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Abstract

The COVID-19 pandemic severely disrupted the maritime transportation industry, leading
to a historic surge in container freight rates, which only returned to pre-pandemic levels
in 2023. In this paper, I examine the welfare effects of this disruption in international
freight rates on Colombia during the 2020-2023 period. To this end, I use a quantitative
model of international trade with out-of-steady-state transitional dynamics and a global
production network, along with a model-consistent empirical strategy to estimate trade
elasticities by exploiting variation in freight rates using an instrumental variable approach.
I quantify both the direct effects of freight rate increases on goods transported to and from
Colombia, as well as the indirect impact of increased rates on routes throughout the rest
of the world. The freight disruption caused a welfare loss of 0.3%, attributable solely
to the direct effects, as the indirect impact simultaneously enhanced Colombia’s relative

trade openness, thereby offsetting the increase in global shipping costs.
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1 Introduction

One of the most well-established results in the international trade literature is the close re-
lationship between welfare and trade costs. In addition to natural and policy-induced trade
barriers, a substantial share of these costs arises from international transportation, which was
severely disrupted by the COVID-19 pandemic. In particular, the maritime transport sec-
tor—responsible for approximately 80% of global trade volumes (Heiland and Ulltveit-Moe,
2020a; UNCTAD, 2021b) —faced a confluence of unprecedented logistical and operational
challenges, leading to a historically large surge in freight rates beginning in late 2020 and
persisting for nearly three years. Accordingly, while the COVID-19 pandemic reduced welfare
through multiple channels, one important mechanism operated through international trade
and global production networks via disruptions to maritime transportation. Despite its po-
tential quantitative importance, this channel has received relatively limited attention in the
literature.

In this study, I quantify the welfare loss associated with this disruption for a specific
country: Colombia. Given the increasing importance of global trade networks, I not only assess
the direct effects of higher freight rates on goods imported and exported by Colombia, but also
examine the indirect effects arising from increases in freight rates on all other international
routes. To do so, I employ a quantitative, multi-country, multi-sector model of international
trade with input—output linkages, closely following the structure of Caliendo and Parro (2015)
to capture global production networks. Moreover, to account for the dynamic nature of the
shock, the model incorporates out-of-steady-state transitional dynamics and sectoral labor
reallocation costs, as in Caliendo et al. (2019) (hereafter CDP). Building on CDP, I model
bilateral trade costs by distinguishing between time-variant international transportation costs
—proxied by observable container freight rates— and other trade barriers. This approach
allows me to quantify how the variation in freight rates across major global shipping routes
observed during the post-pandemic period affected key economic variables in the Colombian
economy.

Central inputs for this quantification exercise are the trade elasticities, that is, the sensitiv-
ity of different trade flows to changes in trade barriers. I propose a model-consistent strategy
for estimating these elasticities, tailored to the set of countries and tradable sectors used in the
model, and exploiting the temporal variation observed in freight data across shipping routes
as a source of variation in trade barriers. Because bilateral freight rates are arguably endoge-
nous to bilateral trade flows, I employ an instrumental-variable (IV) approach to estimate
these elasticities. The instrument leverages the heterogeneous timing of lockdowns during the
pandemic. The empirical strategy yields a statistically significant aggregate trade elasticity
close to —1, which lies towards the lower end of the range of existing estimates in the literature
(for a review, see Anderson and van Wincoop, 2004, Head and Mayer, 2014, Boehm et al.,
2023). However, I show that this aggregate elasticity masks substantial heterogeneity, not



only across sectors, but also across time horizons; the latter is evaluated using time-series
methods (Jorda’s 2005 local projections) that allows to control for the dynamic structure of
the autocorrelation in freight rates. Accordingly, the quantitative exercise uses sector-specific
trade elasticities estimated at horizons consistent with the quarterly frequency of the dynamic
model of trade.

With the estimated trade elasticities, I use the trade model to quantitatively assess the
impact of the worldwide post-pandemic freight disruption on the Colombian economy. The
quantification is conducted using the dynamic extension of the “exact-hat algebra” approach of
Dekle et al. (2008), as proposed by CDP. This technique solves the model in time differences
and evaluates counterfactual scenarios by comparing a factual quarterly baseline economy
with a counterfactual one in which some fundamentals differ. The factual baseline economy is
constructed by matching the model exactly to data from a pre-pandemic year with full data
availability (2019) and then allowing the unobservable fundamentals (e.g., sectoral productivity
levels, mobility costs across sectors, and bilateral international trade costs) to evolve over
time, as inferred from observed global trade flows and the sectoral reallocation of workers
in Colombia during the shock. The intuition behind this method is that observed bilateral
expenditures and labor allocations constitute sufficient statistics for inferring the underlying
economic fundamentals.

Once the baseline economy is constructed, the following counterfactual question is evalu-
ated. Suppose an economy in which all changes in fundamentals occur exactly as they did,
except that there is no freight shock—that is, freight rates do not change. What would have
happened differently in Colombia? The difference between the baseline economy and this
counterfactual reveals the contribution of changes in worldwide freight rates alone to Colom-
bian trade, employment, wages, and ultimately welfare, while allowing all other fundamentals
to evolve as they did during the pandemic and its aftermath.

The results of the baseline counterfactual exercise reveal that the observed global freight
disruption had significant effects on both the allocation of Colombian workers and overall
welfare. First, real wages decreased across all economic sectors, reducing real consumption and,
consequently, lowering the model-consistent measure of welfare by 0.3%. Second, adjustments
in wages relative to the option value of not working led to a transitory increase in non-
employment, averaging 0.7% of the workforce (approximately 165 thousand workers) during
the period 2020-2024. Although these shifts out of employment are quantitatively meaningful,
they are moderate compared to the broader patterns of labor reallocation observed in the
baseline economy. Third, within the employed population, and perhaps unexpectedly, the
shock induced a modest reallocation of workers toward tradable sectors. For example, the
share of manufacturing employment temporarily increased by about 0.08% on average during
the 20202024 period, with small but horizon-dependent effects on total exports.

To understand this latter, apparently counterintuitive, set of results, I compare the impact

of increases in freight rates restricted to routes directly involving Colombia (i.e., its imports



and exports) with the impact of increases in freight rates on all other international routes. The
corresponding counterfactual exercises show that the effects on exports and within-employment
labor reallocation operate in opposite directions across these two scenarios. This occurs be-
cause employment reallocations respond to changes in relative wages, and each subset of freight
shocks generates opposing adjustments in the wages of tradable relative to non-tradable sec-
tors, thereby inducing heterogeneous export responses. When freight rates rise only on routes
involving Colombia, international trade becomes relatively more costly only for the country,
leading to a decrease in the relative wages of the tradable sectors and a contraction in exports:
Colombia becomes relatively more closed to the rest of the world. This mechanism operates
even after accounting for the integration of Colombia’s productive structure into international
trade networks, as captured by the global input-output structure of the model. By contrast,
when freight rates increase only on routes that do not involve Colombia, the country be-
comes relatively more open to the rest of the world and the opposite adjustment takes place.
Consequently, the impacts on exports and labor reallocations derived in the main counterfac-
tual reflect the interaction of opposing forces that partially offset one another, with the final
outcome depending on the relative magnitude of freight rate increases on routes involving
Colombia compared to those affecting other routes.

Finally, regarding welfare, my findings indicate that the overall welfare loss resulting from
the disruption in the maritime transportation industry can be largely attributed to the elevated
freight rates on goods imported into and exported from Colombia. Notably, while increases
in freight rates on routes that do not involve Colombia —holding constant freight rates on
goods crossing the Colombian border— do generate a cost-push effect that affects Colombia’s
productive structure, they also increase the country’s relative trade openness vis-a-vis the rest
of the world. This, in turn, induces an expansion of the tradable sector, generating gains from

trade that partially offset the adverse effects of higher global shipping costs.

Related literature

This study belongs to a growing literature on trade that uses quantitative Ricardian models
to study transitional dynamics after a set of shocks hits an economy. The core structure of
those models, built on the multi-sector version of the Eaton and Kortum’s (2002) model of
trade and its extension to consider I-O linkages of Caliendo and Parro (2015), is a workhorse
framework in the trade literature, that, as opposed to older computable general equilibrium
models, provides micro-theoretical foundations and a tight connection between theory and
data. This type of model has been used extensively for quantitative analysis during the last
decade —see Costinot and Rodriguez-Clare (2014) and Caliendo and Parro (2022) for a review,
but mainly for the purpose of performing comparative static exercises (e.g., assessing the
impact of trade policies or technology shocks, or the consequences of liberalization episodes).

Instead, their use to study out-of-steady-state transitional dynamics is relatively recent.



Several studies incorporate this type of dynamic adjustments into multi-sector, multi-factor
models of international trade with input—output linkages, including CDP, Rodriguez-Clare
et al. (2025b), Caliendo et al. (2021), Rodriguez-Clare et al. (2025a), Dix-Carneiro et al. (2023),
and Ulate et al. (2025).! In the first four contributions, the models additionally incorporate
spatial frictions across regions—a dimension from which I abstract—to study the implications
of the “China shock” in the United States (CDP and Rodriguez-Clare et al., 2025b), the effects
of the 2004 European Union enlargement (Caliendo et al., 2021), and the consequences of the
2025 U.S. tariff war (Rodriguez-Clare et al., 2025a). By contrast, Dix-Carneiro et al. (2023)
augment the framework with consumption—saving decisions and within-sector labor market
frictions to analyze labor market responses to technology, trade, and preference shocks across
six countries. Finally, and most closely related to this paper, Ulate et al. (2025) use the model
developed by Rodriguez-Clare et al. (2025b) to study the effects of temporary increases in
iceberg trade costs on the U.S. labor market, motivated by global supply chain disruptions
during the pandemic. A key distinction between their analysis and mine is my explicit effort
to map the observed evolution of container freight rates across shipping routes into model-
consistent transportation cost shocks, achieved through the estimation of sector-specific trade
elasticities.

My research is also related to the literature that estimates trade elasticities. Broadly
speaking, there are two main empirical approaches to estimating these elasticities: exploit-
ing variation in tariffs (e.g., Head and Ries (2001), Romalis (2007), Caliendo and Parro
(2015), Fontagné et al. (2022), Boehm et al. (2023), among others) or exploiting variation in
transportation costs (e.g., Limao and Venables (2001), Martinez-Zarzoso and Suérez-Burguet
(2005), Jacks and Pendakur (2010), Shapiro (2016), Fraser (2018), among others). This study
contributes to the second strand of the literature, in which transportation costs are typically
measured either directly, using observed freight rates for specific routes (as in Limao and Ven-
ables, 2001, Martinez-Zarzoso and Suérez-Burguet, 2005, Jacks and Pendakur, 2010, and in
this paper), or indirectly, using CIF/FOB ratios? constructed from trade data reported by
the same country, in order to address the concerns raised by Hummels and Lugovskyy (2006)
regarding the comparability of data across reporters.® Empirical strategies in this literature
typically rely on the estimation of gravity-type equations and, as in this paper, several studies
adopt instrumental-variables approaches to address the endogeneity between freight rates and
trade flows (Martinez-Zarzoso and Suéarez-Burguet, 2005; Jacks and Pendakur, 2010; Shapiro,
2016). With the exception of Jacks and Pendakur (2010), the cited studies find trade elastic-

! Kleinman et al. (2023) also study a trade model with out-of-steady-state transitional dynamics and forward-
looking migration and investment decisions, but their baseline framework features a single sector.

2 CIF: Cost, Insurance, and Freight; FOB: Free on Board. Since CIF equals the sum of FOB and transport
costs, the CIF/FOB ratio corresponds to one plus the ad valorem freight and insurance rate.

3 For this reason, an advantage of using direct freight rates is that they are often considered to be of higher
quality (Gaulier et al., 2008).



ities with respect to transportation costs that are statistically significant and of the expected
negative sign. When transportation costs are used as the source of variation, estimated elastic-
ities range from —0.42 in Fraser (2018) to —7.91 in Shapiro (2016). Accordingly, my estimated
aggregate elasticity of —1.05 falls within this range, albeit toward its lower end. Nevertheless,
I show that this aggregate elasticity masks substantial heterogeneity across sectors and time
horizons; the latter heterogeneity is found using Jorda (2005) local projection methods, in the
spirit of the tariff-based application of Boehm et al. (2023).

This study also contributes to the extensive body of literature that examines the implica-
tions of the COVID-19 pandemic on various dimensions. Specifically, it aligns with research
that analyzes the evolution of the international maritime transportation industry during the
crisis (Heiland and Ulltveit-Moe, 2020a,b; UNCTAD, 2021b) and the effects of the pandemic
and its aftermath on global container shipping and ports (Hou et al., 2022; Yang et al., 2023).
Furthermore, it relates to studies that assess the macroeconomic impacts of the pandemic on
the Colombian economy, particularly in terms of trade flows (Graziano and Tian, 2023), real
consumption (Acevedo et al., 2022), and the sectoral allocation of employment (Morales et al.,
2022; Bonilla-Mejia et al., 2023).

Finally, considering my results regarding the increase in freight rates in routes not involving
Colombia, which indicate that Colombia’s relative position improves as other countries fare
worse, there is a potential link between this study and the existing literature on unilateral trade
protection. Relevant articles in this strand include Brander and Spencer (1981), Venables
(1987), Ossa (2011), and Tobal (2017), among others.

The organization of the paper is as follows. Section 2 presents the empirical motivation by
examining the evolution of container freight rates during the COVID-19 pandemic. Section
3 introduces the dynamic model of trade with observable freight rates. Section 4 discusses
how, using CDP’s dynamic exact-hat algebra, the model can be solved and implemented for
counterfactual analysis, and outlines the data requirements and parameterization, including
the trade elasticities for which I provide a model-consistent estimation strategy. Section 5
presents the results of the main counterfactual exercise that removes the freight disruption
from the transportation-cost component while allowing all other fundamentals to evolve as
observed during the pandemic. I also perform additional counterfactuals to understand the
mechanisms behind the baseline results and conduct several robustness checks. Finally, Section

6 concludes.

2 Container freight rates during the COVID-19 pandemic

As the global economy emerged from the sharp and abrupt contraction in economic activity
triggered by the COVID-19 pandemic in early 2020, a confluence of factors led to a pronounced
increase in container freight rates worldwide, beginning in late 2020. These factors included

port congestion and delays induced by lockdowns and other sanitary measures; supply-chain



bottlenecks affecting numerous manufacturing sectors; logistical constraints in accommodating
the rapid recovery of demand relative to pre-pandemic expectations; and exogenous shocks such
as the temporary obstruction of the Suez Canal (see Brooks et al. 2020a,b; UNCTAD, 2021a
for a summary). Although initially viewed as transitory, many of these forces proved more
persistent than anticipated, resulting in historically elevated delivery times and freight rates
throughout 2021 and 2022. Only in 2023, as pandemic-related disruptions fully receded and
global economic conditions normalized, did the maritime transport industry gradually return
to pre-pandemic conditions.

To study the evolution of container freight rates during the pandemic, I collect available
time series for different routes all around the world from three different data providers: Drewry,
Freightos/Baltic Exchange and Ningbo. Each of these sources collects real-time information
on spot carry rates from different freight forwarders and aggregates them to construct repre-
sentative rates for individual shipping routes.* Table C.1 in the appendix shows the 36 routes
with available information from any of the three data providers. Those routes involve trade
between 18 different regions around the world, shown in Figure 1, which are either shipping

destinations, shipping origins, or both.

Figure 1 — Routes and Regions with Available Information of Container Freight
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Note: The sources for each route are indicated in Table C.1, and the countries that belong to each of the
displayed regions are listed in Table C.2.

Figure 2 jointly depicts the monthly evolution of all available container freight rates since
2017. Most of the series show a noticeable increase starting in late 2020. In 2021, worldwide
freight rates increased on average to four times their 2019 levels (306%). However, the increases
were largely heterogeneous. By splitting the routes between the origins and destinations that

depart or arrive from Asia (East) or other places (West), Figure 3 shows that the increases were

4 All rates are reported in USD per forty foot container, so the resulting measures are comparable.



more striking in the routes departing from locations in the East (first row). This asymmetry
is even present when observing freight rates between the same pair of regions. For example,
the 2021 average container freight for shipping from China to East North America increased
323% compared to its average level in 2019, while shipping the other way round was only 34%

more expensive in 2021 compared to 2019.

Figure 2 — Container Freight Rates During the COVID-19 Pandemic
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Note: All rates are reported in thousand USD per forty foot container. Sources: Drewry, Freightos and
Ningbo container indexes.

The latter set of facts poses a challenge to the standard approach in which transportation
costs are introduced in quantitative trade models. Commonly, under the assumption of a full
pass-through of tariffs to consumers, the consumer price of a good from sector j in country n
originated in country ¢ at time ¢, is modeled as a function of the before-duty and transport-cost

price at country i’s border (FOB price) pi’j as:

P = (1) g )
where 1™ > 1 s the (iceberg) transportation cost component, that includes freight, insurance
and other non-pecuniary barriers for trade, and 7;" "1 is the ad-valorem tariff on the CIF price
(ypmid pi’j ). Usually, ¥ is unobservable and is modeled simply as a function of the distance
between country pairs (e.g., Hummels, 2007; Fontagné et al., 2022); as a function of distance
and other time-invariant country-pair characteristics capturing natural barriers (adjacency,
land border) and cultural barriers (common language, colonial background); or simply as
a time-invariant importer—exporter fixed effect. In any of these cases, the approach is at
odds with the behavior of freight rates in the aftermath of the COVID-19 pandemic. First,

freight rates were clearly time-varying, as Figure 2 shows. Second, even in a cross-section, the

distance effect was asymmetric between West—East inbound and outbound routes (Figure 3).



To address these issues, in the next section I introduce, within an otherwise standard model of
international trade, a more general representation of transportation costs. In particular, I allow
Y™ to vary over time by distinguishing between time-varying international transportation

costs —proxied by observable container freight rates, F/* hereafter— and other trade barriers.

Figure 3 — Container Freight Rates by West/East Direction of the Route
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*All rates are reported in thousand USD per forty foot container. Sources: Drewry, Freightos and Ningbo container
indexes.

3 A quantitative dynamic trade model with freight rates

In what follows, I present a standard quantitative Ricardian model of international trade with
multiple sectors and an input—output structure, as in Caliendo and Parro (2015), extended to
incorporate transitional dynamics over multiple time periods, as in CDP. The model mirrors
the economy described in CDP but abstracts from spatial (regional) dynamics within the
studied country for simplicity. The key distinction relative to CDP is that international trade
costs are separated into transportation costs —captured by freight rates— and other trade
barriers, which include both observable (such as tariffs) and unobservable obstacles to trade.
In the following, I denote time periods by ¢t = 1,2, ... sectors by j,k = 1,2, ..., J and countries
by i,n=1,2,..., N.



3.1 Consumers

Consumers in each country are forward looking and have perfect foresight and a discount
rate § > 0. They can be either employed or non-employed, in the latter case consumption
is obtained from country-specific exogenous home production ™ > 0. In our country of

interest, call it n, the labor market is segmented, with barriers to mobility across sectors,”

represented by a time-invariant sector pair-specific labor relocation cost ¢™J* measured in

terms of utility.® Thus, workers in sector j supply a unit of labor inelastically and receive a
sector-specific competitive market wage w;’ 7 The total consumption of those individuals is
represented by C}' J , which is a Cobb—Douglas aggregator of the final goods purchased from
each other sector, that is, C;' J = ngl(c?’j k)an’k where a™* are the expenditure shares that
add up to one. The aggregate price index is P;* = ngl(Ptn’k/a”’k)an’k where Ptn’k is the
price index of the final goods purchased from sector k, defined below.

The consumers’ problem is to decide in each period in which sector supply their labor in
order to maximize their lifetime utility, subject to idiosyncratic shocks for each choice, denoted
by e (with zero mean), and the barriers to mobility across sectors ¢(7¥. Denoting sector 0 as
non-employment, the formal problem of a worker is:

vl = 1In O+ {IknE}X {,BE [v?ﬁ} — ¢k 4 Vef}
k=0

ot O = b" ‘ ifj=0
! wy? /P otherwise

where Vf’j is the lifetime utility, and v quantifies the variance of the idiosyncratic shocks.
Once a distributional assumption on the shocks e is imposed (Type-I extreme value), it is
possible to obtain closed-form solutions for both the expected lifetime utility for working in a
given sector j and the transitions of labor across sectors.” Particularly, denoting the expected

lifetime utilities by V™ = E [V?_’_jl} , these are given by:

Vil = lan’j +vin

J h i 1/v
e (it )] §

h=0
so the expected lifetime utilities depend on both the current utility derived from working in
the current sector and the option value to move to any other sector. Finally, the share of

workers in the studied country n who reallocates from sector j to k in time ¢, can be written

® The existence of barriers of mobility across sectors even for workers that do not migrate from their initial
locations has been well documented in the literature. See, for instance, Alvarez-Cuadrado et al. (2020) or
Pulido and Swiecki (2020) for the case of barriers between agriculture and non-agriculture.

5 For simplicity and to avoid larger data requirements, for the remaining countries a non-segmented labor
market is assumed; i.e. with free labor mobility and the same wage across sectors.

" These solutions are standard in discrete choice models, see CDP for the full derivations.



as:

N\ 1/v
(e
l’l’t’ = J (3)

> exp BV - ¢t .
h=0

Notice that in (2) and (3), 1/v, the inverse of the standard deviation of the idiosyncratic

shocks, plays the role of a inter-sectoral relocation elasticity. Further, equation (3) helps to
characterize the evolution over time of sectoral employment in country n, since employment
in sector j in time ¢ + 1 can be expressed simply as:

J

n,kj nk
Lty =Y m™ Ly ()

k=0

3.2 Firms

A continuum of firms of country n in each sector j produces varieties of intermediate goods.
Firms use as inputs labor (I/*) and structures (k") as primary factors and a bundle of
materials from all sectors of the economy, Hk (MY ’jk) , where 4™7* is the share of
materials from sector k in the production of sector j. Their total factor productivity depends
on a common sectoral component (A™/) and a firm-specific component (2"7). As usual, I
assume that the latter component is the realization of a Fréchet distribution with a shape
parameter that varies by sector, #7.8 Finally, firms’ technology displays constant returns to

scale, and takes the form:

,]k n,jk

g = 27 (AP (e ()€

||’:]u

where 4™J > 0 is the share of value added in output,? £” the share of structures in value added
and ¢ 7 the units of the variety produced. Cost minimization in perfect competition implies
that firms price at their unit cost, 2}/ /29 (A7) where 7 is the standard Cobb-Douglass

unit price of an input bundle, given by:
J .
2 = B (e () Y H Ik (5)

where 73’ 7 is the rental price of structures in sector j of country n and B™/ is a constant. In
this way, the price of any variety depends on the aggregate price of all intermediate goods,

implying that a shock in any single sector (as a transportation cost shock) will affect all the

8 Here the location parameter is normalized to 1, but this parameter is isomorphic to the sectoral component
n,j

of firm-productivity, (Af‘j)v
9 Constant returns to scale implies that y™7 4+ Zi;l A |

10



sectors in the economy, via the cost of the bundle of materials.

In each sector, there are producers of composite intermediate goods that are used either as
materials for the production of intermediate varieties or for final consumption. They supply
a total of Q?’j units of the good by purchasing intermediate varieties from the lowest-cost
suppliers across countries.'? Varieties purchased from other countries are subject to interna-
tional icerberg-type trade costs, detoned by n?i’j . I follow Shapiro (2016) to decompose m?i’j
in a part that depend on observable freight F/*', and another part that includes both tariffs
7 “J and a component €7 that is difficult to observe and includes border effects, language

differences, informational barriers, and other barriers to trade:

KM = (1 n r{”’j> Frignisd (6)
with £}/ = oo for non-tradable sectors j and £/ = 1 and 7"/ = 0 for n = i. Thus, the

price paid by producers of the sectoral aggregate good for a particular variety is given by the

minimum unit cost across all countries, taking into account trade costs:

n,j ) /i?%]{lfi’]
pt = min .. ’L] 07
(i, 29 (A7)
ne,j

with x, 7 as in (6). By solving for p?’j , standard properties of the Fréchet distribution over

27 imply that the price of the sectoral aggregate good has a closed form solution, equal to:

N , o4 -1/69
. . .. .o\ —6 o\ BIyYd
P =T [Z (aiw?)  (427) ] @

1=

and that the share of total expenditure in country n on goods j from market ¢ is equal to:

i (70 Y=09 ATy (2 9y~ (41900
= ~ _ \Ijn’j (8)
D (kg (A t
m=1
. ni,j
with 7,7 = ))((tn,j . Equation (8) is the gravity equation of the model.
t

3.3 Markets clearing

The model is closed with standard goods and factors market-clearing conditions. On the one
hand, goods market clearing requires that the total expenditure on a good of a given sector
in a country be equal to the value of the total demand for the good used as materials in all
sectors of the economy, plus the value of its final demand. The final demand is a constant share
(a™7) of the total income of workers and renters of structures. To deal with trade imbalances,

following CDP, it is assumed that the renters of structures send all their local rents to a global

0n particular,Q?’j is a CES aggregator of the different quantities demanded of intermediate goods of a
given variety.
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portfolio, which in return receive a constant share ¢ from it (here (" is disciplined by observed
trade imbalances in the initial period).!! On the other hand, the market clearing conditions
for labor and structures require that the total expenditure of both workers and renters of
structures be equal to their respective incomes. Since these conditions are essentially the same
as in CDP, their equations (B.1-B.3) are relegated to Appendix B.1.

3.4 Equilibrium

The equilibrium of the model is a sequential competitive equilibrium that can be formu-
lated as follows. Given an initial distribution of workers {Lg’j }fj:‘]l i1
state variables {C”’jk,b”,Tm’j,H”’j}N’N’J’J

n=1,i=1j=1,k=1"
n,j _nij _ni,jyN,N,J00 n,j ~n,jk ¢enon.g o n
{A 7 e ™ b2 =1 4—o» technology parameters {ymd ymIk e amd Y

constant exogenous

time-varying exogenous state variables
N,J,J

n=1,j=1k=1
elasticities {93 }j, sectoral reallocation elasticity v and discount factor 3; a sequential com-

petitive equilibrium of the dynamic model under freight {th}g:]}[fi 1.1—0 18 characterized by a

7]:[;’1’0;21 1o, sectoral reallocation shares {p;""”’ k}g;]l";’z 1420
o I N N . T C
lifetime utilities {V;"},2T;_, and labor {L}}, 2, _, that satisfies equilibrium conditions (2),

(3), (4), (5), (7), (8), (B.1), (B.2) and (B.3) for all countries i,n sectors j, k and periods t.

trade

sequence of labor prices {w;™}

4 Model setup

In what follows, I present the implementation of the dynamic trade model outlined in Section
3. First, I describe how the model is solved and how it is used to perform counterfactual
analysis using CDP’s dynamic exact-hat algebra. The technique involves constructing two
economies, a baseline and a counterfactual, whose inputs and data requirements are described
next. Among these inputs are the trade elasticities, for which a model-consistent estimation

strategy is presented below.

4.1 Model solution

I use the dynamic version of "exact-hat algebra" (developed in CDP and built on the static
formulation of Dekle et al., 2008) to solve the model in relative time differences and to evaluate
counterfactuals. The main advantage of this technique is that it does not require information
on any of the exogenous state variables of the model (see the list of variables in the defini-
tion of equilibrium above). Moreover, the method allows the model to match the sector-level
input—output structure and observed trade data exactly, while substantially reducing the com-
putational burden when solving the model to perform counterfactual exercises.

In summary, dynamic exact-hat algebra first requires expressing the system of equations

1 In the subsequent periods, the difference between the remittances and the income renters receive generates
imbalances, and the the price of the infrastructures in each period match those imbalances to the trade deficits
or superavits. In this way, trade imbalances become endogenous in the model.
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that define the equilibrium of the model in relative time differences, which is done in Appendix
B.3. Then, for each period t, the new system can be used to solve for the variables of interest
(factor prices, sectoral labor reallocation shares, and lifetime utilities) given the variables
already known from the previous period ¢ — 1 and the values of a path of relative changes
in the exogenous state variables —hereafter referred to as fundamentals— and in freight.
Thus, starting at ¢ = 1 and iterating forward, it is possible to solve for the full time paths
of all variables of interest —call these paths the "baseline economy"— using the observed
information for a base year ¢t = 0 and an anticipated convergent sequence of changes in
fundamentals and freight.

The sequence of fundamentals can be either constant or time-varying. In the first case, the
sequence of variables of interest in the baseline economy can be computed using only informa-
tion from the base year ¢ = 0 and the initial sectoral labor reallocation matrix. In this case,
the output variables generated will not necessarily coincide with the observed data on bilateral
trade and labor reallocation shares. In the second case, however, time-varying fundamentals
allow those output variables to match the actual data exactly. Thus, by observing the time
paths of bilateral trade and labor reallocation shares, the system can be solved to infer the
relative changes in fundamentals.

Once the time paths of the variables in the baseline economy are obtained, counterfactual
scenarios can be evaluated. For this purpose, the entire system in relative time differences
representing the baseline economy can be reexpressed relative to a new system —also in
time differences— that represents the counterfactual one, yielding the structural difference-
in-differences system shown in Appendix B.4. With this new set of equations, it is possible
to compute the impact of a given change in the baseline sequence of relative changes in
fundamentals and freight rates on the relative time differences of the output variables. The only
additional piece of information needed is the relative change in the sequences of fundamentals
and freight rates between the baseline economy and the counterfactual one.

To isolate the impact of rising freight rates from other pandemic-related effects —during
which many fundamentals may have changed dramatically— I construct a quarterly baseline
economy that starts in a pre-pandemic year with available data (2019), continues with time-
varying fundamentals throughout the pandemic and the freight disruption (i.e., 2020-2023),
and then extends forward with constant fundamentals and freight rates thereafter (2024 on-
ward). Thus, the baseline economy coincides with the observed economy up to 2023 and moves
toward its steady state beginning in 2024. The counterfactual economy, in turn, assumes that
all fundamentals evolve exactly as in the baseline except for the component of trade barriers
due to freight, which is held constant during the 2020-2023 period. In this way, the difference
between the baseline economy and the counterfactual one reveals the impact of changes in
worldwide freight rates on Colombian trade, employment, wages, and welfare when all other

fundamentals evolve exactly as they did during the pandemic.
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4.2 Baseline economy

As stated above, I set 2019 as the pre-pandemic base year and construct the baseline economy
at a quarterly frequency with time-varying fundamentals from 2020 to 2023 and constant
fundamentals thereafter. To do this, in addition to the set of constant parameters described
below, I require data on the initial sectoral allocation of labor Lg(’)]ig, the transition matrices
1% the bilateral trade shares 7"/ and the sectoral outputs X/ for the years with time-
varying fundamentals, i.e., ¢ = 2019,2020, ...,2023. Following CDP, I assume that there is
no labor migration across countries and that the only segmented labor market is that of
the studied country, i.e., Colombia. This implies that the labor transition matrix—the most
challenging object among the data requirements—and the initial allocation of labor are inputs
that are needed only for Colombia.

Therefore, the collected data set consists of: i) the matrices ;' " and X I for t =
2019, 2020, ..., 2023 for a set of 40 selected countries (39 countries plus an aggregate “rest of
the world") and 32 two-digit ISIC Rev. 4 industries (15 tradable and 17 non-tradable) listed
in Appendix A, obtained from the OECD’s Inter-Country Input—Output (ICIO) tables and
the TiVA database; ii) LQCOOIIQj , derived from the GEIH (Colombia’s household survey), restrict-
ing the sample to individuals between 25 and 65 years of age (around 23.8 million persons);
and iii) ,utc obik for ¢ = 2019, 2020, ..., 2023, the matrices of quarterly transition probabilities
across sectors, estimated from PILA, the Colombian social security administrative records,
which provide full coverage of formal workers.'? For further details on the construction of the
dataset and the criteria for selecting countries and sectors, see Appendix A.

For the constant parameters, I proceed as follows. First, the technological parameters—the
input-output coefficients (7"*) and the value-added shares (y™7)—are taken from the OECD’s
ICIO tables and the TiVA dataset for 2019, so they match exactly the trade and output data
in the base year; additionally, the share of structures in value added (£") is collected from
the Penn World Tables (PWT) for 2019. Second, the calibrated parameters are the quarterly
discount factor § = 0.99 and the (inverse) sectoral reallocation elasticity v = 5.34, both of
which follow CDP. In Section 5.3, I present robustness checks to variations in the sectoral
reallocation elasticity, since this parameter can depend on the idiosyncrasies of the Colombian
labor market.

Finally, trade elasticities #7 are estimated for the same set of selected countries and tradable
sectors used in the model, using a model-consistent empirical strategy. Taking logs of the
gravity equation (8), the determinants of bilateral sectoral flows can be rewritten in linear
form. The reduced-form coefficients of the resulting linear equation can then be estimated by

regressing log freight rates on log bilateral flows and controlling for the following set of fixed

12 An implicit assumption is that transition probabilities across sectors are similar in the formal and informal
segments of the labor market. Although not ideal, this assumption is necessary given the lack of data on
transitions among informal workers.
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effects:
In X = 677 4 670 + 8" 4 Bpn By + By tn (14777 ) 4+ o] 9)

In (9), the exporter-industry-time fixed effect, 6§’j , absorbs —67 In xi] + 67~%7 In Ai’j , 1.e. the
sources of comparative advantage of the exporter; the importer-industry-time fixed effect, 4" J ,
captures In X,/ —In W/ i.e. importer’s total demand and the resistance term for the importer;
and the exporter-importer-industry fixed effect, §™%7, collapses —6/In 7"/ i.e. time-invariant
bilateral trade frictions (see Appendix B.2 for the proof). More importantly, the estimated
coefficient B on freight rates identifies —67, the trade elasticity. Thus, by estimating equation
(9), it is possible to obtain trade elasticities that are grounded in the theoretical model and
appropriate for the selected set of countries and industries, as well as for the freight data used
in the counterfactual exercises.

Regarding the estimation of equation (9), the related literature (Martinez-Zarzoso and
Suéarez-Burguet, 2005; Jacks and Pendakur, 2010; Shapiro, 2016) has established that using
OLS can deliver biased estimates, since freight rates are arguably endogenous to bilateral
flows. Freight rates are, in essence, the prices of shipping services and therefore depend on
both the supply of transportation and the volume of trade demanded. This implies that trade
flows and freight rates are simultaneously determined. To address this endogeneity, I estimate
equation (9) using an IV strategy.

I use monthly sectoral trade and container freight data spanning from January 2017 to
December 2023. Because monthly freight data are available only for the 18 regions shown
in Figure 1, I assign the 40 selected countries to the geographically closest available region,
as indicated in Table C.2.13 Regarding the instrument, I exploit the heterogeneous timing
of lockdowns during the pandemic. The instrument is a dichotomous variable that equals
one for a route in those months when both the origin and destination countries were un-
der lockdown.!* Because I control for demand at destination in each period (through im-
porter—industry—time fixed effects) and for productivity across origins in each period (through
exporter—-industry—time fixed effects), aggregate demand and supply shocks associated with
countries entering lockdown are absorbed by the fixed effects. The identifying variation there-
fore comes exclusively from the timing at which both partners on a route enter lockdown
relative to routes that had not yet experienced any lockdown.

Table 1 presents the baseline results for the estimated aggregate trade elasticity. The

regressions control for average sectoral tariffs (at an annual frequency) and for the set of

13 Admittedly not ideal, this imputation is necessary given the limitations of the available freight data. As a
sensitivity test, I perform robustness checks by grouping bilateral trade data into 18 regions, which yields no
significant differences in the results. It is worth noting that, because I have different freight rates for routes
departing from or arriving at each coast in North America, I divide North American countries into western
and eastern sub-regions according to the share that the aggregate of all western or eastern states or provinces
has in national annual trade flows. See Appendix A for further details on this procedure.

14 Pigure D.2 in Appendix D illustrates the timing of lockdowns across countries.
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fixed effects in equation (9). In addition, the regressions exclude industries for which tankers
or bulk dry ships are the main transportation modes rather than container ships (oil and
agriculture/food). Clustered standard errors are reported at the route sector level to account

for (auto)correlation within trade partners.

Table 1 — IV Baseline results

M @) @)
v First stage Reduced form
In(Trade) In(Freight) In(Trade)
In(Freight) -1.047%*
(0.497)
Mutual lockdowns 0.073%** -0.077**
(0.008) (0.036)
Importer x Industry x Time FE Yes Yes Yes
Exporter x Industry x Time FE Yes Yes Yes
Exporter x Importer x Industry FE Yes Yes Yes
Observations 131967 131967 131967
F first stage (Kleibergen-Paap) 83.7

*All regressions control for tariffs. Industries where bulk dry ships or tankers are the
primary transportation modes are excluded (agriculture/food and oil). Clustered (at
the route-sector level) standard errors in parentheses.

* p<0.1, ** p<0.05, *** p<0.01

The results in Table 1 show that the estimated trade elasticity (-1.05) is statistically sig-
nificant and of the expected negative sign. Both the F statistic and the estimated coefficient
of the first stage suggest that the instrument is relevant. Moreover, the estimated elasticity
is robust to the treatment of zeros in the data, to consider observables in the bilateral trade
barrier component (at the expense of possible omitted variable bias), or to modify the instru-
ment to take into account heterogeneity on the impacts of the lockdowns on freight by making
the treatment to vary by port-quality; robustness checks that are relegated to Appendix B.5.

Regarding its magnitude, the estimated value lies toward the lower end of the range of
existing estimates in the literature that use freight data (between —0.42 in Fraser (2018) and
—7.91 in Shapiro (2016); see the literature review section for further details). A possible
explanation for the relatively low value obtained is the reliance on high-frequency (monthly)
time-series variation around temporary shocks to freight costs.'® However, it is worth noting
that this aggregate elasticity masks substantial heterogeneity, both across time horizons and
across sectors.

First, recent evidence suggests that the response of trade flows to trade barriers depends

15 Studies examining the effects of the recent U.S. tariff hikes that also exploit monthly variation (albeit in
tariffs) similarly find relatively low trade elasticities (see, for example, Fajgelbaum et al., 2019).
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on the time horizon over which it is evaluated. Using Jorda’s (2005) local projection methods,
Boehm et al. (2023) show that trade elasticities differ between the short run and longer hori-
zons, and argue that when exploiting time-series variation, the autocorrelation patterns of the
explanatory variables should be explicitly accounted for. Accordingly, Figure 4 replicates the
approach in Boehm et al. (2023) and computes trade elasticities for different horizons (ranging
from one month to 18 months) using local projections and the same instrument and set of
fixed effects as in Table 1.16 The aggregate trade elasticity is highest when evaluating the
cumulative response of trade flows three to four months ahead, with the elasticity reported in
Table 1 representing a value close to the average across the evaluated horizons.!'” Given the
quarterly frequency of the dynamic model of trade, I therefore use the elasticity estimated at
the four-month ahead horizon, which provides a reasonable proxy for the one-quarter-ahead

trade elasticity, the most appropriate choice for the model’s quantitative application.

Figure 4 — Trade Elasticity Heterogeneity across Time Horizons

Elasticity

-3

T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Horizon (months)

= Elasticity by horizon == Point estimate in Table 1

Notes: Trade elasticities by horizon are estimated using Jorda’s (2005) local projections, following Boehm et al. (2023).
90% confidence bands are displayed.

Second, there is substantial heterogeneity across industries. Figure 5 displays the point es-

16 Specifically, Figure 4 reports the estimates for each horizon h from the following equation:
Antn X719 = B A n B 85, + 8757 + 03 4 8o ln (147757 ) ey (10)
where Ap X = Xi4n — Xi—1. The specification includes lags of both trade flows and freight rates as pre-trend

controls, and it is consistent with the baseline specification in Boehm et al. (2023) (see their equation (4)).

7 Notice that, in contrast to Boehm et al. (2023), the estimated trade elasticities do not decrease mono-
tonically toward their long-run values. This difference is likely attributable to the transitory nature of freight
shocks, as opposed to the more persistent tariff shocks studied in that setting. While a deeper investigation of
these dynamic differences would be of interest, it lies beyond the scope of this study.
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timates from the baseline specification when trade elasticities are estimated separately for each
included industry. The figure also reports the same elasticities obtained from local projections
at the four-month horizon. As an external validation exercise, I compare these estimates with
those from Fontagné et al. (2022), who estimate trade elasticities using product-level data and
exploiting annual variation in bilateral tariffs for a large set of country pairs (152 importing
and 189 exporting countries) over the period 2001-2016.'% Although the baseline estimates
include three elasticities that are economically implausible (positive) and six that, while nega-
tive, are smaller than one in absolute value, and therefore, inconsistent with the Fréchet model,
their correlation with the estimates from Fontagné et al. (2022) remains relatively high (62%).
Using instead the elasticities obtained from local projections at the four-month horizon, most
estimates increase in absolute value and only one remains implausible (sector 12, electrical
equipment), while maintaining a high correlation with those from Fontagné et al. (2022). For
this reason, I use the latter set of elasticities as the values of #7 in the dynamic trade model;
these values are reported in Table C.3 of the Appendix, with the remaining implausible elas-
ticity replaced by the aggregate estimate in the four-month horizon (-1.43). It should be noted
that in the quantitative exercises with the structural model, I will provide a robustness check

of the counterfactual results by alternatively using the elasticities of Fontagné et al. (2022).

Figure 5 — Trade Elasticity Heterogeneity across Sectors
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projections are compared with those reported in Fontagné et al. (2022). Industry labels correspond to the codes listed
in the first column of Table A.2.

18 Specifically, Fontagné et al. (2022) pool all HS6 products within each of the industries considered here
(both studies rely on the same OECD Trade in Value Added (TiVA) aggregation) and compute sectoral trade
elasticities as the average of product-level elasticities within each sector.

18



4.3 Counterfactual economy

The only additional information required to compute how output variables change between the
baseline and counterfactual economies is the relative change in the sequence of transportation

costs across the two economies, that is:

(11)

.y 2023
ni,j
{ g } ni Y 2023
t—1 ) t=2020,counter factual __ { t—1 }
t=2020

..y 2023 ni
Ky Ft
Nni,j

t—1 ) +=2020,baseline

where the equality follows from the facts that the determinants of trade barriers other than
freight rates do not change between the two economies, and that in the counterfactual the
freight rates are constant. The ratios in equation (11) are observable, except for routes for
which freight rates are unavailable; for these cases, I implement the following imputation
scheme.

First, I estimate a model of observable container freight rates (observed from 2020Q1 to
2023Q2) as a function of bilateral maritime distance D™ —defined as the number of days
required for a ship to complete a round trip between the primary ports of each country, as
constructed by Feyrer, 2021— in order to impute missing observations. Specifically, I estimate

the following model:

Bgt if i € Fast

. . D
FP' = AP (D™ D with B =
BV?,J if i € West

(12)
where AP is a common monthly shifter across all routes that captures the aggregate impact
of the pandemic on the maritime transportation industry; ,Bilt) is the elasticity of freight rates
with respect to distance, which I allow to vary over time and across exporter regions (East
versus West), consistent with the evidence discussed in Section 2; and E%t captures other
time-varying determinants of container freight rates unrelated to distance and is assumed to
be mean-zero in logs and orthogonal to distance. I estimate equation (12) in logarithms by
OLS, including time fixed effects and a triple-interaction term D™ x time X I;cpast.

Figure D.3 in Appendix D illustrates the in-sample performance of the model by comparing
predicted and observed freight rates, showing a reasonably good fit. Figure D.4 in Appendix D
presents some out-of-sample predictions, demonstrating that the model successfully replicates
the heterogeneous behavior of freight rates across regions of departure, even for the same route.

Finally, to ensure that the disruption under study is transitory —as suggested by the
reversion of freight rates after 2023 to their pre-pandemic levels— I impute freight rates for
the second half of 2023 (i.e., 2023Q3 and 2023Q4) to force rates on each route to converge
back to their initial values in 2020Q1.' In this way, I ensure that the evaluated shock is fully

19 The imputation distributes the difference between the observed freight rate in 2023Q2 and its initial level
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transitory.
Armed with quarterly values of F/* for all country pairs over the period 2020-2023, I
compute equation (11) and evaluate counterfactuals by solving equations (B.14)—(B.21) in

Appendix B.4. The next section presents the main results of these exercises.

5 Model results, mechanisms and robustness checks

In this section, I present the model results on the effects of the freight disruption during
2020-2023 on the Colombian economy, focusing on real wages, labor reallocation, international
trade, and welfare. To shed light on the mechanisms underlying the baseline results, I also
report results from counterfactual exercises in which freight rates are held constant under the
following scenarios: (i) only on routes in which Colombia is either the origin or the destination;
(ii) on all routes excluding those involving Colombia; and (iii) only after the peak of the
disruption. Finally, I conduct a sensitivity analysis of the baseline results with respect to

variations in the calibrated parameters.

5.1 Baseline Results

The freight disruption affected both relative prices and labor allocations. With respect to the
former, Figure 6 illustrates the differences in real wages between the factual economy (subject
to the rise in freight rates) and the counterfactual economy. The comparison is shown both for
the tradable—non-tradable split (panel A) and for an aggregation of the original 32 industries
into five broad sectors (panel B). As a result of the increase in freight rates, real wages in all
sectors temporarily declined during the disruption. However, and perhaps unexpectedly, the
decline was more pronounced in non-tradable sectors, such as services and construction.

It is important to note that all real wages are deflated using the aggregate price index;
therefore, differences in the evolution of real wages across sectors reflect adjustments in relative
wages only. Accordingly, the results reveal that relative wages declined more sharply in non-
tradable sectors. As I explain below, these adjustments in relative wages depend on the extent
to which global shocks to transportation costs shifted the economy toward a higher or lower
degree of trade openness relative to the rest of the world. In particular, worldwide freight rates
may have increased more along routes not involving Colombia, thereby making the tradable
sector relatively more competitive vis-a-vis the rest of the world, even in the presence of higher

transportation costs.

in 2020Q1 evenly over 2023Q3-2023Q4 using a constant growth rate for each route, ensuring that freight rates
return exactly to their initial values by 2023Q4.
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Figure 6 — Effects on the Levels of Real Wages
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Regarding employment effects, Figure 7 displays the absolute differences in sectoral em-
ployment shares of Colombian workers between the factual and counterfactual economies,
illustrating the impact of the freight disruption on worker reallocation. First, the global in-
crease in container freight rates led to a temporary rise in non-employment (including both
unemployment and inactivity). On average during the 2020-2024 period, the effect amounted
to 0.69% of the workforce (approximately 165 thousand workers), reaching a peak of 1.3% in
2022Q2 (around 311 thousand workers), as shown in panel A of Figure 7. This response is
attributed to the overall decline in real wages, which increased the relative value of home pro-
duction. It is important to note that, relative to the magnitude of labor market adjustments
observed during the pandemic and its aftermath, these effects are moderate. Panel A of Figure
D.5 in the Appendix shows the transitional dynamics of the non-employment share in both
the baseline and counterfactual economies, confirming that although the effects are sizable in

absolute terms, they are small relative to the overall workforce reallocation observed over the

period studied.
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Figure 7 — Impacts of Increases in Worldwide Freight on the Reallocation of Workers
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Second, within the employed population, adjustments in relative wages also induced a
modest and transitory reallocation of workers, primarily toward tradable sectors. For example,
manufacturing experienced an average increase in employment of 0.08% (approximately 15
thousand workers), reaching a peak in 2021Q2 of 0.25% (around 48 thousand workers), as
shown in panel B of Figure 7. In contrast, the employment share in services declined on average
by 0.13% (approximately 25 thousand workers), with a maximum drop of 0.30% (around 57
thousand workers). When compared with the reallocation of workers out of manufacturing and
into services in the baseline economy (panels C and E of Figure D.5 in the Appendix), these
effects temporarily slow the structural reallocation of workers toward non-tradable sectors, but
remain modest in magnitude.

This modest reallocation of workers toward tradable sectors was accompanied by small ef-
fects on Colombian exports associated with the freight disruption. Panel A in Figure 8 shows
the effects on the average share of total output exported by tradable sectors, while Panel B
reports these ratios for both the baseline and the counterfactual economies. In this counter-
factual (the line labeled “worldwide disruption”), where the global freight shock is evaluated,
affecting not only routes involving Colombia but also all remaining routes worldwide, the effect
on transportation costs for Colombia and the rest of the world keeps the degree of openness
relative to the rest of the world with marginal changes. This leads to only a modest, short-
lived increase in the export-to-output ratio at the onset of the shock (up to 0.3%), followed by
a subsequent correction and decline (up to 0.7%). Once again, these aggregate effects mask
opposing forces stemming from increases in freight rates on routes involving Colombia versus

those affecting routes elsewhere in the world, which are disentangled below.
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Figure 8 — Impacts of Increases in Freight on Exports to Gross Output Ratios
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To quantify the impact on welfare, CDP show that in this class of dynamic trade models
a model-consistent measure of the welfare effect of a change in fundamentals is the present
discounted value of the expected change in real consumption relative to the change in workers’

option values, ™77, given by:
Colj ~— '
~ O 7]
Welfare = E 6t In ("C?OW (13)

Evaluating equation (13) by aggregating welfare using the initial employment shares across
sectors 7, I find that the worldwide increase in container freight rates leads to a welfare loss
of 0.30% in Colombia, consistent with the average decline in real wages. Column (1) of Table
2 summarizes the main findings of this section, which are compared with the results from the

subsequent counterfactual exercises.

Table 2 — Results of Counterfactual Exercises

M @) ®) @)

Worldwide Only All routes Permanent

disruption Colombia except Colombia disruption
Average change in non-employment share 0.70 0.58 0.15 1.86
Maximum change in non-employment share 1.31 1.13 0.28 2.81
Average change in manufacturing share 0.08 -0.46 0.43 0.45
Maximum change in manufacturing share 0.25 -0.81 0.77 0.64
Average change in services share -0.14 0.30 -0.36 -0.50
Maximum change in services share -0.30 0.52 -0.64 -0.81
Welfare impact -0.30 -0.25 -0.05 -5.08

Notes: Changes in labor shares are computed as the differences between the baseline (factual) and counterfactual
economies over the period 2020-2024. All values are reported in percentage points. (%)
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5.2 Mechanisms

To gain a deeper understanding of the mechanisms underlying the latter results, I first partition
the full set of shocks to worldwide container freight rates into two subsets: one comprising
shocks affecting only routes that directly involve Colombia, and another consisting of shocks
on all remaining routes.

Figure 9 illustrates the effects on real wages (panel A) and labor allocation (panel B)
resulting from the increases in freight rates exclusively on routes in which Colombia is either the
origin or the destination, while column (2) of Table 2 summarizes the main findings.? In this
case, the transitory reallocation of workers is toward non-tradable sectors, with services gaining
employment share (on average 0.30%, peaking at 0.52%), while manufacturing experiences the
largest decline (0.46% on average and 0.81% at the peak). This pattern arises because the
shock effectively makes the Colombian economy more closed relative to the rest of the world,
activating the standard general-equilibrium forces associated with a move toward autarky
—namely, an increase in relative wages in non-tradable sectors that induces a contraction
of tradable activities. This contraction is also reflected in exports, with a noticeable decline
in the average export-to-gross-output ratio, which fell by more than 2% at the peak of the
disruption (see the line labeled “Only Colombia” in Figure 8). Average real wages also decline
across all sectors, leading to employment losses that are somewhat smaller than in the scenario
with the full set of freight shocks (0.58% on average and 1.13% at the peak), and to welfare

effects of a similar but moderately smaller magnitude, amounting to a welfare loss of 0.25%.

Figure 9 — Impacts of Increases in Freight Only for Routes that Involve Colombia
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Figure 10 replicates the impacts on real wages and labor allocation now evaluating the

effects of freight increases worldwide except on routes involving Colombia, while column (3) of

20 That is, in this counterfactual, freight rates are held constant only on routes involving Colombia. The
impacts are evaluated again as the differences between the paths of the baseline and counterfactual economies.
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Table 2 summarizes the main findings. In this case, Colombia becomes relatively more open
to the rest of the world. As a result, the adjustment of relative wages moves in the opposite
direction compared to the previous case, the real wages in the tradable sector even increase,
reflecting gains from trade, and the impact on exports is positive, as shown in Figure 8 (line
labeled “All routes except Colombia”). Consequently, manufacturing experiences a significant
expansion, slightly larger in magnitude than the contraction observed in the previous scenario.
Regarding welfare, in this case the increase in real wages in the tradable sector due to gains
from trade partly offsets the decline in real wages in the non-tradable sector. As a consequence,
the average real wage declines by less, leading to a smaller reallocation of workers between
employment and non-employment (0.15% on average and 0.28% at the peak) and to smaller
welfare loss, of 0.05%.

Figure 10 — Impacts of Increases in Freight for Routes that do not Involve Colombia
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The latter results imply that the effects on exports and employment reallocation obtained
in the main counterfactual —in which the worldwide freight disruption is evaluated— arise
from opposing forces that partially offset each other, with shocks affecting routes not involv-
ing Colombia playing a dominant role in shaping export outcomes and within-employment
reallocation.

Finally, I explore the consequences of altering the nature of the observed freight disruption
from a transitory shock to a permanent one. In this scenario, I evaluate the effects of holding
each freight rate fixed at its route-specific peak value observed in mid-2022. Figure 11 shows
the effects on real wages and labor allocation, while column (4) of Table 2 summarizes the
findings. Under a permanent shock of this magnitude—under which some routes experienced
freight increases of up to ten times their pre-pandemic levels—welfare would decline by 5.3%.
The associated employment loss would also be permanent, amounting to 2.8% of the workforce.
Finally, the reallocation of workers within employment and the response of exports follow a

qualitatively similar pattern to that observed under the transitory disruption, with increases
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in the employment shares of tradable sectors.

Figure 11 — Impacts of Permanent Increases in Freight
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5.3 Robustness checks

In this section, I explore the robustness of the baseline results to alternative values of the
main elasticities of the model, i.e., the estimated trade elasticities 6 j and the (inverse) sectoral
reallocation elasticity v. First, with respect to éj, I conduct a sensitivity analysis by replacing
the estimated trade elasticities with those reported by Fontagné et al. (2022) (Table C.3 in
the Appendix compares the two estimates). Column (2) of Table 3 presents the results. As
expected, because the elasticities in Fontagné et al. (2022) are, on average, larger in absolute
value (only two of my estimated elasticities exceed those in Fontagné et al., 2022), changes in
freight rates generate larger quantitative effects. Specifically, the welfare loss is larger (0.5%),
the average employment losses are higher (1.1%), and the extent of the reallocation within
employment increases. However, the magnitudes of these effects are close to those in the
baseline, and, more importantly, the direction of the reallocation effects remains unchanged
relative to the baseline. That is, the seemingly counterintuitive reallocation towards tradable
sectors is not an artifact of the magnitude of the trade elasticities, but rather reflects the
relative magnitude of freight rate increases on routes involving Colombia compared to other

routes.
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Table 3 — Counterfactual Results for Alternative Parameterizations

O 2) 3) (4)

Baseline FGO elasticities Lower v Higher v

Parameters

Trade elasticities 0; Base FGO Base Base
Sectoral reallocation elasticity v 5.34 5.34 4.00 7.00
Discount factor 8 0.99 0.99 0.99 0.99
Impacts (%)

Average change in non-employment share 0.70 1.11 0.87 0.56
Maximum change in non-employment share 1.31 2.07 1.66 1.04
Average change in manufacturing share 0.08 0.24 0.09 0.07
Maximum change in manufacturing share 0.25 0.56 0.31 0.21
Average change in services share -0.14 -0.28 -0.16 -0.11
Maximum change in services share -0.30 -0.58 -0.37 -0.25
Welfare impact -0.30 -0.50 -0.28 -0.31

Notes: Changes in labor shares are computed as the differences between the baseline (factual)
and counterfactual economies over the period 2020-2024. All values are reported in percentage
points. (%).

Second, with respect to v, columns (3) and (4) of Table 3 present the results of the main
counterfactual exercise under alternative values of the sectoral reallocation elasticity, setting
v = 4.0 and v = 7.0, respectively, instead of the baseline value of 5.34. In the first case, a
lower value of v implies greater worker reallocation in response to changes in relative wages.
As a result, larger job losses are expected for a given increase in freight rates. Column (3) of
Table 3 shows that labor reallocation indeed follows this pattern: average job losses increase
from 0.70% in the baseline counterfactual to 0.87% when v is lower. However, the associated
welfare impact remains largely unchanged, implying that v has little effect on the transmission
of freight shocks to average real wages. Conversely, column (4) shows that a higher value of
v leads to smaller employment losses, while its effects on welfare are again quantitatively

negligible.

6 Conclusions

By utilizing a state-of-the-art quantitative model of international trade that incorporates a
rich set of realistic features —such as input—output linkages, out-of-steady-state transitional
dynamics and barriers to sectoral labor mobility— the general equilibrium effects of changes
in international transportation costs, mapped to observable container freight rates, on a given
country of interest can be rigorously evaluated. In particular, the discipline of the dynamic
trade model and the solution method used to characterize the equilibrium and perform coun-

terfactual analysis (CDP’s dynamic exact-hat algebra) allow for a systematic and internally
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consistent evaluation, while requiring relatively limited data inputs and involving a low com-
putational burden.

The results indicate that the temporary increase in container freight rates, driven by
post—COVID-19 disruptions in the global maritime transportation industry, resulted in a wel-
fare loss of 0.3% for the Colombian economy, along with labor reallocations toward tradable
sectors. Although these quantitative effects are meaningful in their own right, the model offers
additional value by shedding light on the heterogeneous effects of transportation cost shocks
on key variables of interest, which depend on the degree of integration of the studied econ-
omy into global production networks and on how individual international shipping routes are
affected. Specifically, for the Colombian economy, my counterfactual exercises reveal that the
direction of the effects on exports and employment reallocation depends primarily on the rela-
tive magnitude of freight rate increases on routes involving Colombia compared to increases on
other routes. In other words, the resulting impacts depend on whether transport cost shocks
affect Colombia more or less than its trading partners, making the economy relatively more
open or closed compared to the rest of the world.

Three avenues for future research are worth noting. First, in the quantitative exercise, I
rely on information on comparable freight rates from different data providers. Although these
rates provide a direct measure of freight costs, they suffer from limited coverage for several
routes. A more granular analysis could instead exploit CIF/FOB ratios to proxy for freight
costs, by combining customs data from multiple countries. Second, the type of international
trade model used here allows only for the evaluation of real effects. Beyond these real effects,
the increase in container freight rates likely generated inflationary pressures, both directly
on tradable goods and indirectly on the rest of the economy through input—output linkages.
Quantifying the inflationary impact of this disruption would require extending the model
to incorporate nominal features, such as price or wage rigidities, thereby enabling a more
comprehensive assessment of the policy-relevant consequences of freight shocks. And finally,
the dynamic extension of the exact hat algebra used in this paper relies on the assumption of
perfect foresight to solve for the equilibrium transition paths. Relaxing this assumption could
imply, for instance, changes in the speed of labor reallocation, among other issues that are

worth exploring in more detail.

References

Acevedo, R. A., Harmath, P., Mora, J. U., Puente, R., and Aponte, E. (2022). Shock de-
termination in a two-stage decision-making model: The case of COVID-19 in Colombia.

Managerial and Decision Economics, pages 1-11.

Alvarez-Cuadrado, F., Amodio, F., and Poschke, M. (2020). Selection and Absolute Advantage
in Farming and Entrepreneurship. CEPR Discussion Papers 14269, CEPR.

28



Anderson, J. E. and van Wincoop, E. (2004). Trade costs. Journal of Economic Literature,
42(3):691-751.

Boehm, C. E., Levchenko, A. A., and Pandalai-Nayar, N. (2023). The long and short (run) of
trade elasticities. American Economic Review, 113(4):861-905.

Bonilla-Mejia, L., Florez, L. A., Hermida, D., Lasso-Valderrama, F., Morales, L., Ospina, J.,
and Pulido, J. (2023). Is the pandemic fast-tracking automation in developing countries?
Evidence from Colombia. Journal of Human Capital, 17(4):593-616.

Brander, J. and Spencer, B. (1981). Tariffs and the extraction of foreign monopoly rents under

potential entry. Canadian Journal of Economics, 14(3):371-89.

Brooks, R., Fortun, J., and Pingle, J. (2020a). Supply chain disruptions continue to build.

Technical report, The Institute of International Finance.

Brooks, R., Fortun, J., and Pingle, J. (2020b). The global spread of supply chain disruptions.

Technical report, The Institute of International Finance.

Caliendo, L., Dvorkin, M., and Parro, F. (2019). Trade and labor market dynamics: General
equilibrium analysis of the China trade shock. Econometrica, 87(3):741-835.

Caliendo, L., Opromolla, L. D., Parro, F., and Sforza, A. (2021). Goods and Factor Mar-
ket Integration: A Quantitative Assessment of the EU Enlargement. Journal of Political
Economy, 129(12):3491-3545.

Caliendo, L. and Parro, F. (2015). Estimates of the trade and welfare effects of NAFTA. The
Review of Economic Studies, 82(1 (290)):1-44.

Caliendo, L. and Parro, F. (2022). Trade policy. In Gopinath, G., Helpman, E., and Rogoff,
K., editors, Handbook of International Economics: International Trade, Volume 5, volume 5

of Handbook of International Economics, chapter 4, pages 219-295. Elsevier.

Conte, M., Cotterlaz, P., and Mayer, T. (2022). The CEPII Gravity database. CEPII Working
Paper 2022-05, CEPIL.

Costinot, A. and Rodriguez-Clare, A. (2014). Trade theory with numbers: Quantifying the
consequences of globalization. In Gita Gopinath, E. H. and Rogoff, K., editors, Handbook

of International Economics, volume 4 of Handbook of International Economics, pages 197 —
261. Elsevier.

Dekle, R., Eaton, J., and Kortum, S. (2008). Global rebalancing with gravity: Measuring the

burden of adjustment. Working Paper 13846, National Bureau of Economic Research.

29



Dix-Carneiro, R., Pessoa, J. P., Reyes-Heroles, R., and Traiberman, S. (2023). Globalization,
Trade Imbalances, and Labor Market Adjustment*. The Quarterly Journal of Economics,
138(2):1109-1171.

Eaton, J. and Kortum, S. (2002). Technology, geography, and trade. Econometrica, 70(5):1741—
1779.

Fajgelbaum, P. D., Goldberg, P. K., Kennedy, P. J., and Khandelwal, A. K. (2019). The

return to protectionism. The Quarterly Journal of Economics, 135(1):1-55.

Feyrer, J. (2021). Distance, trade, and income - The 1967 to 1975 closing of the Suez canal as

a natural experiment. Journal of Development Economics, 153:102708.

Fontagné, L., Guimbard, H., and Orefice, G. (2022). Tariff-based product-level trade elastici-
ties. Journal of International Economics, 137:103593.

Fraser, A. (2018). The Choice of Transportation Mode in International Trade. In Essays in
Environmental Economics and International Trade. Vancouver School of Economics, Uni-

versity of British Columbia.

Gaulier, G., Mirza, D., Turban, S., and Zignago, S. (2008). International Transportation Costs
Around the World: A New CIF /FoB rates Dataset. Technical report, CEPII.

Graziano, A. G. and Tian, Y. (2023). Trade disruptions along the global supply chain. Working
papers 243, University of Nottingham, GEP.

Head, K. and Mayer, T. (2014). Chapter 3 - gravity equations: Workhorse, toolkit, and
cookbook. In Gopinath, G., Helpman, E., and Rogoff, K., editors, Handbook of International

Economics, volume 4 of Handbook of International Economics, pages 131-195. Elsevier.

Head, K. and Ries, J. (2001). Increasing returns versus national product differentiation
as an explanation for the pattern of U.S-Canada trade. American Economic Review,
91(4):858-876.

Heiland, I. and Ulltveit-Moe, K. (2020a). An unintended crisis in sea transportation due
to COVID-19 restrictions. In Evenett, S. and Baldwin, R., editors, COVID-19 and Trade
Policy: Why Turning Inward Won’t Work, chapter 11, pages 151-162. CEPR Press.

Heiland, I. and Ulltveit-Moe, K. (2020b). Cumulative COVID-19 restrictions and the global
maritime network. In Evenett, S. and Baldwin, R., editors, Revitalising multilateralism:
Pragmatic ideas for the new WTO director-general, chapter 7, pages 109-117. CEPR Press.

Hou, W., Shi, Q., and Guo, L. (2022). Impacts of covid-19 pandemic on foreign trade in-
termodal transport accessibility: Evidence from the yangtze river delta region of mainland
china. Transportation Research Part A: Policy and Practice, 165:419-438.

30



Hummels, D. (2007). Transportation costs and international trade in the second era of glob-

alization. Journal of Economic Perspectives, 21(3):131-154.

Hummels, D. and Lugovskyy, V. (2006). Are Matched Partner Trade Statistics a Usable

Measure of Transportation Costs? Review of International Economics, 14(1):69-86.

Jacks, D. S. and Pendakur, K. (2010). Global Trade and the Maritime Transport Revolution.
The Review of Economics and Statistics, 92(4):745-755.

Jorda, O. (2005). Estimation and inference of impulse responses by local projections. American
Economic Review, 95(1):161-182.

Klaus, S. e. (2019). The Global Competitiveness Report. Technical report, World Economic

Forum.

Kleinman, B., Liu, E., and Redding, S. J. (2023). Dynamic spatial general equilibrium.
Econometrica, 91(2):385-424.

Limao, N. and Venables, A. J. (2001). Infrastructure, geographical disadvantage, transport
costs, and trade. The World Bank Economic Review, 15(3):451-479.

Martinez-Zarzoso, 1. and Suarez-Burguet, C. (2005). Transport costs and trade: Empirical
evidence for Latin American imports from the European Union. Journal of International
Trade and Economic Development, 14(3):353 — 371.

Morales, L. F., Bonilla-Mejia, L., Pulido, J., Florez, L. A., Hermida, D., Pulido-Mahecha,
K. L., and Lasso-Valderrama, F. (2022). Effects of the COVID-19 pandemic on the Colom-
bian labour market: Disentangling the effect of sector-specific mobility restrictions. Cana-
dian Journal of Economics, 55(51):308-357.

Ossa, R. (2011). A “New Trade” theory of GATT/WTO negotiations. Journal of Political
Economy, 119(1):122-152.

Pulido, J. and Swiecki, T. (2020). Barriers to mobility or sorting? Sources and aggregate impli-

cations of income gaps across sectors in Indonesia. mimeo, University of British Columbia.

Rodriguez-Clare, A., Ulate, M., and Vésquez, J. P. (2025a). The 2025 trade war: Dynamic
impacts across U.S. states and the global economy. Working Paper 33792, National Bureau

of Economic Research.

Rodriguez-Clare, A., Ulate, M., and Vasquez, J. P. (2025b). Trade with nominal rigidities:
Understanding the unemployment and eelfare effects of the China shock. Journal of Political

Economy. Forthcoming.

31



Romalis, J. (2007). NAFTA’s and CUSFTA’s Impact on international trade. The Review of
Economics and Statistics, 89(3):416-435.

Shapiro, J. S. (2016). Trade costs, co2, and the environment. American Economic Journal:
Economic Policy, 8(4):220-54.

Silva, J. M. C. S. and Tenreyro, S. (2006). The log of gravity. The Review of Economics and
Statistics, 88(4):641-658.

Tobal, M. (2017). Regulatory entry barriers, rent shifting and the home market effect. Review
of International Economics, 25(1):76-97.

Ulate, M., Vasquez, J. P., and Zarate, R. D. (2025). Labor market effects of global supply
chain disruptions. Journal of Monetary Economics, 149:103724.

UNCTAD (2021a). Container shipping in times of Covid-19: Why freight rates have surged,
and implications for policymakers. Technical report, UNCTAD.

UNCTAD (2021b). Review of Maritime Transport 2021. Technical report, UNCTAD.

Venables, A. (1987). Trade and trade policy with differentiated products: A Chamberlinian-
Ricardian model. Economic Journal, 97(387):700-717.

Yang, Y., Liu, Q., and Chang, C.-H. (2023). China-europe freight transportation under the first
wave of covid-19 pandemic and government restriction measures. Research in Transportation
Economics, 97:101251.

32



Appendix

A Data: Sources and Selection of Countries and Sectors

A set of countries and sectors is selected to ensure both the availability of the variables re-
quired by the model and relevance given the routes for which freight rates are available. Be-
cause value-added shares, input—output coefficients, and gross output measures are required,
the selection is based on the countries and sectors available in the OECD’s Inter-Country
Input—Output (ICIO) and Trade in Value Added (TiVA) databases (2023 release). Regarding
countries, of the 65 regions reported in ICIO-TiVA (64 countries plus an aggregate for the rest
of the world), the 15 with the lowest participation in Colombian trade flows during 2019-2021
were discarded. Furthermore, because the estimation of the trade elasticity requires monthly
bilateral trade flows, an additional set of 10 countries was excluded due to missing, incomplete,
or substantially delayed monthly data. As a result, the final sample consists of 39 countries
plus an aggregate for the rest of the world, listed with their corresponding ISO codes in Table
Al

Table A.1 — List of Countries and ISO3 Codes

Europe Asia Americas
BEL Belgium CHN  China ARG Argentina
DNK Denmark IND  India BRA Brazil
FRA  France HKG Hong Kong CAN1,2 Canada
DEU Germany ISR Israel CHL Chile
HUN Hungary JPN  Japan COL Colombia
ITA  Ttaly KOR Rep. of Korea PER Peru
ROU Romania MYS Malaysia MEX1,2 Mexico
NLD Netherlands PHL  Philippines USA1,2  United States
POL  Poland SGP  Singapore
PRT Portugal THA  Thailand Africa / Oceania
RUS  Russian Federation TUR  Turkey AUS Australia
SVK  Slovak Republic VNM Vietnam MAR Morocco
ESP  Spain ZAF South Africa
SWE  Sweden
CHE Switzerland Other
GBR  United Kingdom ROW Rest of the World

Regarding the set of sectors, it remains similar to that used in the ICIO-TiVA database,
with a few aggregations. From the original 45 sectors covering the entire economy, five sectors
—those involving mining and activities of households as employers, as well as undifferentiated
goods— are removed. Of the remaining 40 sectors, 11 are aggregated into four categories based
on the availability of monthly trade data and to ensure representativeness. Therefore, I use
a total of 32 two-digit ISIC Rev. 4 sectors, which cover both tradable (15) and non-tradable
(17) industries. See Table A.2 for a description of the selected sectors.

33



Table A.2 — List of Sectors and ISIC codes

No. 2-dig ISIC* Sector
Tradable sectors
1 01 to 03 Agriculture, hunting, forestry, fishing and aquaculture
2 10 to 12 Food products, beverages and tobacco
3 13 to 15 Textiles, textile products, leather and footwear
4 16 to 18 Wood, products of wood and cork, paper products and printing
5 19 Coke and refined petroleum products
6 20 Chemical and chemical products
7 21 Pharmaceuticals, medicinal and chemical and botanical prod.
8 22 to 23 Rubber, plastics prod. and other non-methalic mineral prod.
9 24 Basic metals
10 25 Fabricated metal products
11 26 Computer, electronic and optical equipment
12 27 Electric equipment
13 28 Machinery and equipment, nec
14 29 to 30 Motor vehicles, trailers, and other transport equipment
15 31 to 33 Manufacturing nec; repair and installation of machinery equip.
Non-Tradable sectors
16 35 to 39 Public serv. supply; sewerage, waste management
17 41 to 43 Construction
18 45 to 47 Wholesale and retail trade; repair of motor vehicles
19 49 to 53 Transport, warehousing, and postal/courier activities
20 55 to 56 Accommodation and food service activities
21 58 to 60 Publishing, audiovisual and broadcasting activities
22 61 Telecomunications
23 62 to 63 IT and other information services
24 64 to 66 Financial and insurance activities
25 68 Real estate activities
26 69 to 75 Professional, scientific and technical activities
27 77 to 82 Administrative and support services
28 84 Public administration and defense; compulsory s.s.
29 85 Education
30 86 to 88 Human health and social work activities
31 90 to 93 Arts, entertaiment and recreation
32 94 to 96 Other service activities

*Revision 4 of ISIC

Once the set of countries and sectors is defined, two datasets are required: i) a panel of
monthly bilateral trade flows for tradable sectors and bilateral freight rates to estimate the
trade elasticities; and ii) a dataset containing the allocation of Colombian labor in 2019, the
quarterly transition matrices for Colombian labor for 2019-2023, the bilateral trade flows,
and the sectoral revenues, all of which are used to construct the baseline economy for the
quantitative model.

The first dataset is constructed for the period 2017m1 to 2023m12 using information from
UN Comtrade and ITC. As explained in the text, because I observe different freight rates
for routes departing from and arriving on each North American coast, I divide North Amer-
ican countries (specifically the United States and Canada) into west and east sub-countries
according to the share that the aggregate of all western or eastern states or provinces holds in
national annual trade flows. For the United States, the western states are HI, AK, WA, OR,
CA, NV, ID, MT, WY, UT, CO, AZ, and NM; and for Canada, the western provinces are BC,
AB, SK, MB, YT, NT, and NU. Mexico is not disaggregated due to the absence of regional
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trade data needed to perform the division and is therefore excluded from the regression.?!

The second dataset is constructed using the sources described in the text: the OECD’s
Inter-Country Input-Output (ICIO) tables and the TiVA database to construct the matrices
w7, X" and to compute the input-output coefficients (7"*) and value-added shares (y");
the Penn World Tables (PWT) for 2019 to obtain the share of structures in value added (£");
the Colombian Wide-Scale Integrated Household Survey (GEIH, by its acronym in Spanish) to
derive the initial sectoral allocation of labor Lg;)olléj :22 and PILA, the Colombian social security
administrative records, to estimate workers’ probabilities of transitioning between sectors from

2019 to 2023, pHik 23

B Derivations and Additional Robustness Checks

B.1 Goods and factors market-clearing conditions
The goods market-clearing condition is:
J N . i N T
XP =2 Y mMXE o (Z wFLE Y ’“H’“) (B.1)
k=1 i=1 k=1 i=1 k=1

with (™ the constant share that structure renters of country n obtain from a global portfolio
where all the structure owners invest their local rents. The labor market-clearing condition is:

N
w?JL?,J — fy”’j(l _ f") WszXZJ (B.2)
i=1
and the infrastructure market-clearing condition is:
. N . . ..
i H = i gn Z o X (B.3)

=1

B.2 Determinants of gravity equation (9)

First, notice that inserting (6) in (8) we obtain:

- e
thm pgivjq;zi,j (:Uz] (1 + TZ”’]> A ths;”’]) (Ap7)P ™ -

Further, from equation (1) we have:

21T also exclude Russia given the geographical difficulty of assigning the country to any of the regions with
available freight rates.

22 The survey is produced by the National Administrative Department of Statistics (DANE, by its acronym
in Spanish), Colombia’s official statistical agency. It is the largest monthly statistical operation in the country,
with around 21,000 face-to-face interviews per month across the 23 main metropolitan areas and a rural
aggregate.

23 These probabilities are estimated from observed sectoral reallocations in job-to-job transitions and from
the allocation of new entrants in the dataset, ensuring that these reallocations satisfy the equations governing
worker flows between employment and non-employment states.
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Now, notice that the estimation of equation (9) is performed using as bilateral trade flows
the reported values of imports from each reporter country, which is a more reliable measure of
the actual trade flows. According with UN-Comtrade, 92% of the countries in Comtrade report
CIF values for imports. So, priced at CIF values (the CIF price is ¥"/p;”), by combining
(B.4) and (B.5), we obtain for the bilateral flows:

. . . RN L\ —
v piod gt (xi] (1 + TZ“’]) T”Wthe?z’J) (Ap7 )P (1 + Ttm’j)

P g
Xt ,‘] \II?J
. \NCIF A ) o\ —07—1 i e [ XTI
(thm> _ (',L.?]Tm,]gll%]) <1+Ttm,y) (th) 69 (A;vj)aw g (\%) (B.6)
t

By taking logs in (B.6) we derive the determinants of the fixed effects and the estimated
coefficients mentioned in the text.

B.3 System in relative time differences

Denote 9§11 = (y;tl) the proportional change in a variable y;. Let u, n = = exp (V ’J) and the

real wages wt_’ﬁl = 111;:"11 The system of equations (2), (3), (5), (7), (8), (B.1), (B.2) can be

written in relative time differences as:

7jk B/V
gk 2 (U 2)
:U‘tJrjl - g : = (B7)
jh h
INRRCAALE
h=0

v
U?+1 wt+1 (Z My P “?+2 MV) (B.8)

J
n,J \Y" ]E n k
IHl (Lt+1) wt+1 H Pt+1 (B.9)
N —1/07
SN, ni,j 1,7 +ni,J 97 i,j aj,yi,j
P = ( Ty ($t+1”t+1) (At+1) > (B.10)
i=1
ioomig\ %
wig _ i [ FelAL i 0 B 1L
T4l = Ty T pi (Aylh) (B.11)
t+1
PRONIE S N I % B o (% N W in,j vi.j
Wy Lywg LYY =™ (1 — Zﬂt 1 X (B.12)
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(B.13)
Adding equation (4), and noticing that equation is satisfied by Walras’s law (B.3), equa-
tions (B.7)-(B.13) form a non-linear system that can be used to solved for the paths of labor

: N ik N, e s
prices {w;”’} ‘]1°J° 11—0» sectoral reallocation shares {s;*'"}] Jdool ke11—o» lifetime utilities

{u?}n 1t=o and labor {L”}n 1i—o- The system is solved using the numerical algorithm pro-
posed by CDP.

B.4 System to solve for counterfactuals

Denote a variable y; that belongs to the counterfactual solution as y;, and ¢ = (%) the

proportional change in y; in the counterfactual economy relative to the proportional change

in the same variable in the baseline economy. As before, let u?’j = exp (th’j ) and the real

n,j
wages w, 4’-]1 = ?;zni The system of equations that solves for the impacts in the endogenous

state variables of moving from the baseline economy to the counterfactual one is the following;:

m,jk -n,jk (Ank)ﬁ/y

T L e (e (B.14)
t - g .
m,jh -n,jh [ ~n.h Blv
P17 Fy Uppq
h=0
s\’
i = (03 et (i) .15)

k,
L, = ZZ hond prik (B.16)

=1 k=0
) J
NN n,j "’15" An,i n, k
mt+1 = (Lt+1) W, 7) H Pt+1 (B.17)
k=1
N —1/69
n,j _ /mi,j - ni,j J amig\—09 0 qig 0TI
Pz+1 = < Ty TTi4d ( t+1’ft+1) (At+1) (B~18)
i=1
_9J
S AN
myij __ _Ini,j - ni,j 1,7 v
Tl = T Ty g (At+1) (B~19)
Pt+1
n.g(] —
A'nk n,k __ ( 1in,j v 1,5
Wy iy Ly = o kL/n "o, kLn % Z Tt Xeq1 (B.20)
Wy 1l 5=
J N J 51
ln,] n,kj rin,k lz k n,k ln krm,k .n, k ~i,k T,k 1,k rrik i,k ik
t+1 = § v § T t+1+ § W Ly” wt+1 z+1 + " § § 1—¢ wt+1Lt+1wt Ly t+1Lt+1
i=1 =1 i=1 k=1
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Equations (B.14)-(B.21) form a non-linear system that can be used to solved for the impacts

s foang N, J00 . ~n,jkyN,J,J,00
on the paths labor prices {0, },,77 7" ;_, sectoral reallocation shares {fi; " },,2'7"/ 21 11 10>
~ N,00
lifetime utilities {ﬂ?}gﬁ)t:o and labor {L?} . The system is solved using the numerical
’ n=1,t=0

algorithm proposed by CDP.

B.5 Additional Robustness Checks

As a sensitivity analysis of the trade elasticity estimates, I first examine the role of zero
trade flows in the data. Zeros in bilateral trade flows are unlikely to be random and, if
not properly accounted for, may introduce sample selection bias.?* A common approach in
the literature is to use the Poisson pseudo-maximum likelihood (PPML) estimator proposed
by Silva and Tenreyro (2006), which can be implemented in a balanced panel. However, in
the presence of high-dimensional fixed effects, estimating a Poisson model with instrumental
variables may suffer from the incidental parameters problem and therefore does not guarantee
consistent estimation. Instead, a practical way to assess the influence of zeros is to compare
the reduced-form estimates obtained by OLS (as in the IV specification) with those obtained
using PPML. Table B.1 presents this comparison and shows that the PPML estimate is close
to the corresponding OLS estimate.

Table B.1 — PPML Results for Reduced Forms

v PPML
Dependent variable In(Trade) Trade
Mutual lockdowns -0.077** -0.039*
(0.036) (0.020)
Importer x Industry x Time FE Yes Yes
Exporter x Industry x Time FE Yes Yes
Exporter x Importer x Industry FE Yes Yes
Observations 131967 131869

Notes: Both regressions control for tariffs. PPML regression drops singleton observations or
those separated by a FE. Heteroskedasticity robust errors in parentheses.

* p<0.1, ** p<0.05, ¥** p<0.01

An additional check on the role of zeros consists of estimating the IV regression using a
linear probability model (LPM) to assess the importance of the extensive margin. Specifically,
I replace In X" “J with a dummy indicator that takes the value of 1 when X/ " >0 and 0
otherwise, and then reestimate equation (9) using an IV approach. The LPM results are
reported in Table B.2, alongside the baseline IV estimates for comparison. The coefficient on
freight rates estimated by the LPM is close to zero and statistically insignificant, indicating
that the extensive margin does not play a meaningful role in determining trade elasticities
with respect to container freight rates. A similar result is obtained for the reduced-form
specification estimated using the LPM.

241n the IV strategy in the main text, I replace zero values either with the minimum value observed in the
panel or with random numbers drawn uniformly between zero and that minimum value. The results are not
sensitive to either choice.

38



Table B.2 — Results for Linear Probability Model (LPM)

Second stages Reduced forms
v LPM v LPM
Dependent variable In(Trade) Binary trade | In(Trade) Binary trade
In(Freight) -1.047%* -0.022
(0.497) (0.022)
Mutual lockdowns -0.077%* -0.002
(0.036) (0.002)
Importer x Industry x Time FE Yes Yes Yes Yes
Exporter x Industry x Time FE Yes Yes Yes Yes
Exporter x Importer x Industry FE Yes Yes Yes Yes
Observations 131967 131967 131967 131967

Notes: All regressions control for tariffs. For LMP heteroskedasticity robust errors in parentheses.
* p<0.1, ** p<0.05, *** p<0.01

Finally, we assess the robustness of the results by incorporating observable components
of bilateral trade barriers and modifying the instrument. Non-freight trade barriers are of-
ten modeled using a set of observable, time-invariant geographical and cultural factors, such
as distance and indicators for a common language, a shared land border, and past colonial
ties; a standard specification in the gravity literature. Column (2) of Table B.3 reports the
results, where the observable variables are drawn from the CEPII Gravity dataset (Conte
et al., 2022). The estimated elasticity remains negative and statistically significant and is ap-
proximately twice as large in absolute value as the baseline estimate (Column (1)). However,
this specification may suffer from omitted variable bias, as it does not capture all possible
time-invariant determinants of trade barriers.

With respect to the instrument, the impact of mutual lockdowns on freight rates can be
heterogeneous to observable characteristics of the trade routes. For example, the closure of
a highly efficient route may have a greater effect on freight rates than the closure of a less
efficient one. To capture this heterogeneity, I construct an alternative instrument that interacts
pre-pandemic measures of port infrastructure quality for both countries in each route with a
dichotomous indicator for whether both countries are under lockdown in a given month. The
instrument ZJ is defined as:

. . ) 11 n A 1arein lockdown in t
Z{" = PortQuayyg * PortQuasy g * DY, with Dy _ (B.22)
0 otherwise

Here, PortQuas, g denotes the index of port infrastructure quality for country n in 2019,
obtained from the World Economic Forum (WEF).?® Figure D.1 in Appendix D illustrates the

25 The index is taken from the 2019 Global Competitiveness Report of the WEF, which constructs several
competitiveness indicators based on survey responses from business executives (16,936 respondents in 2019)
across 139 countries. The index ranges from 1 (extremely underdeveloped port infrastructure) to 7 (port
infrastructure considered efficient by international standards), implying that PortQuajy;o X PortQuabyo ranges
from 1 to 49. For landlocked countries, the question refers to the accessibility of port facilities. See Klaus
(2019) for further details.
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Table B.3 — Results for Controlling for Observables and Alternative Instrument

Dependent variable: In(Trade)
O G N G
In(Freight) -1.047**  -1.977*%  -1.763*  -2.057*F -1.005%*
(0.497) (1.037) (1.005)  (0.890)  (0.405)

Port quality 0.191%#%  (0.191%**

(0.040)  (0.041)
Additional controls Yes Yes Yes
Importer x Industry x Time FE Yes Yes Yes Yes Yes
Exporter x Industry x Time FE Yes Yes Yes Yes Yes
Exporter x Importer x Industry FE Yes Yes
Observations 131967 131967 131967 131967 131967
F first stage (Kleibergen-Paap) 83.7 43.0 42.7 47.6 103.3

Notes: All regressions control for tariffs. Columns (1)—(3) use the original instrument based
on mutual lockdowns, whereas columns (4)—(5) use the instrument defined in equation (B.22).
Additional controls include distance and indicators for a common language, a shared land border,
and past colonial ties. Standard errors clustered at the route—sector level are reported in parentheses.

* p<0.1, ¥* p<0.05, *¥** p<0.01

cross-country variation in this measure among the selected countries. Formulated in this way,
routes connecting countries with higher-quality port infrastructure experience larger increases
in Z when both trade partners enter lockdown. Column (3) of Table B.3 shows that mutual
port infrastructure quality (PortQua%y,q x PortQualy,¢ in equation B.22) is itself a significant
determinant of trade flows, thereby reducing omitted variable bias relative to column (2) and
bringing the estimate closer to that in column (1). Columns (4) and (5) then use the instrument
Z™ in place of the original one, controlling respectively for observable trade barriers and for
exporter—importer fixed effects. In both cases, the estimated trade elasticity remains negative
and statistically significant. However, when conditioning on observables, the elasticity is
approximately twice as large in absolute value, consistent with omitted variable bias reported
. By contrast, the estimate in column (5) remains very close to the baseline.
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Additional Tables

Table C.1 — Routes with Available Information on Freight Rates

Assigned Origin

Assigned Destination

Original route name Source Region Code* Region Code*
Los Angeles to Shanghai Drewry 15 7
New York to Rotterdam Drewry 14 3
Rotterdam to New York Drewry 3 14
Rotterdam to Shanghai Drewry 3 7
Shanghai to Genoa Drewry 7 1
Shanghai to Los Angeles Drewry 7 15
Shanghai to New York Drewry 7 14
Shanghai to Rotterdam Drewry 7 3
China to Mediterranean Freightos/Baltic 7 1
China to US East Coast Freightos,/Baltic 7 14
China to US West Coast Freightos/Baltic 7 15
China to Europe Freightos/Baltic 7 2
Europe to US East Coast Freightos,/Baltic 2 14
Europe to China Freightos/Baltic 2 7
Europe to South America Atlantic Freightos/Baltic 2 12
Europe to South America Pacific ~ Freightos/Baltic 2 13
Mediterranean to China Freightos/Baltic 1 7
US East Coast to China Freightos/Baltic 14 7
US East Coast to Europe Freightos,/Baltic 14 2
US West Coast to China Freightos,/Baltic 15 7
Ningbo to Australia/New Zealand Ningbo 7 16
Ningbo to Black Sea Ningbo 7 4
Ningbo to East US Ningbo 7 14
Ningbo to Japan Ningbo 7 11
Ningbo to East Mediterranean Ningbo 7 9
Ningbo to East South America Ningbo 7 12
Ningbo to Europe Ningbo 7 2
Ningbo to India/Pakistan Ningbo 7 8
Ningbo to North Africa Ningbo 7 17
Ningbo to Philippines Ningbo 7 5
Ningbo to South Africa Ningbo 7 18
Ningbo to Singapore/Malaysia Ningbo 7 10
Ningbo to Thailand/Vietnam Ningbo 7 6
Ningbo to West US Ningbo 7 15
Ningbo to West Mediterranean Ningbo 7 1
Ningbo to West South America Ningbo 7 13

* The corresponding 18 regions for the displayed codes are available in Table C.2
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Table C.2 — List of Regions

Region Code Region Name Countries™ (ISO3) in Region
1 West Mediterranean ESP, ITA, POR,
2 North Europe DNK, DEU, POL, RUS, SWE
3 Central Europe & UK BEL, FRA, NLD, CHE, GBR
4 Black Sea HUN, ROU, SVK
5 Philippines PHL
6 Thailand & Vietnam THA, VNM
7 China CHN, HKG
8 India IND
9 East Mediterranean ISR, TUR
10 Singapore & Malaysia SGP, MYS
11 Japan & Korea JPN, KOR
12 East South America ARG, BRA
13 West South America CHL, COL, PER
14 East North America CAN1, MEX1,USA1
15 West North America CAN2, MEX2, USA2
16 Australia AUS
17 North Africa MAR
18 South Africa ZAF

* The corresponding names of the countries are displayed in Table A.1

Table C.3 — Estimates for Trade Elasticities 67

No. Sector ¢’ Fontagné et al. (2022)
1 Agriculture, hunting, forestry, fishing and aquaculture 1.43 2.91
2 Food products, beverages and tobacco 1.43 4.17
3 Textiles, textile products, leather and footwear 2.19 4.71
4 Wood, products of wood and cork, paper products and printing  2.66 8.51
5 Coke and refined petroleum products 1.43 3.67
6 Chemical and chemical products 1.09 10.56
7 Pharmaceuticals, medicinal and chemical and botanical prod. 21.21 '

8 Rubber, plastics prod. and other non-methalic mineral prod. 2.51 5.77
9 Basic metals 2.14 7.39
10  Fabricated metal products 2.21 4.22
11 Computer, electronic and optical equipment 1.96 5.14
12 Electric equipment 1.43 4.11
13 Machinery and equipment, nec 2.01 5.00
14 Motor vehicles, trailers, and other transport equipment 1.69 8.95
15  Manufacturing nec; repair and installation of machinery equip. 7.11 4.06

Notes: The table reports the absolute values of the trade elasticities estimated using the empirical strategy described
in the main text, based on four-month-ahead local projections by industries. For sector 12 (implausible estimate) the
aggregate trade elasticity is used. The same applies to sectors 1, 2, and 5, which are not included in the empirical analysis
because their main transportation modes are bulk dry shipping or oil tankers. For reference, elasticities from Fontagné
et al. (2022) are also reported, which are used in robustness checks.
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D Additional Figures

Figure D.1 — Quality of Port Infrastructure in 2019 in Selected Countries (PortQuajy,g)
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Figure D.2 — Timing of COVID-19 Lockdowns in Selected Countries
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Figure D.4 — Examples of Forecasts for Three Country-Pairs*

A.1. China to Netherlands

A.2. Netherlands to China
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*Note: Panel A (first row) includes a country-pair with information of freight for both directions; Panel B (second row)
includes a country-pair with information of freight in only one-direction; Panel C (third row) includes a country-pair
with no freight information.
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Figure D.5 — Labor Reallocation in the Baseline (Factual) and Counterfactual Economies
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