop the year 1988. The remaining 18
years of data enable estimations with balanced intervals of 3 years, 6 years, 9 years, and 18
years. Conclusions do not change with 1988 added to the sample with a shift in the first
interval in each specification by one year.

The sources for the original data are standard and summarized as follows. Trade data
come from the UN COMTRADE database, accessed via WITS. Domestic trade flows are
constructed as apparent consumption, i.e., as the difference between the gross value of total
production and total exports, and the data on total gross production come from the CEPII
TradeProd database and UNIDO IndStat database. The original source of the tariff data is
the United Nation’s TRAINS database, and tariffs are aggregated to the level of the current
analysis with import shares used as weights. Finally, the data on free trade agreements
(FTAs) come from the NSF-Kellogg Database on Economic Integration Agreements of Jeff
Bergstrand. For further description of the main dataset we refer the reader to Baier et al.

(2019).

6 Estimation results and quantitative implications

Our main findings are presented in Table 1. The estimates in each of the four columns of this
table are based on specification (5) with the only difference that, when we move from column
(1) to column (4), we change the time-interval restriction on the contemporaneous common-

across-pairs definition of 7;;A;. Specifically, the estimates in column (1) are obtained with

Netherlands, Norway, Philippines, Poland, Portugal, Qatar, Romania, Singapore, Sweden, Thailand, Tunisia,
Turkey, Uruguay, and the United States.
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3-year interval-pair fixed effects, which are constructed as the interaction between the pair
fixed effects and 3-year intervals, i.e., 1989-1991, 1992-1994, ..., 2004-2006. The estimates in
column (2) are obtained with 6-year interval-pair fixed effects, the estimates in column (3)
are obtained with with 9-year interval-pair fixed effects, and, finally, the estimates in the last
column are obtained with pair fixed effects that do not vary over time, i.e., for the whole

18-year period.

Table 1: Trade elasticities: From the short to the long run

(1) (2) (3) (4)
3YRS  6YRS  9YRS  18YRS

LN_TARIFF  -0.352  -1.369  -1.861  -4.826
(0.112)™  (0.229) (0.378)™  (0.524)""

FTA 0.028 0.096 0.180 0.224
(0.024)  (0.037)™ (0.054)*  (0.059)**

N 48078 48390 48510 48636

Notes: This table reports gravity estimates of the effects of tariffs and FTAs.
The results in each column are based on specification (5) and all estimates are
obtained with the PPML estimator and exporter-time, importer-time, and direc-
tional country-pair fixed effects. The only difference when we move from column
(1) to column (4) is that we change the definition of the pair fixed effects. Specif-
ically, the estimates in column (1) are obtained with pair fixed effects that vary
by 3-year intervals, the estimates in column (2) are obtained with pair fixed
effects that vary by 6-year intervals, the estimates in column (3) are obtained
with pair fixed effects that vary by 9-year intervals, and, finally, the estimates in
the last column are obtained with pair fixed effects that do not vary over time.
Standard errors are clustered by country pair. T p < 0.10, * p < .05, ** p < .01.
See text for further details.

Five findings stand out from Table 1. First, the estimates on tariffs in each column
are negative and statistically significant. This confirms that, as expected, tariffs are an
important impediment to international trade.

Second, the estimate with the 3-year interval-pair fixed effects is significantly smaller
than one. This result is consistent with our theory of the composite trade elasticity that
combines bilateral supply side elasticities with the CES demand elasticity greater than one
that is required for profit maximization in monopolistic competition. We also note that,
as compared to the rest of the results in Table 1, the estimates from column (1) are most

vulnerable to the impact of outliers because they are obtained from the specification with the

largest number of pair fixed effects, which leaves us with relatively few degrees of freedom.
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Third, and most important for our purposes, we see from Table 1 that the estimates of
the effects of tariffs increase in absolute value when we move from column (1) to column
(4), varying from 0.4 to 1.4, to 1.9, and 4.8. This reveals that, as predicted by our theory,
the trade elasticity gradually increases when we move from the short-run (macro) to the
long-run (trade) trade elasticity. This is our solution to the ‘international elasticity puzzle’.

Fourth, on a related note, a broad (and somewhat obvious) implication of our analysis is
that the estimates of the trade elasticity depend on the the length of the time period used to
obtain them. Thus, one should be careful when comparing elasticity estimates from different
studies, and do so only after conditioning on the time-spans of the samples used.

Fifth, we obtain positive estimates of the impact of FTAs, which increase in magnitude
and statistical significance when we move from column (1) to column (4). The positive and
significant estimates reveal that FTAs have promoted trade among FTA members beyond
that accounted for by decreasing tariffs. Our structural transition model associates this with
transitional increases in cross-border bilateral marketing capital.

We visualize the evolution of the trade elasticities that we obtain in Figure 1, where
we plot the tariff estimates, along with the corresponding confidence intervals, in absolute
value. As expected, Figure 1 confirms the monotonic increase in the trade elasticity over
time. Moreover, the plot suggests that the evolution of the trade elasticity estimates may
not be linear. To facilitate such interpretation, and to further test and reinforce our previous
conclusions, we report two additional long-run estimations, where we limit the estimating
sample to 12 years and 15 years, respectively, and we use time-invariant pair fixed effects.

The estimates of the coefficient on tariffs that we obtain with the 12-year and the 15-year
samples are -2.447 (std.err. 0.445) and -3.519 (std.err. 0.530), respectively, and we plot them
(in absolute values) together with the previous elasticity estimates in the top panel of Figure
2. The new results validate and complement our previous findings. Specifically, they confirm
and reinforce the increasing trend in the trade elasticity parameters when we move from the

short to the long run. In addition, and more important for the current purposes, the new
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Figure 1: Trade elasticities: From the short to the long run
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Note: This figure plots estimates of the short and the long run trade elasticities that we report in
Table 5, along with their corresponding confidence intervals. All are based on specification (5) and are
obtained with the PPML estimator and exporter-time, importer-time, and directional country-pair
fixed effects. The only difference when we move along the X-axis is that we change the definition of
the pair fixed effects, which vary from 3-year, to 6-year, to 9-year, to 18-year interval-pair fixed effects.
Standard errors are clustered by country pair.

results make the non-linear evolution of the trade elasticities clearer and more pronounced.
While it is possible that some of the non-linear effects that we obtain may not be significant
in statistical sense, we find the evolution of the trade elasticities that we obtain intuitive and
consistent with some existing theories.

To highlight the non-linear evolution of our trade elasticity estimates, in the bottom
panel of Figure 2 we draw a fitted curve that traces their evolution from the short to the
long run. We dub this curve the “Trade Elasticity Curve”. We attribute the Trade Elasticity
Curve’s shape as primarily due to the impact of information on the transitional adjustment
of marketing capital. The speed of adjustment rises with the number of past observations

due to the benefit of more information, but at a decreasing rate as more distant observations
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are added. The concavity of the speed of adjustment interacts with the convexity of the
structural trade elasticity in the speed of adjustment that was noted in Section 4. Our
results are consistent with the theory of increasing marginal costs of trading from Arkolakis
(2010).

In addition to drawing implications about the rate of change of the adjustment parameter,
our theory allows us to actually recover the estimates of da;. To this end, we rely on the
structural interpretation of the coefficient on tariffs and we borrow estimates of the elasticity
of substitution and the incidence parameter from the literature. Specifically, we use 6 = 4.14,
which comes from Simonovska and Waugh (2014), and p = 0.2, which comes from Anderson

and Yotov (2020), to solve:

G = (M) . ©)
Ba(1=p)

The resulting adjustment parameters vary from -0.905 (std.err. 0.682) with the 3-year interval-

pair fixed effects, to 0.689 (std.err. 0.092) with the 6-year interval-pair fixed effects, 0.835

(std.err. 0.082) with with 9-year interval-pair fixed effects, 0.932 (std.err. 0.056) with the

12-year sample, 1.026 (std.err. 0.032) with the 15-year sample, and 1.084 (std.err. 0..017)

when we use time-invariant pair fixed effects with 18-year sample.

Overall, we find these estimates mostly plausible and consistent with theory. Several
findings stand our from these estimates. First, even though not statistically different from
zero, the short-run (3-year interval) estimate of d5; is negative. As noted earlier, this may be
due to influence by outliers. Second, as predicted based on our theory, the estimates of the
adjustment parameter increase over time with the increase of the intervals we use. Third,
the estimate that we obtain with the 15-year sample and time-invariant pair fixed effects is
not statistically different from one, suggesting the the long run in our sample is reached in
about 14-15 years.

FTAs have been one of the most widely studied variables in gravity models and there
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Figure 2: The Trade Elasticity Curve
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Note: This figure replicates the results from Figure 1 with two additions. First, the top panel of
the figure introduces two more estimates, which are obtained with time-invariant fixed effects and
are based on 12-year and 15-year samples, respectively. In addition, the bottom panel of the figure
connects the elasticity estimates to form a Trade Elasticity Curve. See text for further details.
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is significant evidence that the phasing-in effects of FTAs follow a convex path, i.e., over
time, they increase at a decreasing rate (Baier and Bergstrand (2007); Anderson and Yotov
(2016); and Egger et al. (2022)). The non-linear evolution of the effects of FTAs was one of
our motives to amend the LP formulation in order to allow for non-linear adjustment. Our
goal in the next experiment is to check whether and how much of the non-linear evolution
of the effects of FTAs over time can be explained by our theory and what is left for their
direct elasticity to explain.

To this end, we note that, unlike tariffs, the estimates of all other standard gravity
variables in gravity regressions (e.g., distance, contiguity, FTAs, etc.) are a product of the

tgii—zgl__p’;) from equation (4) and another elasticity term (which we

structural power term
would call ‘direct elasticity’) that is specific to the gravity variable in question. Applied to

FTAs, the coefficient of the effects of FTAs in our setting can be expressed as follows:

(1 —0a:)(1—p)
1 —=0da(1 = p)

B = X Brra = B2 X Brra, (7)

where, 5, captures the total effects of FTAs on bilateral trade flows, and Spr4 is the ‘direct
elasticity’ of bilateral trade with respect to FTAs.

Figure 3 presents our findings. The figure plots two sets of estimates that correspond to
each of the specifications from Table 1. Specifically, for each interval, the ‘blue’ estimates,
along with the corresponding 95% confidence intervals (in red), are obtained as the exponent
of the FTA estimates (Bl) from Table 1. We label these estimates ‘total’ FTA effects. The
‘green’ estimates, along with the corresponding 95% confidence intervals (in orange), are
obtained as the exponent of the ratio between the F'T'A and the LN _TARIFF estimates
from Table 1. Thus, the green estimates are designed to capture the impact of the changes
in the direct FTA elasticity (8pra) in the evolution of the total FTA effects.

Two findings stand out from Figure 3. First, the evolution of the blue estimates, i.e.,

the total FTA effects, is consistent with the corresponding indexes from the literature, e.g.,
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Figure 3: Evolution of the FTA estimates
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Note: This figure plots estimates of the short and the long run FTA elasticities. Both sets of elasticities
are obtained from the estimates from specification (5) with the PPML estimator and with exporter-
time, importer-time, and directional country-pair fixed effects, which are reported in Table 1. The
‘blue’ estimates, along with the corresponding 95% confidence intervals (in red), are obtained as the
exponent of the FTA estimates from Table 1. The ‘green’ estimates, along with the corresponding
95% confidence intervals (in orange), are obtained as the exponent of the ratio between FTA and the
tariff estimates from Table 1. See text for further details.

Egger et al. (2022). Specifically, we observe a gradual increase over time of the effects of
FTAs, which becomes slower over time. Second, and more important for our purposes, we
see that the evolution of the direct FTA elasticity (the green estimates) over time is relatively
flat. The implication is that our theory explains quite well the evolution of the total FTA
effects in our sample, and we do not find evidence that the ‘direct elasticity’ of trade with
respect to F'TAs varies over time.

As discussed in the literature review section, in a recent and closely related application,
Boehm et al. (2023) propose and implement a clever identification strategy to estimate the
evolution of the trade elasticities from the short to the long run. A key difference between

our findings and their results is that they obtain a long run trade elasticity estimate of about
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2, while our long run estimate is about 5. In our next experiment we explore a potential
source for the puzzling gap between the two sets of estimates and propose a simple solution

— the use of domestic trade flows.

Figure 4: Evolution of the trade elasticities: International data
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Note: This figure replicates the results from Figure 2 but only based on international data. Specif-
ically, the estimates are based on specification (5) and are obtained with the PPML estimator and
exporter-time, importer-time, and directional country-pair fixed effects. However, instead of using
international and domestic trade flows, we only use international trade flows. See text for further
details.

Figure 4 replicates the results from Figure 2 with the only difference that, instead of
using both international and domestic trade flows, we only rely on international trade flows,
i.e., as in Boehm et al. (2023). We draw two main conclusions based on the estimates from
Figure 4. First, they confirm and reinforce our previous conclusions about the evolution of
the trade elasticity, i.e., (i) that the trade elasticity is increasing when we move from the
short to the long run, and (ii) that, initially, it is increasing at a decreasing rate and then at
an increasing rate. Second, and more important for the current purposes, we find that the

trade elasticities that we obtain without the domestic trade flows are significantly smaller
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than the corresponding indexes from Figure 1 and, in fact, smaller than one. The implication
is that the use of domestic trade flow may be one reason for the discrepancy between the
long run trade elasticities in our analysis and those from Boehm et al. (2023).

We offer two related explanations for why the use of domestic trade flows may lead
to such substantial changes. First, recognizing that the structural gravity model can only
identify relative trade costs, our theory of the transition process is that the bilateral capacity
shares are moving — all else equal, the cross border shares are rising and the domestic
share is necessarily falling. Dropping the domestic trade observations identifies transition
off variation within cross-border trade only. The effect of this on the estimate of the trade
elasticity using tariff variation is to lower it in absolute value, because we now have much
less variation in the cross-border trade flows relative to each other (rather than relative to
domestic trade). Second, on a related note, the use of domestic trade flows enables us to
explicitly capture the substitution effects between domestic and foreign varieties as opposed
to substitution among the foreign varieties themselves, i.e., when only international trade
flows data are used.

To further demonstrate the robustness and flexibility of our methods, we also obtain
short vs. long run elasticity estimates by country. To this end, we amend equation (5) to
allow for country /importer-specific effects of tariffs. Even though the resulting specification
becomes more demanding in terms of the number of parameters that we are after, we still
estimate the short-run model with 3-year-pair fixed effects, which corresponds to the results
from column (1) of Table 1, and we compare it with the long run model with pair fixed
effects that do not vary over time, i.e., the one corresponding to column (4) of Table 1. Our
results are reported in Figure 5, where we take the absolute value of the estimates and we
sort them in an increasing order based on the estimates from the short run specification (i.e.,
the one with the 3-year-interval pair fixed effects). In addition to the point estimates, we
also include the 95% confidence intervals from the short run specification.

Four main results stand out from Figure 5. First, most of the trade elasticities that
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Figure 5: Short vs. long run elasticities by country
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Note: This figure plots estimates of the short and the long run trade elasticities. Both sets of
elasticities are obtained from specification (5) with the PPML estimator and with exporter-time,
importer-time, and directional country-pair fixed effects. The only difference between the two sets of
elasticities is that the short run elasticities are obtained with pair fixed effects that vary by 3-year
intervals, while the long run elasticities are obtained with pair fixed effects that do not vary over time.
See text for further details.

we obtain are positive and statistically significant, as expected.!'® Second, the estimates
of the trade elasticities vary within reasonable bounds. However, third, they are quite
heterogeneous across the countries in our sample. This finding has potentially important
implications for welfare analysis with the structural gravity model, which often are performed
with a single trade elasticity estimate that is common across countries. Finally, consistent
with the results from Table 1, and most important for our purposes, with relatively few
exceptions, the long run trade elasticities that we obtain are larger than their short run

counterparts.

15To improve the clarity of Figure 1, we have dropped the elasticity estimates for three countries (Qatar,
Kuwait, and Malta), because the corresponding short-run tariff estimates were very large in absolute value
and, actually, positive.
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7 Conclusion

We propose a gravity model for adjustment from the short to the long run, which is based
on a theoretical setting that amends the standard Lucas-Prescott adjustment process to
allow for non-linear rate of change of the adjustment parameter. Our theory motivates a
simple and flexible reduced-form econometric approach to estimate gravity models in the
short vs. the long run with the use of interval-pair fixed effects in an empirical specification
that is representative of several alternative theories of bilateral adjustment in trade costs.
We highlight the validity of our methods with an application that solves the ‘international
elasticity puzzle’. Specifically, we obtain trade elasticities that vary between 0.4 and 4.8
when we move from the short to the long run. Consistent with theory, we obtain short
run trade elasticity that is smaller than one. We also use our results to test and confirm
the theory of increasing marginal trading costs from Arkolakis (2010) and to explain the
evolution over time of the FTA estimates in gravity models. Our estimates imply that a
long-run equilibrium in our sample is reached in 14-15 years and that comparisons between
trade elasticities from different studies should be conditional on the length of the time span

of the corresponding estimating samples.
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Appendix: Short run gravity (Anderson and Yotov, 2020)

This Appendix is not intended for publication. It is only included for the convenience of
the reader. In what follows, we have just copied and pasted the derivation of the short-run
gravity model of Anderson and Yotov (2020) (see Proposition 1 below), which appears as
equation (1) in the main text of the current paper.

An origin region ¢ produces and ships a product to potentially many destinations j.
Distribution on each link requires labor and capital in variable proportions, multiplicatively
amplified by iceberg trade and production cost factors t;;. t;;s differ across origin-destination
pairs according to bilateral geographical features such as distance and borders and other
familiar variables in the gravity literature. Cost-minimizing allocation of resources implies
that bilateral trade destinations are imperfect substitutes. One factor is variable in the short
run — labor that can be freely allocated across destination markets — while capacity is fixed
in the short run in each network link.

The model represents trade from each origin that requires destination-specific “marketing
capital” that is committed (sunk) before the allocation of labor. “Marketing capital” is
left vague to encompass both network connections (links between counter-parties that are
inherently specialized and fixed in the short run) and physical capital particularized to serve
a particular destination. The idea of a retail network in Crucini and Davis (2016) is similar.

Bilateral production and trade from origin ¢ to destination j is formally modeled as a
Cobb-Douglas function of labor L;; and capital Ki;: x5 = (1/ti;) K “Lg;. x5 is delivered
product. ¢;; > 1 is the iceberg-melting parameter from origin ¢ to destination j, a penalty
imposed by ‘nature’ relative to the frictionless benchmark ¢t = 1. ¢;; also incorporates a pro-
ductivity penalty in the usual sense that would apply to all destinations j uniformly. In the
empirical application, ¢;; will include tariffs and the effects of free trade agreements. With
all inputs variable (in the long run), the production function has constant returns to scale.
In the short run with Kj; fixed, decreasing returns dominate. For now, all firms are identi-

cal in any origin, aggregating to an industry with the representative firm’s characteristics.
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(Essentially the same short run gravity model extends to incorporate fixed infrastructure
at each location and time, adding location-time-specific productivity shifters controlled for
econometrically with location-time fixed effects.)

For the origin sector as a whole, labor supply L; is drawn from a national labor market in
an amount satisfying the value of marginal product condition at the national wage rate w;.
The labor market constraint on short run allocation across destinations is L; = Z?:o L;;.
Destination j = n is at the extensive margin, determined outside the model. L; is efficiently
allocated across destination activities with value of marginal product equal to the common
wage: w;L;; = a(p;j/tij)xi;. Delivered price p;; in competitive equilibrium covers costs:
w;Li; + 1i;Ki; = (pij/tij)rij where r;; is the realized (residual) return in origin ¢ on the
specific capital for delivery to destination j.

The representative firm in the origin sector effectively maximizes the value of delivered

product to all destinations by efficiently allocating labor L;; across destinations j:

n
ij 1—
max Y “LKGTOLY | ) Ly < L.
Yoj=0 " j
The value function works out to be'®

Y; = L{K; Py, (8)

16The value of sectoral production at delivered prices in the origin country is equal to its cost: Y; =
> pij/tij)zi; = > ;wili; + ri;Kj]. The efficient allocation of labor across destinations implies w; =
a(pij/tij)L%flKij, Vj. Solve for L;j;, substitute into the sectoral labor market clearance condition, and
solve for the willingness to pay for sectoral labor:

l1—a

w = L{ o | Y Ko (pig /1) /07
j

Multiply and divide the right hand side by Kil_o‘ and multiply both sides by L;. The resulting wage bill
is w;L; = aLf‘Kil_“Pi = the aggregate cost of production and delivery is the value function. The setup
here applies the specific factors production model of Anderson (2011) to production cum distribution over
destinations for a single sector.
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where the joint product deflator P; is
Pi= > Nij(pi/tig) /O (9)
0

and \;; = K;;/K; and K; = ) i K;;. The real activity of production and delivery to many
destinations

R = LYK} ™

in (8) is multiplied by the joint product deflator or ‘average net price’ P; that embeds efficient
allocation of labor.

The equilibrium share of sales to each destination j, applying Hotelling’s Lemma to (8)

.\ M)

The equilibrium delivered price p;; from origin 7 to each destination market j is endoge-

and (9), is

nously determined by the supply side forces described in (8)-(10) interacting with demand
forces described by CES preferences or technology (in the case of intermediate goods) over
goods differentiated by place of origin.

Gravity modeling covers distribution from many origins to many destinations. The de-

mand side of the model assumes a CES expenditure share for goods from origin ¢ in desti-

Xij i\
i = (ﬁ%) . (11)

J J

nation j given by

Here, X;; denotes the bilateral flow at end user prices, £; denotes the total expenditure in
destination j on goods from all origins serving it, 3; is a distribution parameter of the CES
preferences/technology, ¢ is the elasticity of substitution, and P; is the CES price index for
destination j.

The market clearing condition for positive bilateral trade from seller i (henceforth a
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subscript denoting origin) to j is

si;Yi = Xy

Using (10) for s;; and (11) for X;; in the market clearing condition to solve for the equilibrium
price p;; yields:
1/(n+o—-1)

E.pPo1gl=o1t. . P,]"
177 62 [ J ] : (12>

Yok

Dij =

where n = 1/(1 — a) > 1 is the supply elasticity. The short run equilibrium price in
origin-destination pair in (12) is an intuitive constant elasticity function of demand shifters
Eij(’_l, supply shifters ¥; and P;, and the exogenous bilateral friction components in ¢;; and
the contemporaneously exogenous bilateral capacity A;;. The intuitive notion of a bilateral
trade cost corresponds to p;;/pio, so bilateral trade cost is endogenous.

Incidence of trade costs to buyers is given by the buyers’ incidence elasticity 01lnp;;/0Int;;
n/(n+ o — 1) = p. The incidence elasticity p (dropping “buyers” for brevity) plays a key
role in the gravity representation of the model. p has a deep micro-foundation as a com-
bination of the demand elasticity parameter ¢ and the supply elasticity parameter 7, itself
microfounded in the equilibrium of distribution based on the Cobb-Douglas specific factors

model. p is increasing in 7 and decreasing in .17

Gravity in Short Run and Long Run

The gravity representation of short run equilibrium trade derives from exploiting the prop-
erties of market clearance globally, embedding the bilateral market clearance (12) along with
the budget constraints that are part of the CES demand system. The global market clear-
ing condition for Y; implies multilateral resistances for sellers. Substitute (12) into (11),
then multiply by E; and sum over j to obtain the global demand for Y¥;. Collect the terms

for Y; on the left hand side of the market clearance condition and simplify the exponents

"Equation (12) can, in principle, account for substantial variation in prices across time and space. Rents
to the sector specific factor similarly vary. Rents are competitive in the model, so pricing to market behavior
in the usual sense is not implied.
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l1—plc—1)/n=ponY;and (¢ —1)/(n+0c—1)=1—pon \;. The result is
Yf =B 10)2 B Pr 1t N,
Divide both sides by Y”. The result is

[Er = [BPIL]0 ) =

<l

e ~ [P (13)

where outward multilateral resistance is

E. P t. - (1-a)p
mrr=3 (7) (p) A" (14)
J

J
The left hand side of (13) is recognized as a CES share equation for a hypothetical world
buyer on the world market, with a world market price index for all goods equal to 1. Short
run multilateral resistance in (14) is a CES function of bilateral relative trade costs ¢;;/F;,
where the elasticity of short run substitution is (1 — o)p. II; is homogeneous of degree one
in {¢;;} for given {P;}.

The gravity representation of trade also requires using a relationship between the buyers’
price index (an implication of the budget constraint of the CES demand system) and relative
trade costs. Substitute (12) in the CES price definition P}~7 = 3~ [3;p;;]' . Then use (13)
to substitute for [3;P;]' 7 in the resulting equation. After simplification this gives the short

run price index as

E. —(1-p) Y. /[t (1-o)p
(1=o)p _ J i [ lij 1—
nr=(3) Ty(E) e

)

Buyers’ price index P; is the product of a size effect [E;/Y]~17#) and buyers multilateral

resistance:

puor N~ Yo (L (I_U)pA“P Vv (15)
i _Zy I, ij o V)

7
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P; is also interpreted as the buyers’ short run overall incidence of trade costs. Simplifying

the CES price index, P; = [E;/Y]0-?/(e=0rP,  Higher relative demand E;/Y raises P,

given ﬁj due to fixed capacities {)\;;Y;}. In long run gravity, as effectively n — oo, p — 1
and the buyers’ market size effect vanishes from the price index P;.
Use P}lfg)p = [E;/ Y]_(l_p)ﬁj(lfa)p in sellers’ multilateral resistance (14) to yield the

more intuitive equivalent form

o (4 (1-o)p
(1-0)p _ i [ i 1p -
J

The final step in deriving short run gravity is to substitute the right hand side of (12)

for p;; in (11) and use (13) to substitute for [3;P;]'~7 in the resulting expression. After
simplification using incidence elasticity p = n/(n + o — 1), this gives:!®
Proposition 1: Short Run Gravity. Short run gravity trade flows are given by:
(1-0)

Y.E, ’

ij - T

ti;

— AP (17)
il

v

where the multilateral resistances 11;, ]BJ are given by (15)-(16).

The first term on the right hand side of (17) is the frictionless benchmark flow at given
sales Y; and expenditure F;. The middle term is the familiar effect of gravity frictions, the
ratio of bilateral to the product of buyers’ and sellers’ multilateral resistance. The difference
is that the short run trade elasticity is reduced in absolute value to (1 — o)p. The last term

)\2-1]7” captures the effect of investment in capacity on link ij. Dividing both sides of (17) by

8Xij = Ej(Bipii)' =7 = Ef[ti;/ Pj] =P\ " H; where H; = [P} =7PY; )77, Substitute [Y;/YTI}~7)°
for [3;P;](1=)7 in H; and replace Pj(l_a)” with [Ej/Y]*(lfp)Pj(l_U)p. Rearranging the result yields equation
(17).
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the frictionless benchmark, size adjusted trade is

X, (1-o)p

YV.E/Y

I, P,

1-p
ij

a geometric weighted average of long run gravity frictional displacement and short run link
capacity allocation.

Intuition about short run gravity system (15)-(17) is aided by considering an equipro-
portionate change in all bilateral trade costs ;;: tzlj = ,ut?j. Intuitively, bilateral trade flows
should be unchanged because no relative price changes. Checking the system (15)-(16),
{ﬁz, II;} are homogeneous of degree 1/2 in {¢;;}, hence buyers’ and sellers’ multilateral resis-
tances change by 1'/? so indeed bilateral trade flows are constant. As with long run gravity,
system (15)-(16) solves for multilateral resistances up to a normalization. Multilateral resis-
tances retain their interpretation as sellers’ and buyers’ incidence of trade costs.

Over time the short run allocation of destination specific capital {\;;} presumably moves
toward the long run efficient level. (Whether the short run allocation is efficient or not
depends on initial conditions and adjustment costs that are outside the model.) The long
run efficient allocation matches the long run demand pattern, so that the short run gravity
equation (17) approaches the long run gravity equation, intuitively equivalent to p — 1.

The preceding derivation of (17) combined with (14) and (15) uses for simplicity the
Armington CES/endowments setup of Anderson and van Wincoop (2003), but essentially
the same short run gravity structure emerges when the supply structure (more realistically)
includes an extensive margin in addition to the intensive margin above. The composite
supply elasticity combines intensive margin elasticity 1 above with an extensive margin
elasticity based on the dispersion parameter 6 of the Pareto productivity distribution. The
composite supply elasticity is 7 = n(1+ 60 —n) < n for the realistic case § < n, the necessary
and sufficient condition for the average productivity of firms serving a destination to be rising

in net sellers’ price p;;/t;;. The incidence elasticity becomes p = 77/(n+0—1) < p for <.
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The extensive margin parameter 6 plays a role below in discussing the implications of the
estimated p for the underlying structural parameters. Short run gravity also encompasses
the Eaton and Kortum (2002) interpretation of gravity based on heterogeneous productivity
draws in a Ricardian model. Thus, the short run gravity model developed here extends to

the wide class of models described in Arkolakis et al. (2012).
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