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Abstract

International trade flows show strong persistence over time. Standard static gravity models
cannot rationalize this persistence and lack a micro-foundation for including lagged trade flows
as a determinant of current trade. We develop a structural dynamic gravity framework in which
persistence arises from firms’ sluggish adjustment of destination-specific prices, analogous to
sticky prices in macroeconomics but operating at the bilateral level. The model delivers a gravity
equation with lagged trade flows as a structural feature rather than an ad hoc add-on. We
propose a novel estimation approach for dynamic gravity models that explicitly accounts for
persistence. Empirically, we show that ignoring persistence can lead standard gravity estimates
to substantially understate the effects of trade policy changes. As an application, we find that
the estimated trade impact of regional trade agreements can increase by 30 percent or more once
persistence is taken into account.
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1 Introduction

The gravity framework is one of the most popular empirical models in economics and the workhorse
for empirical research and policy analysis in international trade. If lagged trade flows are included
as a regressor in an otherwise standard gravity specification, they are not only highly significant
but also boost the explanatory power of the regressionﬂ Bilateral trade flows therefore appear to be
persistent. However, such empirical evidence of persistence in trade flows does not sit easily with
the theoretical foundations of the gravity equation. In the standard gravity framework, lagged trade
flows from previous periods should not matter as an explanatory variable. As the standard gravity
framework is a static model, there is no theoretical justification for including past trade flows.

The empirical importance of lagged trade flows hints at the relevance of shocks that leave a
dynamic bilateral footprint. Such shocks are not absorbed by time-invariant bilateral fixed effects.
Neither can they be explained by unilateral shocks (such as productivity or demand) at the level of
exporters or importers. Those shocks would be absorbed by exporter-time and importer-time fixed
effects.

In this paper, we incorporate trade flow persistence into a dynamic gravity framework. We set
up a dynamic model of international trade under monopolistic competition. In our model, firms
face sticky prices in destination markets similar to |Calvo|(1983) but at the bilateral level. That is,
in each period, some firms can optimally adjust their prices in the destination markets, whereas
other firms cannot. This setup leads to a gravity equation with bilateral persistence. We show that
not taking into account persistence can have substantial implications for the evaluation of trade
policies.

In the steady state, i.e., in the absence of shocks, our model nests the static structural gravity
framework as in/Anderson and van Wincoop, (2003). But in response to a trade cost shock, bilateral
trade is characterized by two types of trade flows: those by firms setting prices flexibly and those
by firms subject to price stickiness. We show that the two types of trade flows can be represented by
a two-part gravity equation: one part related to flexible-price flows, which follows the standard
gravity form, and the other part related to sticky-price flows, which has lagged trade flows as an
independent variable. Using the two-part gravity equation, we obtain estimates of the degree of
stickiness in the data, and recover the implied steady-state elasticity of trade cost shocks. In a
nutshell, we provide a micro-foundation for why lagged trade values enter an otherwise standard
gravity equation.

To motivate our approach, we argue that the adjustment to shocks and trade policies, such as
the conclusion of trade agreements or sanctions, takes time. This adjustment affects their impact on
trade flows and must be taken into account for proper quantification. In our empirical application,
we obtain a smaller elasticity of trade flows with respect to trade cost shocks in the transition phase
when stickiness is still present in the system, and a stronger trade elasticity in the new steady state
when stickiness has dissipated. The difference between the transition and steady-state elasticities

implies a difference between the short-run and long-run impacts of trade cost shocks on trade flows,

ISee Appendix @ for details.



thus improving our understanding and quantification of trade policy changes. Intuitively, this
means firms take time to fully react to trade policy changes, as reflected in the sluggish adjustment
of prices and trade flows.

An additional novelty of our approach is that we can estimate the Calvo parameter that governs
the degree of consumer price stickiness in the system in response to shocks. That is, we can estimate
the share of firms that adjust their prices in each period from aggregate bilateral trade data without
information on prices or unit values. We simulate the model to illustrate the dynamic impact
of trade cost shocks on trade flows, prices and welfare, and we analyze the performance of our
methodology to recover the Calvo parameter.

In our empirical analysis, we confront the model with trade data for OECD countries at monthly
frequency. First, we document the importance of persistence in bilateral trade flows. Lagged trade
flows are highly significant, particularly at monthly frequency, but less so at longer intervals such
as quarterly or six-month frequencies. Second, we find a high degree of price stickiness of 95%
at monthly frequency. As one would expect, we find that stickiness declines systematically with
lower data frequency, falling to 84% at six-month frequency. We also show why the coefficient
on lagged trade flows in standard gravity equations (i.e., those without a micro-foundation for
dynamic behavior) is below unity and falls at longer horizons. These estimates align with the
model’s prediction of gradual adjustment: transition trade elasticities are weaker than steady-state
elasticities, and the gap narrows with longer time horizons as more firms are able to adjust.

We then apply the framework to quantify the trade effects of specific regional trade agreements
(RTAs). For each agreement, we use our estimation procedure to recover the implied price stickiness
parameter and the corresponding steady-state trade cost elasticity. We compare these steady-
state elasticities to those obtained from a standard (static) gravity specification and analyze their
relationship. A central determinant of their difference is the time elapsed since entry into force: as an
agreement matures and trade flows approach a new steady state, the scope for further adjustment
shrinks. We also find that holding other factors constant, deeper preferential tariff reductions are

associated with stronger adjustment over time in our dynamic framework.

Related literature. Most of the literature in trade focuses on static and long-term equilibria and
pays little attention to transition effects. Our aim is to explicitly account for transition effects and the
persistence of trade flows over time. We develop a theory that leads to a dynamic gravity equation,
i.e., a gravity equation in which lagged trade flows emerge as an explanatory variable for current
trade flows. Lagged trade flows will not appear in gravity models as long as their dynamics work
via country-specific channels such as output and expenditure. By contrast, to generate dynamics with
lagged trade flows we need bilateral variables that slowly adjust over time. For that purpose, we
tap into the large macroeconomics literature on sticky prices. But unlike in a closed economy, price

stickiness in our setting is origin-destination specific and thus materializes at the bilateral levelEI

2As a rare example of price stickiness in the trade literature, Rodriguez-Clare, Ulate, and Véasquez|(2026) incorporate
downward nominal wage rigidities into a dynamic trade and migration model. We focus on stickiness at the bilateral
level.



Theory-consistent dynamic trade models typically lead to a standard gravity equation. In such a
gravity equation, bilateral dynamics do not play a role (for prominent examples, see|Eaton, Kortum,
Neiman, and Romalis| 2016} (Caliendo, Dvorkin, and Parro, [2019; |Anderson, Larch, and Yotov,
2020). Only a few papers have explored the role of lagged trade flows. As an early contribution,
Eichengreen and Irwin (1998) establish the statistical relevance of lagged trade flows, followed in
more depth by Jung| (2012) and Olivero and Yotov (2012) We differ in that we introduce price
stickiness at the bilateral level, and we work with data at various frequencies.

Cheng and Wall (2005) advocate larger intervals between time periods to allow for sluggish
adjustment processes. |Baier and Bergstrand| (2007) introduce “phased-in” free trade agreement
effects, assuming that trade cost reductions occur in a staggered manner over time. This approach
imposes dynamics onto the trade cost specification, and due to price flexibility, firms fully adjust to
trade cost changes every period. This is inconsistent with evidence on sticky consumer prices, and
differs from our approach where not all firms adjust prices every period.

We also relate to the literature that focuses on sunk costs as a mechanism for hysteresis and
sluggish adjustment (see|Alessandria, Arkolakis, and Ruhl, 2021|for a survey, and Carballo, Handley;
and Limao| 2022; [Egger, Foellmi, Schetter, and Torun, 2025)@ Option values typically imply
asymmetric adjustments to trade cost shocks depending on whether shocks are negative or positive.
Anderson and Yotov| (2020) suggest a short-run gravity model based on the idea of bilateral
‘marketing capital” (following|Arkolakis, 2010 and consistent with Chaney, 2014). Anderson and
Yotov|(2022) build on this framework to investigate the international elasticity puzzleﬂ However, as
they explain, the bilateral dynamics are not micro-founded and introduced in an ad hoc mannerﬁ
Our framework complements these studies, but it implies symmetric adjustment to trade cost
shocks.

The literature on international macroeconomics has extensively studied the pass-through of
exchange rates to prices and infrequent price adjustment Gopinath and Rigobon (2008) study
import price rigidity and low exchange rate pass-through to US import prices, finding heterogeneous
price duration across goods according to the Rauch| (1999) classification. Whereas the median
price duration for goods under organized exchange is 1.2 months and 3.3 months for goods under
reference-priced markets, it reaches 14.2 months for differentiated goods. Our approach is consistent
with infrequent price adjustment. We focus on the pass-through of bilateral trade cost shocks when

3In addition, [Campbell| (2010) shows the persistence of trade flows over the long run from 1870 to 2000. Other
papers with dynamic trade specifications include [de Nardis, De Santis, and Vicarelli (2008) and Martinez-Zarzoso)
Nowak-Lehmann, and Horsewood| (2009).

4Egger, Foellmi, Schetter, and Torun|(2025) set up a dynamic framework in which trade flows are shaped by both
contemporaneous and past trade frictions. While their approach leads to long-term persistence in trade flows, it is
inconsistent with price stickiness as firms adjust prices flexibly.

5Consistent with our empirical results, Boehm, Levchenko, and Pandalai-Nayar| (2023) find that tariff elasticities are
smaller in magnitude over the short run than the long run.

They write: ““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.”

’Burstein and Gopinath| (2014) provide a review of the literature. |Auer, Burstein, and Lein|(2021) extend the analysis
to retail prices and consumer expenditure, also finding low pass-through of border price changes to retail prices.



firms face sticky prices in their destination markets, and we are interested in the implications for
the dynamic behavior of trade flows.

In section 2, we introduce our theoretical model and derive the gravity equation with transition
dynamics. In section 3| we derive the estimating equations for the transition dynamics implied by
the theory. In section we analyze the transition dynamics of our model with simulated data, and

in section 5| we provide empirical evidence. In section 6| we conclude.

2 Theoretical model

We develop a micro-founded dynamic general equilibrium model that results in a gravity equation
with lagged trade flows as an explanatory variable. To achieve this goal, we introduce bilateral price
stickiness in a simple trade model.

We define a world economy with multiple countries and one differentiated final good. We

assume CES preferences in country j in period t:

o/(c—-1)
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with g;;,(n) denoting the quantity consumed in country j of the final good variety n from country i
in period t. N;; refers to the number of varieties in country i in period ¢, 7 is the set of countries in
the world, and ¢ > 1 is the elasticity of substitution across varieties.

Each firm produces one final good variety under monopolistic competition, using domestic
labor as the only production factor, with one unit of labor required per unit of output. At the
beginning of each period, each firm observes the wage and trade costs to each destination market.
The total labor force in country i in period t is exogenous and denoted by L; ;.

For simplicity, we assume that each country has an exogenously given number of firms (i.e.,
Ni: = N; V t) that is sufficiently large and time-invariant. As we apply our estimation approach to
aggregate bilateral trade data, we further assume that firms are homogeneous in productivity as in
Krugman (1980), as we use aggregate trade where we do not observe firms directly.

A key feature of our model is that firms face rigidities when adjusting consumer prices across
destination markets. We characterize consumer price rigidity in a simple and tractable way follow-
ing Calvo| (1983), but we apply the approach to the bilateral dimension. That is, we assume that in
each period t, with exogenous probability (1 — «), a firm of country i supplying variety n can adjust
its consumer price p;j;(n) for the destination market j, and with probability a the firm cannot adjust
its consumer price. Therefore, a share « of firms do not adjust their prices (i.e., N’ = aN; where N?
stands for the number of ‘sticky’ firms). The remaining share (1 — &) of firms adjust their prices (i.e.,
Nif = (1 — a)N; where Nl.f stands for the number of “flexible” price-adjusting firms). The parameter
« thus represents the degree of consumer-price stickiness. Note that the ability to adjust consumer
prices is idiosyncratic, i.e., firm-destination-specific, and independent across firms and destinations.



That is, a given firm may be able to adjust its price in one destination, but not in anotherﬂ

2.1 Firms’ pricing decisions under flexible and sticky prices

As a benchmark, we first consider the standard environment in which all firms can flexibly adjust
prices (¢ = 0). The optimal producer price by country i firms is p;; = 0/ (0 — 1)w;;, where w;; is
the domestic wage. The optimal flexible consumer price in destination j is given by i+ = t;;:pi
where t;;; represents the bilateral trade costs. We can think of this flexible-price environment as the
steady state.

2.1.1 Prices of flexible (price-adjusting) firms

We now turn to the environment of sticky consumer prices (0 < a < 1). We start by analyzing the
pricing decision of firms that can flexibly adjust their consumer price during period t.

Price-adjusting firms—from now on, for simplicity, ‘flexible” firms—in country i for destination j
in period t set the optimal price pf}/t = argmax, V;;(p|St), characterized by the following Bellman
equation:

Vit (p|Si) = Hz-f]-,t(r’|5t) + 0 [0t Vi1 (p[Stan) + (1 — @) Ei Vg1 (Sei)] @)

where H{; ; denotes the profits of flexible firms in country i selling to destination j in period ¢, S;
denotes the state of the system (i.e., the world economy) in period ¢, and ¢ € (0,1) is a discount

factor. These firms anticipate that in period t 4- 1, with probability « they will be stuck with the
f

current price p;; ,, and with probability (1 — «) they will be able to adjust the consumer price. Note
that due to the homogeneity of firms, every price-adjusting firm of country i sets the same consumer
price in destination j in period ¢.

The expectations in the Bellman equation allow for different types of information sets or belief
formation, including when firms can perfectly predict future general equilibrium effects on the
entire future equilibrium path of a given shock. It is possible to show that pf;lt — Pij (with pij
denoting the optimal flexible consumer price) for the following cases. First, when § — 0, flexible
firms set a price that maximizes current profits, neglecting the effects on expected future profits.
Second, when the economy achieves a new steady state (i.e., S; = Si11), firms set the optimal
flexible consumer price. Third, when firms have limited information or beliefs about the current
state S;, they cannot form expectations about future general equilibrium adjustments. And finally,
when & — 0, we are in the steady-state benchmark where all firms set prices flexibly in every period.

In general terms, we express the price set by price-adjusting firms with the help of a shifter as:

Pif]',t - K{;‘,tﬁij,t/ (3)

8We also assume that trade costs are sufficiently high such that price differences across destinations cannot be
arbitraged away. That is, a firm cannot sell its goods to one destination where it can adjust its price and then resell to
other destinations where it cannot adjust.



f

ij,t

f

where «; ijt

is a shifter defined by expected future rigidities. That is, «:., represents a deviation from
the optimal flexible consumer price f;;; due to possible restrictions on adjusting future prices. Note
that p{;t — Pijt when Kit — 1.

2.1.2 Prices of sticky (non-adjusting) firms

We now turn to firms from country i producing varieties n € N? that are unable to adjust their prices
in destination j in period t. The Calvo structure implies that these firms charge different prices
depending on the time elapsed since their last price adjustment, which is firm-destination-specific.
For example, in a given destination market, one firm might have set a new consumer price one
period ago, and another firm might have set a new consumer price two periods ago.

We denote as pj;, (n) the consumer price in destination j in period t of the variety produced by
sticky firm n from country i. As in|Calvo (1983), by the law of large numbers, the average price of
sticky firms is pj;, = Pij+—1, where pjj; 1 refers to the average price set by all firms from country i
in destination j in period t — 1.

Analogous to the notation above, we define «j;, as a shifter capturing the deviation of the
average sticky price pj;, from the optimal flexible consumer price fjj s:

pzs'j,t = K?j,tﬁij,f' 4)

It follows py; ,/ pf}rt =K/ Klj-;,t = «ijt, where k;j ; is the ratio between the average price set by sticky
firms and the price set by flexible firms. Since sticky firms cannot adjust consumer prices after
bilateral trade costs or wages change, they endogenously adjust their markups. Markups are
heterogeneous, depending on the time that has elapsed since firms last adjusted their prices.

2.2 Aggregates

Given the symmetry of flexible firms and the heterogeneity of sticky firms, we can rewrite the

preferences (1)) as:

o/(c—1)
U= | X (N/laf )/ + Z[qz-,t<n>1<“>/‘f)] : (5)
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with the budget constraint given by

Z ( pz] tql]f+ Z p1]t q1]t )) = E]’,t/ (6)

ieJ

where qf denotes the quantity of varieties n € Nif from flexible firms in country i, qf-]- ;(n) refers to
the quantities of varieties n € N; from sticky firms in country 7, and E; ; represents total expenditure.
Total expenditure in destination j in period t on varieties produced by flexible firms from country
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where equation (7) uses the property that all flexible firms in country i set the same price. Total

expenditure in destination j in period t on varieties produced by sticky firms from country i is:

1-0
XS _ Pfj’t E 8
it = ﬁ jotr (8)
s s 1-o G . . . Lo
where P;;, = [ZneNf [pi;¢(n)] } is the corresponding sticky-variety price index. Finally, the
overall price index in destination j in period ¢ can be written as (see Appendix B|for proofs):
1/(1-0)
Py = | ¥ (MIpf 7+ [P;,t]”)] . ©)
ieJ

Total expenditure and aggregate profits. Total expenditure in country j on goods produced in

+ X5, ,. Substituting equations (7) and (8), we obtain:

country i is given by Xjj; = el it

ijt

pf 1o ps 1—0

5 :

Xijp = (1—a)N; | == Ej,+ (== Ejy. (10)
Py Py

é/t = le;,t/a — FPi,tNif, and for sticky

/o — FP;;N;. Total aggregate profits are therefore I'l;;; = Xj;;/0 — FP;;N;, with F

The corresponding aggregate profits for flexible firms are I'T
firms I, = X,
referring to a fixed cost, denominated in country i’s price index, that firms must pay every period
to sell in each destination including the domestic market. We assume the same fixed costs F in all
markets. By keeping the number of firms in each country fixed, we can set F to zero, implying that

all firms active in country i export to each country ;.

Balanced trade. We assume balanced trade, and total expenditure equals total output. From the

market-clearing condition for goods in each country, we therefore have:

1-0 1-0 -1

f

K5, . (n K. i

( ii)lfa ELt 2: (1 )DL UJ( ) it ijt ’ ‘ (11)
] & 23 f P E]

j neNy \ - Kij It

Finally, total income is given by labor income and aggregate profits: E;; = w;;L;; + }_; I1;;+, which
can be expressed as E;; = w;¢L;; + Zj Xijt/ 0 — JFP;;N;, where J refers to the total number of
countries.



2.3 The gravity model for transition dynamics

As a reference point, we assume the world economy is initially in a steady state at t = 0 where
all firms set their prices optimally (i.e., pijo = Pijo) with trade costs t;j9. We assume the labor
endowment and the number of firms are given and fixed at initial values for every subsequent
period . As shown in Appendix|C.1} the initial steady state is characterized by a system of equations
that corresponds to a standard gravity system.

From the pricing structure described above, the average price of firms from country i in destina-

tion market j in period f can be expressed as:

pije = (1— “)Pf;-,t +api, e = (1- “)Pf;-,t + apiji-1, (12)
which is a weighted average of the price set by flexible firms in period t and the average price in
period t — 1.

We now consider a bilateral trade cost shock in period ¢t = 1. In the transition to period 1, only
Nl.f = (1 — a)N; firms can adjust their prices, while N7 = aN; firms cannot adjust and keep their

prices from period t = 0. Based on equation (10), we obtain:

f 1-0 R
p",l E',l
Xijrl = (1 - a>Ni ! Ej,l +a "1]717 Xij,O/ (13)
Pia P

where 2; = z;/z;_1 represents the ratio of any variable in period ¢ relative to t — 1 (see Appendix[C.2]
for proofs). Equation shows that Xj; 1 is a function of Xj;o. Intuitively, the first part represents
a standard gravity relationship for flexible firms, and the second part represents trade flows of
sticky firms. But this equation is no longer multiplicative, and hence it no longer corresponds to the
typical gravity equation familiar from the literature. Note that the special case of & = 0 nests the
standard gravity framework based on the Krugman! (1980) model.

Equation describes the transition dynamics in response to the trade cost shock one period
after the initial steady state. However, this structure has several limitations. First, we want to
analyze the dynamic path over many periods after the shock. Second, in empirical applications,
there is never an ‘initial period” defined as a pre-shock steady state because the economy is always
in a transition path from some past shock. We therefore generalize the transition dynamics for any
period t relative to period t — 1, where period t — 1 may not represent a steady-state equilibrium.
Starting from equation and using a first-order approximation of Pz-s].,t around pj;,, we can write
bilateral trade flows in period ¢ as:

f 1-0

Pij s Pijt—1\' 7
Xij,t = (1 — DC)NZ' 2 E]',t + aN; P Ej,t + Cijts (14)

it Jit

where ¢;;; denotes an approximation error. This approximation error can be interpreted as a



distortion that comes from the price heterogeneity across sticky firms from country i selling to
destination market j in period t (see Appendix for proofs and an explicit expression for ¢;; ).
The first term in equation (14) represents the component of the trade flow originating from flexible
firms, and the second term refers to sticky firms. The higher the share of flexible firms (1 — «), the
higher the weight of the standard gravity term that does not involve lagged variables.

A drawback of equation is that we do not observe the lagged price pjj; 1. To address this
problem, we approximate the unobservable term (fjj¢—1/Pj;) "7 with the observable lagged trade
flow X;; ;1. Specifically, we use a first-order approximation of the bilateral price index P;;; 1 around
the average bilateral price fjjj;—1 and compute (fjj—1/ P',t_l)lfa ~ Xjjt—1/(N;Ej;—1). Substituting
into equation (14), we obtain an expression for bilateral trade flows in terms of one-period lagged
trade flows:

f 1-0 n

Pijt Ej

- Eit+aXii (15)
) 7t — ij,t—1s

P],t P]lrt

Xij,t ~ (1 - DC)NZ'

where the ratio of the variables E]-,t and pj,t now appears in the second term on the right-hand
side. See Appendix for proofs, an extension to higher-order lags, and the characterization of a
higher-order lag decay function.

3 Deriving the estimating equation

To transform the model given in equation (15) into an estimating equation, we have to account
for the fact that the relationship will not hold exactly in any sample. We therefore introduce two

mutually independent multiplicative error terms, 77;;; and v;;, as followsﬂ

f 1-0c n
Piit Ej;
Xije = (1—a)N; [ 5= Ejflijr + 0= Xij r-1Vij p- (16)
Pj,t Pj,t
Assuming E[y;i|-] = 1 and E[v;j;|-] = 1, and using equation (3), we can write the conditional
expectation as:
f t 1—0 E
K5 1 Pittij it
E [Xij:|-] = 1 —a)N; | 25— Eis4a| == | Xije1. (17)
Pj,t Pj,t

Equation (17) represents a non-linear system. Exporter-specific and importer-specific terms could,
in principle, be absorbed by corresponding exporter-time and importer-time fixed effects. But in
practice, direct non-linear estimation of equation is not feasible due to the high dimension of
fixed effects. We therefore propose an alternative estimating procedure in three steps.

9For simplicity, we use an equality sign in equation 1} and the following equations rather than an approximate
equality sign.

10



3.1 3-step estimation procedure

Assuming, for simplicity, small trade cost shocks or one of the four conditions described in section

2.1.1|for Kf;’t — 1, we obtain the following:

N

pistie 7 Ejs
E [Xij:|-] =1 —a)N; Ejt+ 0— UXij,t,l
P P

=(1—a)exp [(1—0)In (tij:) + Pis + xjt] +aexp [In (Xiji—1 + i) ], (18)

with exp(¢;;) = Nip}/t’a, exp(xj:) = Eji/ P]%t"f and exp(¢;;) = Ej;/ 15]%;‘7. We now introduce the
three steps of our estimation procedure.

Step 1: Estimation of flexible and sticky gravity parts. The conditional expectation IE [Xj;,|-] can
be split into two parts. The first part corresponds to the standard gravity equation with bilateral
trade costs and exporter-time and importer—time fixed effects. Consistent with the literature, we
define the trade cost function as t;;; = dlstﬁ dﬁr Aiit , where dist;; is bilateral distance, and RTA;j; is
a dummy variable taking the value one 1f a regional trade agreement (RTA) is in place between
exporter i and importer j at time ¢.

When we substitute the expression for ¢;;;, the flexible part of equation becomes:

[ 1]t| } = (1 —a)exp (BiRTAjj: + $is + Xjs + Hij), (19)

where we also introduce bilateral, time-invariant country-pair fixed effects i;; to capture all observ-
able and unobservable bilateral time-invariant trade cost components as suggested by Baier and

Bergstrand| (2007). Since trade flows of flexible firms Xl.f].t are unobserved, we cannot estimate this
equation. However, by using the approximation XZ ; ~ (1 —a)Xj; (i.e., by assuming a small trade
cost shock), we can express the conditional expectation in terms of observed total trade flows as:

E [Xijsl-] = exp (B{RTAjs + is + xj + i) (20)

and we denote the fitted values based on these estimates as )A(f;t Note that ,B{ is generally not equal
to B1, as the latter could only be recovered if we observed trade flows from flexible firmsm

The second part corresponds to the sticky gravity component. We have:

[ X4l } = aexp (y1In (Xje1) + i), 1)

where 71 is the coefficient of lagged trade flows. As above, using the approximation X}, ~ aX;
for trade flows of sticky firms to express the conditional expectation in terms of observed total trade

10For further details on 5f , see section
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flows, we estimate:

E [Xijs|-] = exp (viIn (Xije1) + ¢j) - (22)

Note that even though the lag of trade flows appears as a regressor on the right-hand side, specifica-
tion does not suffer from Nickell bias under standard dynamic panel assumptions due to our
fixed effects structure (we provide details in Appendix[D). We denote the fitted values based on

these estimates as X¢

ij,- Our model predicts y; = 1.

Step 2: Estimation of x. We find the value of a that minimizes the mean squared prediction error:

~ . 1 Sf “ 2
a = argmin MSE(a) = —— Xiip— (1 —a)Xs,, + aX5; . (23)
066[0,1) #ObS Z,]; |: gl ( l]’t Z]'t>i|

We run a grid search. As « is bounded between zero and one, we calculate MSE(«) for different

values of & between 0 and 1, and then search for @ that corresponds to the minimum MSE(«).

Step 3: Recovery of steady-state parameters. We implement a non-linear estimation on the

following expression:
Xijp =(1—a)exp [,BlRTAij,t + i+ X + ﬁi]} + A exp [ln(Xij,t—l) + @j,t] , (24)

where we plug in the estimates of the fixed effects i, ;, Xt Hij and g[A)j,t from step 1, and the estimated

« from step 2. Non-linear estimation then produces an estimate E 1 for the steady-state parameter

B1=(1—0)In(B;).

3.2 Estimation bias in the standard gravity specification

What happens when we estimate the gravity equation assuming fully flexible prices (« = 0) and
hence omitting the second part of specification that represents trade flows of sticky firms? We

compute an expression equivalent to equation (17):

1—
E [Xij,t|'] - (ti]}f) T exp (i + Xj,t)Sijt (25)
1-0 1—0
i = fy1— tije—1 Pit-1 f 1-o
with s =(1 —a)(i;,)" 7 +a < ™ > <;i/t > [(1 — )R b, ,

where s;;; is defined as the sluggish adjustment factor. It represents an adjustment factor to the
standard gravity specification resulting from the sluggish price adjustment. For s;;; = 1, the
system is in a steady state, and therefore the model is defined by the standard gravity specification.
However, in the transition phase the standard gravity specification suffers from an omitted variable
bias since s;; ; is correlated with ¢;; ;. We briefly discuss how standard gravity estimates are affected

when the sluggish adjustment factor is omitted. We refer to Appendix[C.4]for details and proofs.
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Consider for simplicity the log-linearized version of specification (25) given by In X;;; = (1 —
o) Intiis + i + xji + Insij;. A standard gravity specification omits Ins;j; and therefore leads
to a bias in the estimation of the trade cost elasticity. This omitted variable bias is given by
]E[‘Bfl] = 1+ Bacov [Intjy, Ins,| /var [Int;;], where ﬁfl refers to the expected value of the log
trade cost coefficient in the standard gravity specification, 1 = 1 — ¢ < 0 refers to the true value of
the log trade cost coefficient, and B, = 1 refers to the true value of the coefficient related to Ins;j ;.
Hence, considering that cov [ln tij e In sij,t] > 0,1 =1—o0cand B, = 1, the standard specification
leads to an upward bias in the estimated coefficient, i.e., E [ﬁfl] > B (the coefficient is less negative).
This implies that when we use transition phase data, the standard model estimates a lower increase
in bilateral trade flows in response to a reduction in t;;;. Vice versa, it underestimates the reduction
in bilateral trade flows in response to an increase in t;;; (see Appendix for proofs)ﬂ

In other words, we find that trade cost coefficient estimates are biased towards zero in the
transition phase. This is consistent with sluggish price adjustment after trade cost shocks as not all
firms immediately react to shocks.

In section [4, we show how the estimates of the standard gravity model vary depending on
the time elapsed since the shock, and how they converge to the steady-state elasticities using
simulated data. Our model provides a structural relationship between the transition and steady-
state elasticities. This allows us to recover the steady-state elasticity even when the economy is in a
transition phase.

4 Implementation and simulation

To demonstrate the mechanics of our model, we simulate data based on the following calibration:
the number of countries is equal to 30 (J = 30), the number of firms is set to 100 (N; = 100) for all
countries, labor endowments for all countries are set to L; = 3000, trade costs are set to t;;; = 1.3
for international trade flows (i.e., i # j) and to 1 for domestic flows (i.e., i = j) for all countries in
the baseline. We set o = 5, fixed costs to zero (F = 0), and we simulate for 71 periods. Hence, we
have a completely symmetric setup in the baseline. The trade cost shock consists of a change in
trade costs to 1 (i.e., full liberalization) between countries 1 and 2 in period 2, while all other trade
costs remain constant. Only the share (1 — &) of firms can adjust consumer prices, with « set to 0.7.
Given our symmetric setup, in Figure [I]jwe show results for one liberalizing country (country 1 or 2)
and one non-liberalizing country only.

Panel (a) of Figure [1| shows average producer prices. Average producer prices increase for
liberalizing countries and decrease slightly for non-liberalizing countries. We implement two
versions of our model: one where we simulate and trace price changes over time for each firm as
described in our model (labeled “exact”), and one in which we approximate the price index of all
sluggishly adjusting firms by the average price from the previous period (labeled “approximation”).

HWe analyze the structure of the bias under different specifications of trade costs in Appendix In particular, we

. - . RTA;; . . .
focus on the structure of the bias for the RTA elasticity when t;;; = dlstg-dﬁr ", which we later use in our empirical
analysis in section[5}

13



2
11 eeegs g o
@ . &
3 .o 3
5.8 - 5
o . &
g8 | 5 .
H E 5
] 3
g6 5 H
5 o
° ° .
E.A— = .
°
H g 1
) H o
£ 2 S .
g ) 38y
E g
0 3
....... S 154
T T T T T T T T o T T T T T T T T
1 11 21 31 4 51 61 71 1 1 21 31 1 51 61 7

Time periods elapsed

* Lib. country, exact « Non-lib. country, exact » Lib. country, approx.

Non-lib. country, approx.

(a) Average producer prices

Number of distinct consumer prices

Time periods elapsed

(c) Number of consumer prices (world)

Number of distinct consumer prices

Time periods elapsed

« Lib. country, exact ® Non-lib. country, exacte Lib. country, approx.

Non-ib. country, approx.

(b) Consumer price indices

B o counry [ Nonib, country

(d) Number of consumer prices (countries)

et 251
: a
ER:E T o2 W
g . 2 .
g | g .
5 61 3 °
B ERER D
54 EEE
& £
H 5
5 o
< 29 g
8 % 5
5 g
a I}
o] &
Seee 04 ses
1 ki 21 31 4 51 61 7 1 b 21 31 41 51 61 7

Time periods elapsed

* Lib. country, exact * Non-lib. country, exact Lib. country, approx.

(e) Expenditures

Non-lib. country, approx.

Time periods elapsed

* Lib. country, exact » Non-lib. country, exacte Lib. country, approx.

(f) Real expenditures

Non-lib. country, approx.

Figure 1: Transition dynamics in simulated data (see text for details)
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The approximation has the advantage that we do not need to trace prices of each firm, and it is
consistent with the use of aggregate data in our empirical application. As seen in Figure|l} the two
solutions are very close. For the exact solution, we plot the number of distinct consumer prices for
the whole world in panel (c), and for one liberalizing country and one non-liberalizing country in
panel (d). We see that at the start, there are only two distinct consumer prices in the baseline steady
state, but during the transition we see about 60 different consumer prices. Consumer prices in
non-liberalizing countries converge faster than in liberalizing countries because of smaller effects in
the former. In the transition, firms adjust markups when they cannot adjust consumer prices. Hence,
producer prices show a similar pattern. The main difference is that each country has only one
producer price in the initial and new steady states. The results are very similar when we simulate a
scenario with 1,000 firms per country.

Panel (b) of Figure|l|shows consumer price indices, which decrease in the liberalizing countries
and are hardly affected in the non-liberalizing countries. Together, increasing producer prices and
falling consumer price indices in liberalizing countries reflect gains from trade. Panels (e) and (f)
reinforce this message, showing increasing expenditures and real expenditures. The latter may
be viewed as a measure of welfare. Overall, the results of this simulation illustrate the sluggish
adjustment introduced by our sticky gravity model.

To demonstrate the validity of our suggested estimation approach, we now apply our estimation
approach to the simulated data for different sample sizes (i.e., we include in the sample an increasing
number of periods after the initial shock). In all specifications, the standard gravity estimation leads
to an upward bias in the trade cost elasticity estimates (i.e., closer to zero). This bias fades as we
include more periods and move farther away from the shock. We consistently recover our stickiness
parameter and the steady-state trade cost elasticity close to their true values. We refer to Appendix
for details, and in Appendix [E.3| we illustrate how the standard gravity estimated elasticity
converges to the true steady-state elasticity as time elapses since the initial trade cost shock.

To gain further insights, we next focus our analysis on simulated data with an explicit functional
form for bilateral trade costs based on observable variables. This defines our baseline setting. The
main difference from the previous scenario is that we now define t;;; = distg_d ﬁf“im with B; = 0.25
and B, = 0.9. Distance dist;; is symmetric for each bilateral pair ij (i # j) and is drawn randomly
between 2.5 and 5, whereas for domestic observations (i = j) it is drawn randomly between 1 and
2. We take a random draw of new RTA dummies in period 1, which leads to a share of 0.233 of
bilateral relationships trading under an RTA. For further details on the setting, see Appendix[E.2}

Table 1| reports the results of applying our procedure to the simulated data with this explicit
functional form for bilateral trade costs. We provide estimates for samples with an increasing
number of time periods since the RTA shock (10, 20 and 71 periods). In the top panel of the table,
we estimate the two regressions in step 1 (flexible and sticky regressions) with PPML. See Appendix
for alternative specifications. Columns (1), (3), and (5) report estimates for the short-run trade
elasticity of an RTA from the standard (flexible) gravity specification. The table shows that these

values increase in the number of periods included since the shock, implying that transition-phase
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Table 1: Regression results

Step 1
Sample: 10 periods Sample: 20 periods Sample: 71 periods
(1) @) ®) 4) Q) (6)
Flex Reg Sticky Reg  Flex Reg  Sticky Reg  Flex Reg  Sticky Reg
RTAjj+ 0.328*** 0.374*** 0.408™**
(0.00145) (0.000886) (0.000279)
In Xjj; 1 0.999*** 1.000*** 1.000%**
,,,,,,,,,,,,,,,,,,,, ©000612) | (0000326 | (00000951)
FEs it, jt, ij jt it, jt, ij jt it, jt, ij jt
Step 2
Stickiness degree: & 0.65 \ 0.69 \ 0.71
Step 3
Est. Coef: B1 0.371%** 0.407*** 0.417***
(0.000447) (0.000167) (0.0000280)
Observations 9,900 \ 18,900 \ 64,800

Notes: True coefficient 1 = (1 — o) In(B,) = 0.421. Sample refers to the number of periods after shock included.
Standard errors are reported in parentheses. *** p < 0.01, ** p < 0.05,* p < 0.1.

elasticities converge to the steady-state elasticity as the economy approaches the new steady state
(the true value of the steady-state elasticity is 0.421). Columns (2), (4), and (6) show that the lagged
trade coefficient is close or equal to unity in all specifications, which is consistent with our theoretical
model.

Regarding step 2, the middle panel of Table|l|shows estimates of the « parameter close to the
true value of 0.7, improving as we increase the number of periods since the shock. Regarding step 3,
the bottom panel of the table shows that our approach delivers estimates of the latent steady-state
RTA coefficient close to the true value of 0.421, with increasingly better results when we include

more periods.

5 Empirical evidence

Before implementing our 3-step estimation procedure to analyze the effects of RTAs in section
we investigate how our estimates of « are affected by the frequency of the data (e.g., monthly,
quarterly, half-yearly).

5.1 Analysis of stickiness estimates across different data frequencies

While most studies in the empirical trade literature rely on annual data, we briefly show how the
estimated degree of price stickiness varies when using monthly, quarterly and half-yearly data. See
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Appendix for data descriptioan_ZI At a frequency higher than yearly, we have a maximum of 44
quarters (2010Q1 to 2020Q4) and a maximum of 22 half-years (2010H1 to 2020H2) in our samples.
We perform steps 1 and 2 of our procedure for each data frequency (see Table [2[)

Table 2: Flexible-price and sticky-price gravity at different frequencies

Step 1 (PPML)
Flexible Sticky Flexible Sticky Flexible Sticky

1) 2) 3) (4) ) (6)

In(dist;;) -0.8936*** -0.8937*** -0.8933***
(0.004) (0.006) (0.009)
In(Xije—1) 0.9905*** 0.9932%** 0.9917***
(0.001) (0.001) (0.001)
Frequency Monthly =~ Monthly = Quarterly Quarterly Half-yearly Half-yearly
FEs it, jt jt it, jt jt it, jt jt
Observations 163,104 163,104 53,097 53,097 25,696 25,696
Pseudo-R? 0.922 0.992 0.924 0.995 0.924 0.995
Step 2

o 0.95 0.90 0.84

Notes: The dependent variable is X;;;, at different frequencies. PPML estimation. Standard errors are
reported in parentheses. Columns (1), (3), and (5) are the flexible-price gravity specifications. Columns (2), (4),
and (6) are the sticky-price gravity specifications. *** p < 0.01, ** p < 0.05,* p < 0.1.

The most relevant result is the comparison of stickiness estimates (a’s) across frequencies in
the bottom panel of Table 2l The estimates are & = 0.95,0.90,0.84 for monthly, quarterly and
half-yearly frequencies, respectively. Two observations are noteworthy. First, the pattern in the
estimates suggests a high degree of price stickiness at all frequencies. Second, as expected, stickiness
decreases as we reduce the frequency of the data since firms have more time to adjust prices. In

other words, prices become more flexible over longer horizons.

5.2 Application to specific RTAs

We apply our 3-step procedure described in Section [3.1]to different RTAs as follows. In step 1, we
first estimate the standard gravity specification:

Xijs = exp { BIRTA 1 BIRTAYT 1y + xj + yi]-} , (26)
where RTAZS.].’,’ . “fiisa dummy variable that identifies the specific RTA under consideration, while
RTA‘Z-’]-{};” is a dummy variable that controls for all other RTAs in place. The data on RTAs come
from Mario Larch’s Regional Trade Agreements Database from [Egger and Larch|(2008), updated

12We drop monthly observations when adjacent observations are missing to construct a full quarter; for example, if
January and February flows are available but March flows are missing, then we drop the former from the sample. We
proceed analogously for aggregation to half-yearly and annual frequency.
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version 20241028. As RTAs apply to all countries in the world, not only OECD countries, we use the
ITPD-E-R02 of the USITC (Borchert, Larch, Shikher, and Yotov, 2021} 2022) as our trade flow data
We complete step 1 by estimating the sticky gravity part:

Xijr = exp {1110 (Xije-1) +Pje ) - (27)

Step 2 of our procedure recovers the parameter « by minimizing the mean squared prediction
error as described in equation 23]

In step 3 we recover the respective steady-state parameters for RTA; eCific and RTAYHer

it

. Specifi-

cally, we solve the following minimization problem:

min {Xie = (1= &) exp [BIRTAT;™ + BRTALIT + §] — &exp [ In(Xijs 1) + ] }2, (28)
with ¢ = §;; + % + f1;j denoting the estimated fixed effects of the standard gravity estimation in
step 1, §; representing the estimated fixed effects of the sticky gravity part in step 1, and & is the
estimated coefficient from step 2.

Before showing the results, i.e., identification of regularities or patterns in the estimated coeffi-
cients over the whole universe of RTAs included in the dataset, we discuss the estimated steady-state

elasticities in more detail for four examples (see Table 3).

Table 3: Estimated short-run and long-run elasticities of RTAs: selected examples

Agreement RTA elasticities Elasticity ratio
(1) @) ) (4)
Transition (T) Steady-State (S) S-T Ratio=S/T
Andean Community 0.62 0.64 0.02 1.04
EEA 0.11 0.15 0.04 1.38
NAFTA 0.14 0.15 0.01 1.06
NZL-SGP 0.24 0.31 0.07 1.30

Notes: The Andean Community includes Bolivia, Colombia, Ecuador and Peru and was concluded in 1988. The EEA

refers to the European Economic Area Agreement, which began in 1994. NAFTA refers to the North American Free

Trade Agreement between the USA, Canada and Mexico, which entered into force in 1994. NZL-SGP refers to the New

Zealand-Singapore Agreement, which began in 2001. Column (1) reports the standard gravity estimated RTA coefficients
specific

for the specific agreements (i.e., E{ RTA; it ), also referred to as transition-phase (T) elasticity. Column (2) reports the

recovered coefficient from step 3 (i.e., ElRTAfjp fcjf ic), also referred to as steady-state (S) elasticity. Column (3) reports the
absolute difference between steady-state and transition-phase elasticities. Column (4) reports the ratio of elasticities

(8/7).

Table |3|shows that the steady-state elasticity is larger than the transition elasticity for all four
examples. But magnitudes vary. Comparing the entry into force of the agreements and the ratio
of the steady-state and transition elasticities, we find that older agreements, such as the Andean
Community and NAFTA, have lower ratios than newer ones, such as the agreement between New

13 Available for download at https:/ /www.usitc.gov/data/gravity /itpde.htm,
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Zealand and Singapore. This is consistent with our theory, which predicts that older agreements
should be closer to their steady state, and therefore the adjustment implied by computing the latent
steady-state elasticity in step 3 should be smaller. However, the EEA Agreement has a relatively
large ratio even though it also started back in 1994. See Appendix|F.1|for additional evidence on the
elasticity ratio estimated for the EEA.

5.3 Summary of results using all RTAs

Table | summarizes the results using all RTAs. The first row of the table indicates that there are 438
RTAs in the sample, broken down into 27 customs unions (CU), 387 free trade agreements (FTA),
and 24 partial scope agreements (PSA). Columns (5)-(8) show the fraction of elasticity ratios that
exceed the value of 1, i.e., the fraction of ratios where an upward adjustment occurs so that the
steady-state elasticity is larger than the transition elasticity (see Table[3). This upward adjustment
occurs jn only 48% of all RTAs but in 56% of customs unions. This may suggest that the depth of
agreement is important.

In the subsequent rows of the table, we therefore distinguish results by various conditions related
to the obtained estimates, recognizing that many individual RTA coefficients are not significant or
negative, contrary to the typical expectation. In particular, we report results for the subsample of
agreements where we obtain positive first-step estimates (225), positive and significant first-step
estimates (148), positive first- and third-step estimates (211), and positive and significant first- and
third-step estimates (95), where we apply a significance level of 10%. For example, when both
coefficients are positive and statistically significant (see the last row of Table[d), we obtain an average
upward adjustment for 66% of all RTAs.

Table 4: All RTAs and elasticity ratios

Number of RTAs Share of elasticity ratio>1
m @ 6 @ 6 ©6 7O @6

Condition on estimates All CU FTA PSA All CU FTA PSA
All 438 27 387 24 048 056 047 054
Positive first step 225 18 194 13 052 0.61 0.50 0.69
Positive and significant first step 148 14 123 11 053 057 051 0.64
Positive first and third steps 211 18 180 13 055 0.61 0.54 0.69

Positive and significant first and third steps 95 11 76 8 066 0.64 066 0.75

Notes: Columns (1)—(4) report the number of agreements by category. Columns (5)—(8) report the corresponding shares of elasticity
ratios that exceed 1. Row conditions: “All” is based on all obtained estimates, “Positive first step” is based on the subsample where the
first-step estimates are positive, “Positive and significant first step” is based on the subsample where the first-step estimates are positive
and significant at the 10% level, “Positive first and third steps” is based on the subsample where the first- and third-step estimates are
positive, and “Positive and significant first and third steps” is based on the subsample where the first- and third-step estimates are
positive and significant at the 10% level.

We restrict our further analysis to FTAs, as this is the most common type of agreement in
our sample. Our theory suggests that the adjustment will be proportional to the tariff reduction

introduced by the agreement. We therefore compute a variable dDIFF. It denotes the average

19



absolute reduction introduced by preferential tariffs relative to the MEN tariff among FTA members
over the sample period since the entry into force of an agreement. We calculate dDIFF for each
RTA. In other words, dDIFF represents the average preferential tariff reduction introduced by each
RTA, where a larger tariff reduction represents a more negative dDIFF (i.e., a higher dDIFF in
absolute value). We expect that a higher average tariff reduction induced by an FTA leads to a larger
adjustment of the recovered long-run FTA effect in step 3 (i.e., a higher elasticity ratio). Moreover,
theory predicts that the more recent the agreement, the higher the elasticity ratio, since economies
are more likely to still be in the transition phase.

Focusing on the subsample of positive and significant first-step estimates as in the third row of
Table 4] (123 FTAs), we plot in Figure 2] the correlation between the elasticity ratio and the average
tariff reduction of FTAs as represented by dDIFF. In line with theory, we find a negative correlation.
That is, larger tariff reductions are associated with a larger elasticity ratio and hence a larger upward
adjustment. See Appendix [F.2|for further evidence on the relationship between tariff reductions
and the elasticity ratio.

0_ L 0000 00 o0 O

-1 0 1 2 3

Figure 2: dDIFF vs. elasticity ratio. Subsample of positive and significant first-step estimates. The
vertical axis shows dDIFF and the horizontal axis shows the elasticity ratio.

6 Conclusion

This paper develops and empirically implements a dynamic gravity framework that accounts for
persistence in international trade flows. Unlike the static gravity model, our approach introduces
sluggish price adjustment at the bilateral level, akin to Calvo pricing. This provides a micro-
founded explanation for why lagged trade flows matter. We show that ignoring persistence leads to
biased estimates of trade elasticities and mismeasurement of policy effects. By combining theory,
simulations and empirical evidence, we demonstrate that the dynamic adjustment process is crucial
to understanding the propagation of trade cost shocks over time.

To translate our theory into an estimating procedure, we propose three steps. First, we separately
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estimate the flexible-price and sticky-price components of the gravity equation. This allows us to
identify transition-phase elasticities, and it underlines the importance of lagged trade flows. Second,
we recover the stickiness parameter, which measures the share of firms unable to flexibly adjust
prices. Third, we use these estimates to infer steady-state trade cost elasticities consistent with
the underlying theory. This approach allows us to bridge the gap between transition-phase and
steady-state effects even when the economy is still in transition.

Using OECD and ITPD-E-R02 trade data and applying the procedure to RTAs, we find strong
evidence of price stickiness and persistence in trade flows. At monthly frequency, more than 90%
of firms appear unable to adjust prices, with stickiness declining as the data frequency decreases.
Consequently, standard gravity estimates understate the long-run impact of RTAs for a large share
of RTAs: transition elasticities are systematically smaller than their steady-state counterparts, with
older agreements, such as the Andean Community and NAFTA, showing smaller deviations than
newer ones, such as the agreement between New Zealand and Singapore. In line with theory,
we find that larger tariff reductions lead to larger differences between transition and steady-state
elasticities. Our results imply that trade policy evaluations based on static models underestimate the
eventual gains from integration, highlighting the importance of accounting for dynamic adjustment
when quantifying the effects of trade policy.
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APPENDIX

A Reduced-form empirical evidence

We first briefly describe the data in section[A.T]and then introduce the reduced-form evidence on
persistence in section [A.2]

A.1 Data description

This appendix provides further details on the trade data. We use bilateral monthly import data
for 37 OECD countries (i.e., all OECD countries as of 2023, except Belgium, for which data are
not available). Excluding domestic trade, we have 37 x 36 = 1332 country pairs. Although some
earlier observations are available for some countries, for most reporting countries, complete data
are available only from 2010 onward. We therefore drop years before 2010. Our sample ends in
2020, comprising 11 years with 12 months, i.e., 132 periods.

We therefore have a theoretical maximum of 37 x 36 x 132 = 175,824 bilateral trade flow
observations. Due to missing observations, our sample comprises only 164,803 observations. The
fraction of the maximum total available is, therefore, 164,803 /175,824 = 0.937. No observation is
reported as a zero trade flow.

In the following, we list the number of trade flow observations by importing country in our
sample. As explained above, there are 132 periods and 36 partners per country. Thus, we have a
maximum of 132 x 36 = 4752 monthly trade observations per country.

* Australia 4644 (observations missing for 2010)

* Austria 3255 (no observations for 2018-2020, some missing for 2014 and 2017)
¢ Canada 4752

¢ Chile 4356 (some observations missing for 2020)

* Colombia 2724 (missing observations/patchy for 2010-2013, 2015-2016)
¢ Costa Rica 180 (only observations for 2018 and 2020)

¢ Czech Republic 4714 (some observations missing for 2017)

¢ Denmark 4752

 Estonia 4662 (some observations missing for 2010-2013, 2016, 2019)
¢ Finland 4752

* France 4320 (observations missing for 2020)

* Germany 4752

* Greece 4751 (one observation missing for 2015)

* Hungary 4752

¢ Iceland 4752

¢ Ireland 4752

¢ Israel 4716 (some observations missing for 2013)

e Italy 4752

* Japan 4752

* Latvia 4720 (a few observations missing, especially for 2010)

¢ Lithuania 4746 (some observations missing for 2010-2011)

¢ Luxembourg 4702 (some observations missing for 2010-2012)

* Mexico 4752

¢ Netherlands 4752

* New Zealand 4752
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* Norway 4752

e Poland 4752

¢ Portugal 4745 (a few observations missing for 2016)
e Slovakia 4752

¢ Slovenia 4752

e South Korea 3024 (no observations for 2010-2012, 2020)
* Spain 4752

¢ Sweden 4752

¢ Switzerland 4752

e Turkey 4752

¢ United Kingdom 4752

¢ United States of America 4752

A.2 Reduced-form evidence for persistence

We use publicly available trade data from UN Comtrade, including OECD members (37 countries)
and their respective bilateral imports at a monthly frequency from January 2010 to December ZOZOEI
The data are at the aggregate country-level in nominal USD. In total, we have over 160,000 trade
flow observations that we combine with gravity variables from the CEPII database, in particular,
bilateral distance, a contiguity dummy, and a common language dummy. Appendix provides
more details on the data.

To examine the persistence of gravity patterns, we explore the role of lagged trade flows. We run
‘dynamic’ gravity regressions where, apart from exporter-time fixed effects (it), importer-time fixed
effects (jt), and country-pair fixed effects (i), we include lagged trade flows as additional regressors
According to the standard gravity model, the lagged regressor should not have any explanatory
power. However, significant estimates of lagged trade flows may hint at dynamic effects.

What explains this persistence? There must be factors that vary bilaterally over time; that is,
bilateral time-varying factors such as stickiness in consumer prices. It cannot be factors that only
vary unilaterally by exporter and importer and over time, such as lagged i and lagged j variables,
because these factors are captured by the respective fixed effects. Thus, we interpret the significance
of lagged trade flows as evidence of dynamics at the bilateral level. Moreover, the table shows that
the persistence monotonically declines towards zero as we increase the order of the lags.

Table[AT| provides results showing a significant persistence in bilateral trade flows after control-
ling for the standard gravity specification.

141 2023, 38 countries are members of the OECD; however, data for Belgium are missing, so we have a sample of 37
countries.
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Table Al: Gravity with Lagged Dependent Variables

1) 2) 3) 4)
In(trade;j;—1)  0.5103** 0.3237*** 0.2969** 0.2833***
0.021)  (0.011)  (0.012)  (0.012)

In(trade;; ;) 0.2044***  0.1666***  0.1606***
(0.010) (0.009) (0.009)

In(trade;j;3) 0.1628***  0.1068***  0.0990***
(0.008) (0.008) (0.008)

In(trade;;;4) 0.0724***  0.0546***
(0.007) (0.008)

In(trade;;;5) 0.0443***  (0.0282***
(0.007) (0.007)

In(trade;; ) 0.0597***  0.0297***
(0.006) (0.006)

In(trade;;;—7) 0.0157*%
(0.009)
In(trade;;;g) 0.0111
(0.008)

In(trade;;; o) 0.0301***
(0.008)
1n(tradei]-,t_10) 0.0059
(0.006)

In(trade;;11) 0.0240%**
(0.007)

ln(tradei]-,t_lz) 0.0427***
(0.008)

FEs it, jt, ij it, jt, ij it, jt, ij it, jt, ij
Observations 163,104 159,778 155,213 146,133
R? 0.975 0.978 0.979 0.979

Notes: The dependent variable is logarithmic trade, In(trade;;;), at
monthly frequency. OLS estimation. Robust standard errors are re-
ported in parentheses, clustered by country pairs. *** p < 0.01, **
p <0.05,*p < 0.1
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B General model setup

The preferences of the representative consumer in any country j are defined in section[2| Distin-
guishing varieties produced by flexible (price-adjusting) firms from those produced by sticky firms,
we can write the preferences as follows:

o/(0—1)
Uy = {2[ Y e T [qz,xn)}(“”"” ,

i Lnen/ neN;
with qf; ;(n) and g3; ,(n) denoting the quantities consumed of a variety 1 from country i in market
j and period t produced by a flexible or a sticky firm, respectively. All flexible firms in period ¢
set the same price p{jt given by equation (3), while firms not able to adjust their price in period
t charge an average price p};, defined by equation (), with heterogeneity in prices pf-]-,t(n) across
n € N} depending on the last adjustment period of each firm n € Nj. Therefore, preferences can be
expressed as defined in section 2.2}

The budget constraint is ) ; [ZHGN;f pf;,t(n)qif]-,t(n) + Lnen P?j,t(”)q?j,t(”)} = E;;. Considering
that pf;. t(n) = pf;.,t for all varieties n € Nl.f , that is, price-adjusting firms in period t set the same
price, it leads to the expression in section 2.2}

Bilateral price index. The price index in market j of varieties produced by firms from country i

1/(1-0)
en Pl O+ D [pfjrt(n)]l_”} . Considering that all flexible

firms set the same price pf;-t and that the price index in market j and period t of the varieties

produced by sticky firms from country i is given by:

in period t is P;j; = {Z

1/(1—0)
A 0] bt (A1)

neN;

we obtain the expression for the price index of varieties from country i in market j and period ¢,
denoted as P;;;, defined in equation ().

Firms’ profits. The profit of a flexible firm from country i in a market j in period t is 7Tf =

ijt
pf;,tx{;’t /o — FP;;, with P;; denoting the price index in country i in period ¢, and xl.fj,t referring to
the quantities produced by a flexible firm from country i for market j in period ¢. Similarly, the
profit of a sticky firm from country i in a market j in period t selling a variety n at price Pii s (n) is
i (n) = p5;(n)x5;(n) /o — FPy for any n € Nj, whereas the profit in period  of a sticky firm
from country i selling in market j at the average price p};, is 71, , = pj; ,.x7;,/0 — FP;; where x3, , are
the quantities produced by these firms for market j in period t.

Aggregation. The total expenditure in country j in goods produced in country i is Xj;; = le;t +

X1 Substituting the terms on the right-hand side with expressions from equations (/) and () and
using Nl-f = (1 — «)Nj, we compute equation (10).

27



C Transition dynamics

C.1 Initial conditions

The initial steady state is characterized by the following system of equations:

1—
Xijo0 = (tiopio/ Pio) " NiEjo, (A2a)
_ 1—
<Pj,0)1 =Y (tjopio) ’N; (A2b)
7
B E; o
(pip)' 7 = S (A2¢)
N; ) (tijopio/ Pio) 7 Eip
N:(p;: o)1= 1— N
Eio = wipL; + 1(191(,70) Z (tijo/Pio) * Ejo— JFPioN;, (A2d)

]

where pijo = Pijo = tijopio- Note that the system of equations (A2) refers to a standard gravity
system in the initial steady state, i.e., before the bilateral trade cost shock in t = 1.

C.2 One-period ahead transition dynamics relative to initial steady state

Given that t = 0 is defined as a steady state, all firms in country i charge the same prices pj; 0,
which implies p;jo = pij0. From equation (A2) and using P;;o = (N;)'/(1~)

(Pij,O/Pj,o) e E]‘,o. This leads to:

Pijo, we have Xjjo =

(Pij0/ Pio)' " = Xi0/ (NiEjo). (A3)

Based on equation (10), substituting with equation (A3), and denoting as ; = z;/z;_1 the ratio of
any variable in period f relative to t — 1, we have:

Xij,l = (1 — ‘X)Ni(pél]/Pj,l)l_UEj,l + aXijloEA‘jll/(p]ﬂ)l_g. (A4)

C.3 Transition dynamics: Decay effect of higher-order lags

We extend our model by introducing higher-order lags and exploring the decay in their effects on
bilateral trade flows. Considering that equation holds for any period ¢, and approximating

the unobservable x/

iz (1 —a)Xj:—., we derive the generalized expression of the model with

lags:
f 1=e 1 1-0
Pij © Eit (Pit—z\
Xije ~(1 —a)N;Ej; J + Z af(1— Dc)ZXij,t—z ! <] Z)
Pj/t z=1 Ej,tfz Pj,t
E’t P't—n 1=e
Ny — < ) ) Xii t—n. A5
Ejtn P, A (89)

As n — oo, the last term on the right-hand side approaches zero and, ceteris paribus, the z-order
lagged trade flows effect bilateral trade flows with a geometric decay at a rate a*. See Appendix
for proofs and further details, including an adjusted estimation procedure for a dynamic
gravity model with higher-order lags.
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C.3.1 Simulated data

Using simulated data, we analyze the performance of our procedure in estimating the decay patterns
in trade flows as predicted by the theory. We consider the case where trade costs are permanently
reduced from 1.3 to 1 in period t = 1 for trade flows between countries 1 and 2, as it provides the
simplest framework to capture the transition path derived in our theoretical model.

® % e 000 ® e 0 0 4 000
o o 5

T T T T T T T T T T
0 5 10 15 0 5 10 15 0 5 10 15
Lag Lag Lag

(a) @ constrained est. (b) & unconstrained est. (c) Lagged trade flow coef.

Figure Al: Decay effect relative to t = 0.

Figures and show @ using simulated data for each period t relative to t = 0 (i.e., the
initial steady state). In all specifications, we observe a geometric decay, as predicted by the theory.
Figure[Aldprovides evidence on the persistence in trade flows, which is also consistent with the
geometric decay predicted (ceteris paribus) by our theoretical model. Similar patterns are shown in
the reduced-form estimates reported in Table[AT]in Appendix

C.3.2 Proofs related to equation and its approximation error

We compute a first-order Taylor approximation of P;;, around the average price in the previous

1
period (i.e., pijt-1), and considering Y,en:([pf;, (1) — Pijr-1] = 0, we have P, ~ (N7) 7o pij1.
Therefore, replacing this into equation (10), we obtain (14).
To obtain an explicit expression of the error from the first-order Taylor approximation above, we
start from equation and compute:

s ( ) 1-0o s 1-0o s 1-0o f 1-0c
ki . (n K3 K3, v
Xije = [(1=a)N;+ ) Wf + aN; (z}t —aN; (?t Pl]t) Ejt

neN; \ Ky Kij b It

f 1-0 f 1—0
p”,t 1_ p,t
== | EptaNi (ki) | 5=

Pis Pjs

=(1-a)N; Eit +eijs, (A6)

with

tz 1 ].—U'
eie= Y (I ()7 — [ o0) (Z2E2) gy, (A7)
] ] P

neN;? It
i Y f i -
Replacing x;j+ = Pij+—1/pjj;, we obtain equation (14).
Finally, to express bilateral trade flows in terms of observable lagged trade flows (instead of

the unobservable average price p;;;—1), we approximate (;‘J,'j,t_l /P]',t_l) 70~ Xijp-1/ (N,'Ej,t_l) and
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compute the bilateral trade flow for any period t in terms of the respective flows at t — 1:

f 1-0 -0
Pijt Eiv (Pt
Xii; =~ (1—a)NE; ’ ’ ’ Xiip_ A8
i ~ (1= &) NiEj Pj +DéEj,t—l Pj A1 i (88)

Defining Z; = z;/z;1 for any variable z and excluding the error term e;; ;, we yield equation (15).

C.3.3 Proofs for the model structure with higher-order lags

In this subsection, we discuss the model structure for two and three lags, and the generalization to
n lags.

Model with two lags. Considering that equation holds for any period t, we compute
Xijp1 = (1 - ‘X)NiEj,t—l(Pé/tfl/Pj,t—l)lia +aEji1/(Pjs-1)'7Xij+—2. Replacing this expression in
equation (15), we obtain:

f 1=e A 1-0c
Pijt Ej; £ » Eit (Pt
Xiip ~(1— a)NiEj; | 2 (1 — )X (L Xijt—2-
it ~(1—a)NEj; P, +“<let)1_a( «) i1t Ejra \ Py ijt—2

where we use Xl].;./t_l = NiEj;1( pé,t_l / P]-,t_l)l*" (the right-hand side representing the standard
gravity expression for bilateral trade flows in period t — 1 when all firms set flexible prices). Using
Xf;kl ~ (1 — a)X;j;—1 leads to the following:

f 1-o ~ 1-0
Pij ¢ it 2 » Eit (Pit—2
Xiit =(1 —a)N;E; - (1 —a)" X : : Xiit_n.
ijp ~(1—a)NEj,; D, +DC(P]-¢)1*U( 0) X1+ a £, \ P, ijt—2

Model with three lags. We extend the expression above to incorporate a third-order lag. We
replace Xjj; » with its expression as a function of X;;; 3, as before, we replace the unobservable

f

bilateral flows for flexible firms by X; itz = NiEj,t—z(Pf; o/ P]-,t,z)l_" for z = 1,2, we approximate

X, =~ (1 — a)Xjj sz, leading to:

ijt—z

f 1-0 R
Pij Ej 2
Xijp ~(1 — a)N;Ej; N + “Wu — )" Xij i1
Eis (Pipa\'" Eit (Pira\'""
2_"it jt=2 2 3 Tt jt=3
_Jr 1 — X . X _a.
e Eji 2 < Py ) (1=a) Kz ta Ejts < P, ) Y3

Generalizing this for n-order lags, we obtain equation (A5) in section|C.3}
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C.4 Standard gravity bias

We derive equation (25) starting from the model specified in equation (17). Replacing X;;; 1
/(N;Ej;—1) with (ﬁi]',t_l / P',t_l) 1_0, we recover the equivalent expression (14), and we compute:

1- _ _ _
Xijs =(1 — )N (tj) 7 (Kéltpi,t/P',t)l “Ejs + aNi(Piji—1/Pis)' " Ejp,

f 1—0c
1— K"’fpi,t
=(1-a)Ni (ti) " | “5—|  Ei
7t

¥ s 1-c0

1o [ Pia—t[(D—a)ry, g+ oo, ]

+aN;j (tije-1) ’ Pl] t - Ejs (A9)

1s

where the last equation uses fjj;—1 = tjj;—1pir—1[(1 — “)K{;,tfl + “K?j,t—l]' We factor out common
components to end up with the following expression:

_ E',t 1— 1—0c i1 1-0c
Xijt = Nip},t o J_ (tl.].,t) o {(1 — ) (K£t> +« [p;tt[(l — D()K;;/t_l + "‘Kfj,tﬂ] i
i,
replacing with exp(¢;;) = Nip},t_”, exp(X;t) = Ej¢/ let_” and taking the conditional expectation,
we obtain equation (25).

C.4.1 Analysis of the sluggish adjustment factor
f

it
tijt—1 > tijt. When Kfj _1 > 1, for example due to the transition phase induced by a trade cost
reduction, which may represent a progressive trade cost reduction from the implementation of

an RTA, or when the effect of Kfj ;1 is relatively small relative to the current trade cost change (in

To simplify the analysis, we assume that x;;, ~ 1 for every period t. Consider a trade cost reduction

the case the economy is still in the transition phase from a previous trade cost increase), we have
sij+ < 1. Moreover, when trade cost reduction occurs before period t — 1 (i.e., tj 1 = t;;;) but the
economy is still in the transition phase due to sluggish adjustment of prices, we have K?j,t—l > 1land
pit—1 < pir—oOr pir—1 =~ pir when general equilibrium effects are relatively small, leading also to
sij+ < 1. Therefore, in both situations, the increase in bilateral trade flows resulting from a reduction
in trade costs is attenuated by the sluggish adjustment factor relative to the perfectly flexible world.

We now consider a trade cost increase, which leads to t;;; 1 < t;;;- When Kfj/t_l < 1 due to the
transition phase from a previous trade cost increase, which can represent an escalation of a trade
war, or when the effect Kj; ;1 is relatively small to the current trade cost change (if the economy
is still in the transition phase from a previous trade cost reduction), we have Sij > 1. Moreover,
when the trade cost increase takes place before period t — 1, but the system is still in the transition
phase due to the sluggish adjustment of prices, we have x3;, ; <1land pi;_1 > pis, Or pis—1 = pig
when the general equilibrium effects are relatively small, also leading to s;;; > 1. Therefore, in both
situations, the reduction in bilateral trade flows due to the increase is attenuated by the sluggish
adjustment factor.
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C.4.2 Analysis of the trade cost bias in the standard gravity model

For simplicity, we analyze the bias in the trade cost coefficient when estimating a standard gravity
regression that does not account for sluggish price adjustment in a log-linearized version of the

model. In addition, we assume Ké/t = 1 for every period t. The log-linearized model is given by:
In Xij,t ~ i+ Xt (1-0)In tij e+ In Sij,ts

with s;; ; defined in equation (25). The standard gravity specification omits the term Ins;; ; leading
to a bias, as discussed in section We compute:

dlns;; ti i\ [ ps 1= 10 (g —1
it o < ij,t 1) (pl,tl) {(1 —DC) +0‘K?j,t_1i| (0' ) > O,

otij s sijt \ tijt Pit tij s

which shows that the sluggish adjustment factor is increasing in trade costs. This implies cov(Int;;,, Ins;;;) >
0, leading to an upward bias in the estimated trade cost coefficient. In other words, the standard

gravity model estimates a lower increase in bilateral trade flows during the transition phase after a
reduction in bilateral trade costs. Hence, it underestimates the reduction in bilateral trade flows.

C.4.3 Standard gravity bias for RTA elasticity

To illustrate the bias structure in a commonly used specification of bilateral trade costs, we define
tijr = distgdﬁfTAij’f with B; > 0and B, € (0,1) and RTA;;; is a dummy variable that takes the value
one if country i and j are members of a regional trade agreement in period t, and zero otherwise.
The log-linearized model based on equation follows as In X;;; = B4(1 — o) Indist;; + (1 —
o) In(By)RTAjj; + ¢iy + xj¢ + InsKIA, with

ijt 7

RTA f 5RTAW71 - piea\ 7 f 7

_ — r it—

s = (L—a)(ry,) ™"+ < ﬁRTAij/t > ( Dir > [(1 — )k, gt “Kfj,t—1] - (A10)
, )

The standard specification leads to an omitted variable bias problem, in this case the expected

value of the estimates of the RTA coefficient are given by ]E[,Bfl] = 1+ Bacov [RTAi]-,t, In sf}gA}
/var [RTA;;;], where ]E[,Bg} again refers to the expected value of the log trade cost coefficient in
the standard specification, f; = (1 — ) Inp, > 0 refers to the true value of the RTA coefficient,
and B, = 1 refers to the true value of the coefficient related to In s{;’TtA. Hence, considering that
cov [RTAijlt, In SEEA} <0,B1=(1—0)InB, > 0and By = 1, this leads to a downward bias in the
estimated coefficient for RTAs in the transition phase for the standard specification (i.e., /,%fl < B1).
This implies that when data from the transition phase are used, the standard model estimates a
lower increase in bilateral trade flows due to an RTA in the new steady state.

For illustration purposes, we consider the case of the implementation of an RTA in period ¢

between countries i and j (i.e., RTA;j; = 1 and RTA;j; 1 = 0). Regarding the sluggish adjustment
factor, we have ( ﬁfTAij’t’l / /BETA”’[)P” = (1/By)'77 < 1, which implies that s{/* < 1. If the imple-
mentation of the RTA takes place before period ¢ (i.e., RTA;;; = RTA;j; 1 = 1) and the economy is
still in the transition phase (under similar conditions as in the previous case), we have 55,7;‘4 <1.In
both cases, the sluggish adjustment factor attenuates the positive effect of an RTA on bilateral trade
flows.
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Proofs. The log-linearized model is now given by:

In Xjj ¢ = i+ Xjt + Ba(1 — o) Indist;; + (1 — o) In(B,)RTA;;; + In sf;,TtA,
with sf},TtA defined by equation (A10). For simplicity, we still assume that K{; ; = 1 for every period t.
As before, the standard gravity specification omits the last term, leading to a bias in the steady-state

estimate of the RTA coefficient given by (1 — &) In(B,). For simplicity, taking RTA;;; as continuous,
we compute:

RTA
dIns; it o

. RTA
dRTAjj; s it

RTA; 1\ 177 ' 1-0 -0
.BrRTA“t ) (plf—1> [(1 —)+ DéKfj/tfl] (c—1)InB, <0,
ﬁ ;7 Pit

which implies cov(RTA;j;, In sf}/TtA) < 0, leading to a downward bias in the estimated coefficient of
an RTA in the transition phase in the standard gravity specification. This implies that the standard
gravity model estimates a lower increase in bilateral trade flows during the transition phase after
the conclusion of an RTA.
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D Potential Nickell bias in the sticky-part gravity equation

We show that the Nickell bias (Nickell, 1981) that arises in standard dynamic panel models does not
apply in our setting. We distinguish two cases, namely the case where 7 is treated as unknown
and estimated, and the case where 7 is assumed to be a known (theory-consistent) parameter.

D.1 Assuming ‘y; to be an unknown parameter

Based on the conditional expectation for the sticky-part as provided in equation (22), we can state
the sticky-part gravity equations as follows:

Xijr = exp (y1In (Xije1) + ¢je) + eijr, (A11)
or, when estimated in its log-linearized form, as follows:

In (Xijs) = 110 (Xije-1) + s + €ijs (A12)
where ¢;;; and ¢;;; are remainder error terms. We first take a one period lag of Equation :

In (Xjje—1) = 111n (Xije—2) + ¢j -1 + €iji—1- (A13)
Using Equation to replace In (Xjj ;1) in Equation lb leads to:

In (Xij¢) = 71 (I (Xije—2) + ¢je1 + €ij-1) + i + €ijr- (Al4)

Unlike the standard dynamic panel data case (see Cameron and Trivedi, 2005, for example), we
have ¢;; 1 and ¢;; in Equation (and not ¢; both times). ¢;;1 and ¢;; are orthogonal by
construction and identified from the cross-section in each period but not across periods. Hence,
Elejj¢|In (Xij,tfl) ,¢;t] = 0, i.e., so that the sequential exogeneity assumption is fulfilled, as only
one lag of the dependent variable is needed to capture the dynamics. The standard argument for
Nickell bias does not apply, because we have j fixed effects for every period. Therefore, we can
estimate this equation using OLS as long as the standard assumptions (such as no serial correlation)
hold.
Equivalently, taking a one-period lag of equation (A12), we have:

Xiji—1 = exp (v11n (Xjji—2) + Pjr—1) + €ije—1- (A15)
Using equation (A15) to replace Xj;; 1 in equation (A11) leads to:
Xijr = exp (71 In (exp (y11n (Xij—2) + Pjs—1) + €iji—1) ) + Pt + Eije- (A16)

As in the linear case, we see that Equation (A14) includes ¢;; 1 and ¢;;, which are orthogonal and
identified only from the cross-section. Hence, the standard Nickell bias also does not apply.

D.2 Assuming 7y to be a known parameter

When we take 71 as a known parameter, i.e., restrict it to be one as suggested by theory, for example,
we can reformulate Equation (A12) as follows:

In (Xijs) — 7110 (Xije—1) = Pjr + €ijes (A17)
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i.e., we bring 1 In (Xij/t,l) to the left-hand side. In other words, we construct a new dependent
variable given by In (Xj;;) — y11n (Xjj;—1). Then we are back in a standard panel setting.

Note that this also works with the multiplicative specification. Let us first assume a multiplica-
tive error term. We start with Equation and re-write:

Xijr = exp (v1In (Xije—1) + ¢jt) 1ijr
= exp (1110 (Xije1)) exp (¢54) 7ijr-
Now, we bring exp (71 In (Xjj;—1)) to the right-hand side:
Xijrexp (—71In (Xije—1)) = exp (@) 7ij
= exp (¢j4) + €ijt,

where we transformed the multiplicative error term into an additive error term using the relationship
Nije = 1+ €ij¢/ exp (¢;). Hence, the new dependent variable is: X;;; exp (—11n (Xjj;—1)) in the
multiplicative case. If we start with an additive error, we have:

Xijr = exp (71 In (Xiji—1) + Pje) + €ijs
= exp (1110 (Xijs1)) exp (¢;4) + &

Now, we bring exp (71 In (Xjj;—1))to the right-hand side:
Xijrexp (—r1In (Xije1)) = exp () +eieexp (—r1In (Xie-1)) -

Hence, we obtain the same new dependent variable. The only difference from the case with multi-
plicative error is that the error term is now heteroskedastic, i.e., varies with exp (—7; In (Xjj;—1)).
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E Simulated data

E.1 Trade cost shock

Tables [A2|and [A3|report the results of the baseline simulations of our procedure for a trade cost
shock between country 1 and country 2 for PPML and log-linear specifications, respectively. In
both cases, our procedure recovers a stickiness parameter close to the true value (i.e., « = 0.7) and
steady-state trade cost elasticities closer to the true value (i.e., B; = —4) compared to the standard
gravity specification. As expected, the difference between the transition phase estimate and the
steady-state estimate of the trade cost elasticity is reduced because the sample includes more periods

after the shock.

Table A2: Regression results for trade cost specification: PPML model

Step 1
Sample: 10 periods Sample: 20 periods Sample: 71 periods
1) @) ®) ) ®) (6)
Flex Reg Sticky Reg Flex Reg Sticky Reg  Flex Reg  Sticky Reg
In(t;;) -3.191%+* -3.596%** -3.889%**
(0.131) (0.0801) (0.0247)
INTER;; -0.212%%* -0.106*** -0.0290***
(0.0344) (0.0210) (0.00648)
In Xjj ;1 1.001%* 1.001*** 1.000%**
,,,,,,,,,,,,,,,,,,,, (0.000336) | (0000174 | (0.0000502)
FEs it, jt jt it, jt jt it, jt jt
Step 2
Stickiness degree: @ 0.65 ‘ 0.71 ‘ 0.73
Step 3
Est. Coef: B; -3.655%** -3.896*** -3.980***
(0.00363) (0.00178) (0.000400)
Observations 9,900 \ 18,900 \ 64,800

Notes: Sample refers to the number of periods after shock included. Standard errors are reported in parentheses.
**p <0.01,**p <0.05*p <0.1.
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Table A3: Regression results for trade cost specification: log-linear model

Step 1
Sample: 10 periods Sample: 20 periods Sample: 71 periods
@ ) ®) 4) ®) (6)
FlexReg Sticky Reg Flex Reg Sticky Reg  FlexReg  Sticky Reg

In(t;) -3.141%* -3.556*** -3.875%**
(0.00740) (0.00491) (0.00163)
INTER;; -0.225%* -0.116%** -0.0328***
(0.00199) (0.00133) (0.000439)
In Xjj4 1 1.002*** 1.001*** 1.000%**
,,,,,,,,,,,,,,,,,,,, (0.000364) | (0.000189) | (0.0000550)
FEs it, jt jt it, jt jt it, jt jt
Step 2
Stickiness degree: & 0.67 \ 0.72 \ 0.74
Step 3
Est. Coef: 1 -3.696** -3.913*** -3.986**
(0.00485) (0.00236) (0.000490)
Observations 9,900 ‘ 18,900 ‘ 64,800

Notes: Sample refers to the number of periods after shock included. Standard errors are reported in parentheses.
***p < 0.01,* p <0.05*p <0.1.

E.2 RTA shock

The simulated data consist of 30 countries. Each country has 100 firms and a labor endowment
of 3000. The distance between a country pair ij with i # j is drawn from a uniform distribution
between 2.5 and 5, and later made symmetric by computing (d;; +d;;) /2. The distance d;; is drawn
from a uniform distribution with lower bound 1 and upper bound 2. The dummy variable INTER
is defined as 1 when i # j, and zero otherwise; that is, it identifies international trade flows. The
elasticity of substitution ¢ is set equal to 5. Fixed costs are normalized to zero (i.e., F = 0), and the
price index of country 30 is set as the numéraire. In period 1, RTAs are formed. For RTAs, we draw
integers from a uniform distribution with lower bound 1 and upper bound 2, assigning a 1 to the
RTA dummy if we draw a 1, and zero else. Hence, while there are no RTAs in place in the baseline,
a share of 0.233 of country pairs trade under an RTA in the counterfactual.

The RTA coefficient B, is set equal to 0.9, which leads to f1 = (1 —0)In(B,) = 0.421. The
coefficient for distance B, is set equal to 0.25, leading to (1 — o) B; = —1, and for the international
border (INTER) we set ; equal to 1.1, which implies that (1 — ¢) In(B;) = —0.381.

As in our baseline specification, Tables|A4|{and [A5|report the results for PPML and log-linear
specifications, respectively. Furthermore, when considering the introduction of RTAs, our procedure
recovers the stickiness parameter close to the true value (i.e., « = 0.7) and the long-run effect of
RTAs closer to the true value (i.e., B1 = 0.421) relative to the standard gravity specification. Again,
the difference between the transition phase and the steady-state estimate of the effect of RTAs is
reduced, as the sample includes more periods after the shock.
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Table A4: Regression results: PPML model with distance

Step 1

Sample: 10 periods

Sample: 20 periods

Sample: 71 periods

) &) ®) 4) ©) (6)
Flex Reg Sticky Reg  Flex Reg  Sticky Reg  FlexReg  Sticky Reg
In(dist;;) -1.000*** -1.000%** -1.000%**
(0.00263) (0.00173) (0.000574)
INTER;; -0.381*** -0.381*** -0.381***
(0.00262) (0.00173) (0.000577)
RTAj 0.328*** 0.374*** 0.408***
(0.00144) (0.000883) (0.000278)
In(Xjj—1) 0.999*** 1.000%** 1.000***
(0.000612) (0.000326) (0.0000951)
“FEs it,jt gt ] it,jt AR it
Step 2
Stickiness degree: @ 0.65 \ 0.69 \ 0.71
Step 3
Est. Coef: (1 —0)By -1.035%** -1.019*** -1.006***
(0.000606) (0.000230) (0.0000394)
Est. Coef: B 0.393*** 0.414*** 0.421***
(0.000364) (0.000135) (0.0000229)
Observations 9,900 ‘ 18,900 ‘ 64,800

Notes: Sample refers to the number of periods after shock included. Standard errors are reported in parentheses.
***p <0.01,"p<0.05*p <0.1.

Table A5: Regression results: log-linear model with distance

Step 1

Sample: 10 periods
1) &)

Sample: 20 periods
®) 4)

Sample: 71 periods
©) (6)

Flex Reg  Sticky Reg  FlexReg  Sticky Reg  FlexReg  Sticky Reg
In(dist;;) -1.000*** -1.000%** -1.000***
(0.00260) (0.00170) (0.000562)
INTER;; -0.381*** -0.381*** -0.381***
(0.00300) (0.00196) (0.000649)
RTAj; 0.326** 0.373%** 0.408"**
(0.000913) (0.000583) (0.000190)
In(X;j;1) 1.009*** 1.005%** 1.001%**
(0.000800) (0.000406) (0.000116)
“FEs itj gt e gt it,jgt gt
Step 2
Stickiness degree: @ 0.63 ‘ 0.68 ‘ 0.71
Step 3
Est. Coef: (1—0)B, -0.890*** -0.925*** -0.976***
(0.00112) (0.000519) (0.0000890)
Est. Coef: B 0.380*** 0.409*** 0.420***
(0.000669) (0.000303) (0.0000515)
Observations 9,900 \ 18,900 \ 64,3800

Notes: Sample refers to the number of periods after shock included. Standard errors are reported in parentheses.
**p <0.01,**p<005*p<0.1.
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E.3 Simulated data: Estimation bias in steady-state coefficients

We illustrate the bias in standard gravity estimates for a permanent change in trade costs (i.e., in
tij+) for a random draw of countries. In this case, the sluggish adjustment factor is given by s;; ; as
defined by equation (25), leading to an upward bias in the trade cost coefficient estimated by the
standard gravity specification. This is illustrated in Figure Figure shows the bias in the
estimates for the steady-state elasticity of an RTA by the standard gravity model, as discussed in
section 3.2
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Figure A2: Standard gravity estimates

In both situations, we observe an attenuation of the shock in the initial periods. The estimated
elasticities converge to their respective steady-state elasticities over time as firms adjust their
consumer prices. We have performed a similar analysis for other types of shocks, showing similar
patterns in the estimation of trade elasticities.
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F Empirical analysis: application to RTAs

F1 Additional evidence for the European Economic Area (EEA) agreement

We compute the yearly change in the average bilateral tariff among members of each RTA as
follows. We use bilateral tariff data by industry from CEPIIL, compute the yearly change in bilateral
tariffs, and aggregate the tariff changes at the country level, averaging across industries. Finally,
we compute the average annual tariff change between the members of the agreement. In other
words, the annual change in the average bilateral tariff between the RTA members is given by
dtariff, = pref, — pref,_,, where pref, is the average preferential tariff between the RTA members in
period t.

In Figure we plot the yearly change in the average bilateral tariff between EEA members
(bars) and the ratio (dots), calculated from 5 years before entry into force to each year on the
horizontal axis. The ratio rises following large tariff reductions and gradually fades over time. After
the initial tariff drop in 1995, the ratio reaches 1.1, implying a 10% upward adjustment relative to
the standard gravity estimate, then declines during years with no significant tariff changes. New
tariff cuts in 2004 and 2007 (driven by the entry of new members to the EEA) raise the ratio again,
up to 1.2, with a more persistent effect than in the earlier period. We use the EEA to illustrate the
link between tariff changes and the estimated adjustment ratio, without examining which features
of the agreement drive this pattern.
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Figure A3: Ratio and tariff changes over time: EEA. Black dots report the recovered ratio if positive
and significant first-step estimates, x reports the ratio when that condition is not fulfilled. Light
blue columns show dtariff,, reported on the right axis.

F2 Ratio adjustment by tariff reduction: all FTAs

Here, we further examine the relationship between the adjustments implied by the recovered
elasticity ratios and the bilateral preferential tariff reductions granted by FTAs relative to members’
MEN tariffs. To do so, we split FTAs into five quantiles based on dDIFF, where Q1 includes
agreements with the largest average preferential tariff reductions and Q5 those with the smallest.
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The quantiles are constructed on the full FTA subsample with positive and significant first-step
estimates.

Table[Af]reports the mean elasticity ratio for two subsamples: FTAs with positive and significant
first-step estimates (third row of Table[#) and FTAs with positive and significant first- and third-step
estimates (last row of Table E]), by tariff-reduction quintile. The lower quintiles, especially Q1,
exhibit greater tariff reductions and generally show larger adjustments in the mean ratio.

To explore heterogeneity, Table [A7] further divides the statistics for FTAs signed before and
after 2000. More recent agreements show a larger share of ratios above one, consistent with our
theory that, all else equal, older agreements are more likely to be closer to their steady state,
hence predicting a lower elasticity ratio. However, as shown for the EEA in Appendix older
agreements with more recent tariff changes can still generate high ratios. We also compute the share
of FTAs with a ratio greater than one (see columns share ratio>1). This share is highest in Q1 and,
more importantly, substantially higher among more recent agreements.

Table A6: FTAs — Ratio by dDIFF quintiles

positive and significant first-step positive and significant first- and third-step
Mean dDIFF Mean ratio Number FTAs ~ Mean dDIFF Mean ratio Number FTAs
1 -0.776 1.180 25 -0.780 1.137 23
2 -0.566 0.931 25 -0.564 1.048 17
3 -0.415 1.033 24 -0.416 1.102 15
4 -0.245 0.979 25 -0.232 1.090 12
5 -0.058 0.890 24 -0.048 1.026 9
Table A7: Pre- and post-2000 FTAs — Ratio by dDIFF quintiles
FTAs: pre 2000 FTAs: post 2000 all
Q Mean ratio share Number = Mean ratio share Number shr r>1
ratio>1 FTAs ratio>1 FTAs

1 1.02 0.67 3 1.18 0.81 21 0.80
2 0.84 0.50 4 0.97 0.42 19 0.40
3 1.23 0.57 7 0.95 0.50 16 0.50
4 0.96 0.33 12 1.00 0.62 13 0.48
5 1.03 0.53 17 0.56 0.00 7 0.38

Notes: “share ratio>1" indicates the share of FTAs with an estimated elasticity ratio greater than one.
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