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. Introduction
Introduction

» Trade adjustment patterns:
1. Infrequent at extensive margin.
2. Volatile, but neither permanent nor transitory at intensive margin.

» Workhorse gravity model:

i. Static: no transitional dynamics;
ii. Homogeneous trade elasticities: Pooled OLS;
iii. Homogeneous exposure to common shocks: country-time FE.

» In practice:

a. Short/long-run welfare gains from trade can be different;
b. Trade between some countries is more persistent;

c. Some countries & trade pairs are more susceptible to "common"
shocks.



Dynamics of Global Trade and GDP Growth
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Introduction

This Paper

» Dynamic gravity model with manifold heterogeneity:
1. Newton+ gravity: lagged trade flows and resistance;
2. Mean Group (MG) estimation of bilateral elasticities;
3. Errors w/ Common Correlated Effects (CCE);
4. Importer-specific trade imbalances.

> Theoretical "toy" model:
i. Armington-type world economy;
ii. Two stages of production;
iii. "Shared history" externality.

» We focus on:
a Trade persistence coefficients;
b Prediction performance "horse race";
¢ Counterfactual fit of trade flows.



Introduction

Result preview

» Cross-sectionally averaged trade persistence coefficients:
1. CCEMG: 0.35 (std. of 0.15);
2. CCEP: 0.37,
3. MG: 0.55;
4. FE: 0.91 (country and time FE); 0.682 (country-time FE).

.. Parameter heterogeneity and common factors are important.

» GVC participation and trade history matter for dynamics and
adjustment to shocks.

» CCEMG better fits the timing of trade adjustments.
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Selected Literature

Literature

> Gravity: Anderson and van Wincoop (2003); Head and Mayer (2014).
Contrib.: dynamics and manifold heterogeneity.

> Trade Adjustment Dynamics: Yotov and Olivero (2012); Alvarez
(2017); Anderson et al. (2020).
Contrib.: heterogeneity and productivity motive for trade persistence.

> Shared History
> Learning-by-Importing: Ethier (1982); Grossman and Helpman
(1995); Keller (2004); Acharya and Keller (2009); Amiti and
Konings (2007); Elliott et al. (2016); Halpern et al. (2015);
Zhang (2017).
> Supply Chains & Persistence: Grossman et al. (2023); Finck and
Tillmann (2022).

Contrib.: dynamics-inducing positive externality.

> Metrics: Pesaran and Smith (1995); Pesaran (2006); Chudik and
Pesaran (2015).
Contrib.: neglected heterogeneity in dynamic panel models + dynamic
factors.
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Setup
Toy Model
> Discrete time: t ={0,1,2,...};
» Many countries: i,j € {1,2,..., N};
» Sequential production: 1st wholesale, 2nd distribution;
> Unit mass of wholesale varieties: w € [0, 1];
» Distributor merges wholesale varieties into consumption good;
» Inelastic labour supply;

> Iceberg costs: djj —1 > 0.



History Externality |

» Wholesale production:
mij,e(w) = zi,chij,t(w). (1)

» Distribution:

1/(1=1/m)
i 1-1
Xijj,t = €jj,tMij t with  my: = |:/ mi ¢(w) /"dw:| ’

)

where n > 1.

» |n other words,

1/(1-1/m)
Xt = { / e’ ”mu,t(ml—”"dw] , (3)

where ej; ; can be thought of as shared history between i and j.

» The course of history is viewed as an externality influencing trade
sourcing decisions over time, but outside equilibrium the repr. household
treats history as exogenously given.

Toy Model



History Externality Il

> Example of learning-by-importing or supply relationships (habits): Toy Model
Xij
ej,t = Xij,Jt—17 (4)

where xj; > 0, such that xj : > mjj ;.

> Generally, ej,: can accommodate different configurations of historical

dependence:
S

— Xij,s
€ij,t -= €jj,t | I Xij t—s (5)

s=1

such that xj;,s — 0 for all i,j € N and s > 0, then shared history e;; ¢
boils down to an exogenous preference or taste shifter, &; ;.
Furthermore, if &jj,¢ is time-invariant, then it corresponds to the
standard Armington weight.

> Another alternative would be to assume that ;s = xf.j instead of zero,
where the coefficient xj; may be interpreted as the bilateral
path-dependence elasticity.

» We do not aim to test the performance of any one particular mechanism
or notion of history, but rather uncover data-supported representation of
the dynamic gravity model and estimate the trade flow persistence.



lceberg Costs

Toy Model
> Competitive price of xjj v

= dij Wit

Pij,e = (6)

€ij,tZit

» Our model features standard iceberg costs at the intensive margin
dij —1>0. Let Pj¢(w) > 0 denote the ‘import’ price of mj;:(w). The
aggregate price index of the wholesale varieties (i.e., the price of the
aggregate bundle my; ;) is given by:

1 1/(1—=n)

Pij,t = /P,-jyt(w)l_”dw . (7)
0

» By the same token, under perfect competition, the break-even price of
the composite good Xxj; ¢, henceforth denoted as Pj; ¢, is proportional to
Pjj ¢, such that altogether we have:

_ dijPii

€.t

P (8)

» Clearly, the cost of the composite good xj;: at present depends on the
historical relationships summarised by e; ;.



Dynamic Gravity Equation

Toy Model
Lemma g

Consider a special case when xj; € (0,1) for all i € n\ j, and xj; # x;i for all
i € n\ j, and/or the iceberg costs are asymmetric, such that dj # dj > 1 for
all i € n\ j, then the gravity equation features the multilateral trade
imbalances.

» Trade flows from i to j at time t in worldwide equilibrium:

1-n S n/(1=m) xj=m)
— dlj d’J \/[,t—s
Aje = Ze 11 =) ’
®iePje DA s Vi Y/

s=1 j —Ss
9

J

where

Xij + Yo . . .
Ajj.t = 225 are "size-adjusted” bilateral trade flows.
’ Yl,tyj‘t
=j,t > 1 is importer j multilateral trade deficit (i.e. = < 1 is surplus).
Pj ¢ is importer j aggregate cost of living.
®; ; is exporter i multilateral trade resistance.

Yt Yit, and Y] are nominal GDP.
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Learning-by-importing Gravity Equation

Empirical
Taking logs on both sides of (9) gives the following log-linear specification: Arr?aﬁ;/rsl,is
s
InAj.e = (1 — 1)ZX§|nA,-j,t,s + InZ; .
s=1

destination trade imbalance

size-adjusted bilateral trade flows

S S
—(n— 1)fojlnd,-j+(n_1)ng.|nd>,-,t_s+ (n—1)InP;,
————

s=0 s=0

destination inward mult/| res.

bilateral resist. source outward mult.'|l res.
S S S
s s s
-7 g X;iInYees+n E X5 In Yie—s+(n—1) E X5 InYje—s.
s=1 s=1 s=1
world size source size destination size

(10)



Methodology

>

| 2

The gravity equation (10) is a large N (39) and large T (65 years:
1950-2014) panel regression model. It extends the interactive fixed
effects of Bai (2009) into a three-dimensional data structure.

Our model captures variation over t = 1,2, ..., T and also spatial
variation across the source country i = 1,2,..., N and the destination
country j = 1,2, ..., N — 1, such that for all j # i:

InAj.e = Bo + X} By + uij e, (11)
uj,e = Njde + &ije, (12)
Xjj,t =“/fj¢t + Vijt, (13)

where In Ajj ; := FLOW;; ; are the size-adjusted trade flows (log)
xjj,t = [FLOWjj ¢—1, TBj ¢, GDP; :—1,GDP; ;_1,GDP;_1] is vector of
all common and country-specific observable variables.

Empirical
Analysis



Methodology

We can expand the error structure as follows: Empirical
Analysis
1
éj,
X = [ At A2 A3j A ] ¢J,§
Pit—1

In dj;

In P;
= [ —@+xp)n-1) (-1 -1 xgn-1) ]| g
it

In®; ;1

(14)

>  ¢; represent some configuration of the unobservable vector of dynamic
common factors (inward and outward multilateral resistances in our
case) and Aj;, vj the country-pair-specific factor loadings.

»  Qur theory identifies the heterogeneity of learning-by-importing specific
to each country pair xj; from the trade persistence coefficient

Buij = xij(n — 1).



Results:

Coefficient Estimates (Baseline)

CCEMG FEI & FE Il MG CCEP
VARIABLES FLOW;; ¢ FLOW;; ¢ FLOW;; ¢ FLOW;; ¢
FLOW;; ¢ 1 0.347%** 0.907*** 0.682*** 0.548%** 0.374%**

(0.00825) (0.00451) (0.00732) (0.00643) (0.0161)
TBj ¢ 0.975%** 0.219%** — 0.803*** 0.612%**

(0.126) (0.0279) — (0.0714) (0.0801)
GDP; +_1 -0.312%** -0.00174 — -0.183%** -0.296***

(0.0778) (0.00749) — (0.0149) (0.0338)
GDP; t—1 -0.117 -0.0239%** — -0.132%** -0.195

(0.0954) (0.00714) — (0.0150) (0.0271)
GDP;_1 0.228 0.322%**

(0.201) (0.0397)
Time Fixed Effects N Y N N
Country/Pair Fixed Effects Y Y N N
Unobservable Common Factors Y N N Y

Note: Robust standard errors in parentheses.
*k% p < 0.01, ¥* p < 0.05, * p < 0.1.

Empirical
Analysis



Results: Coefficient Estimates

Empirical
Analysis

P Trade persistence coefficients in different cases:
» w/o UCF and w/ PE (i.e., FE): 0.91 or 0.68.
» w/ UCF and w/o PE (i.e., CCEMG): 0.35.
» w/o UCF and w/o PE (i.e., MG): 0.55.
» w/ UCF and w/ PE (i.e., CCEP): 0.37.
P CCEMG predicts unitary trade flow elasticity to trade imbalance.

P The signs and magnitudes of the CCEMG estimates are broadly
consistent with the theoretical coefficients.

P Robustness checks: excluding the multilateral trade imbalance (vs. our
theoretical model), re-parameterized version, using different estimators
(e.g. augmented mean group, different UCF, different set of fixed
effects).



Parameter heterogeneity

P Between -0.2 and 0.5. All different from 0 (static) and 0.91/0.68 (FE).

Empirical
Figure: Country-Specific Trade Persistence Coefficients ATEITES
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Parameter heterogeneity

P Between -2 and 2.5. Significance 26/39. Clustered in unit (like theory).
Empirical

Figure: Country-Specific Trade Imbalance Coefficients Analysis
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What is Behind the Trade Persistence?

Table: What Drives Bilateral Trade Persistence?

Trade
All tBlij > 1.64 tﬁlij > 1.96 tﬁlij > 2.575 Persistence
) 5) @ @
VARIABLES In B1j; In B1j; In By In By
In(Bilateral FVA) -0.0536 0.0242 0.0304 0.0407**
(0.0463) (0.0202) (0.0194) (0.0202)
Colony 0.568** 0.198 0.122 0.214*
(0.225) (0.180) (0.191) (0.122)
Common language 0.115* 0.0205 0.0421 0.0134
(0.0688) (0.0388) (0.0357) (0.0335)
In(Distance) -0.101*** -0.0707*** -0.0489*** -0.0490***
(0.0323) (0.0174) (0.0163) (0.0147)
Constant -0.404 0.208 0.0557 0.376
(0.684) (0.321) (0.306) (0.290)
Observations 1,302 923 864 725
R-squared 0.174 0.220 0.234 0.253

Notes: Robust standard errors associated with the Huber/White/sandwich coefficient
estimates are displayed in parentheses. All regression models incorporate source- and
destination-country-specific fixed effects.
*¥** p < 0.01, ¥* p < 0.05 *p < 0.1
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Example: USA and China Trade Flows

P Trade persistence: USA-CHN=0.44 and CHN-USA=0.76.

P USA faces a more flexible and faster adjustment process, with less
dependence on Chinese inputs in its production.

P> More reasonable estimation of adjustment dynamics in CCEMG.

P> Short- vs long-run effect of shocks: see in case of =;; (larger the trade
persistence more years to adjust).

Pair example
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Summary

P Theory of learning-by-importing: common trade shocks cause sharp,

synchronized, but heterogeneous trade flow adjustments.
P Derived dynamic gravity equation: 39 countries (1950-2014). Summary
P CCEMG: heterogeneity pair-level and unobserved common factors.

P Multilateral trade imbalance: important determinant of flows.
P GVC participation and trade history matter for dynamics and
adjustment to shocks.

P Empirical results show two causes of trade persistence predicted by
static/symmetric dynamic equations:
1. Inference based on pooled coefficient estimators.
2. Ill-suited modelling of unobservable common factors.
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A few directions of future research

P> Separating short- to long-run run effects: portraying substantial
structural heterogeneity (see Boehm et al. (2020)).

» Dynamic non-linear panel regression models: to appropriately account
for the "zero trade problem" & parameter heterogeneity & unobservable
common factors.

P Functional elasticities: varying by the GVC participation and as more
elaborate technology to account for GVC complexity.

Future
research



Policy Implications

Future
research

Global Trade Needs More Supply Diversity, Not Less

About the Blog
APRIL 12.2022

By Davide Malacrino, Adil Mol 1, and Andrea Presbitero

=00, 13, Espaiiol. Francais, H A%5%. Portugués, Pyceruit

Countries with trade partners that implemented more stringent lockdowns had a sharper
drop in imports. Though trade flows have adjusted, more diversified global value chains
could help lessen the impact of future shocks.

The demand and supply shocks unleashed by the pandemic were expected to lead to a dramatic collapse in trade,
but international commerce has proven more resilient than during previous global crises.



Marketing: previous version

Supply chains and trade flows volatility in the face
of global shocks

pLY CHAINS,
SNTERRUPTED. 22z

Future
research

Helping to predict trade flows at a
time of global crisis
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Thanks for your attention! WP

emailto: mcomunale@imf.org, j.dainauskas@Ise.ac.uk, p.lastauskas@cantab.net

Thanks!
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