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1. Introduction

An important driver of globalization is the reduction of trade barriers of any kind. It is a long-standing question how large these
are and how much they impede the flow of goods, services, and ideas between countries. To determine the size of trade barriers in
a world with many countries, we typically assume that trade costs are subject to a variant of the triangle inequality in Euclidean
geometry. Trade costs between countries i and j must be lower than or equal to the trade costs between country i, an intermediate
country k, and country j. The reason is simple: a cost-minimizing producer will send a product through the cheapest transportation
channel.
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However central this assumption is, the literature typically ignores potential violations of the triangle inequality (TI) when
studying shocks to the trade cost matrix. After trade costs change, re-routing opportunities might arise if a shipment through an
intermediary becomes cheaper under counterfactual trade costs, which the TI would capture. Neglecting violations of the TI has
profound consequences for the validity of trade models and, therefore, for their quantitative predictions of the (welfare) impact of
trade liberalizations.

We must verify the TI whenever there is a change in trade costs even when focusing only on relative changes without measuring
the level of trade costs—a powerful approach labeled “exact hat algebra”, first introduced by Dekle et al. (2007) and now widespread
in the literature.! To see this, consider a globalization step that results in an overall decrease of 10 percent of all bilateral trade
costs. When using hat algebra, we do not need to know the initial level of trade costs. This procedure is only valid if the point of
departure consists of trade costs that fulfill the TI, which should be the case following a no-arbitrage argument. But even when the
TI holds initially, an overall reduction of 10 percent in trade costs could create violations of the TI that go unnoticed if we do not
measure the initial level of trade costs. For example, let (initial) ad-valorem trade costs to export from country i to country j be
equal to 7;;. The triangle inequality for this trade relation reads 7;; < 7;,7; for any potential intermediary country k. If we now
assume that trade costs change to a factor y < 1, such that the new trade costs equal yz < 7, the TI holds only if 7;; < yry7y;. If
y is sufficiently small, this inequality is violated, implying a profitable re-routing opportunity for country pair ij.> Of course, this
reasoning also applies if, e.g., we change only 7;, while holding 7;; and 7;; constant.

To address the TI problem, this paper proceeds in two steps. First, we document that standard estimates of trade costs often
violate the TI for many bilateral trade pairs and a large part of international trade volume. Using these estimates for counterfactual
exercises would be inconsistent with the theory. The key message is that common approaches to calibrating trade costs do not
take the TI into account and are, accordingly, not guaranteed to yield estimates that satisfy this no-arbitrage condition. Second, as
a solution to the aforementioned finding, we provide two model-consistent methods to obtain trade costs that satisfy the TI in a
standard quantitative framework. A basic premise to obtain logically consistent trade costs is an estimation that respects the TIs.
The resulting trade costs can be employed to measure potential re-routing opportunities (i.e., TI violations) after trade-cost shocks.

We propose two methods to obtain trade costs that satisfy the TIs. For our baseline results, we first estimate trade barriers using
the seminal approach developed by Waugh (2010). In our main method, we assume that alleged TI violations in these estimates are
driven by bilateral preference shifters (BPS), because trade costs should satisfy the TI due to a no-arbitrage argument, as elaborated in
Section 2. In trade theory, BPS and trade costs are typically isomorphic (i.e., trade barriers consist of trade costs and BPS), implying
that a TI violation in estimated trade barriers could be driven by differences in BPS (which do not need to satisfy a TI).® We introduce
a simple and fast iterative method to obtain TI-consistent trade costs while minimizing differences in BPS. This procedure does not
require an additional estimation step once a set of trade barriers is estimated. Additionally, we present an alternative approach
that imposes constraints to respect the TIs directly in the gravity regressions and neglects the presence of BPS. When we consider
changes in trade costs, these estimates allow us to determine re-routing opportunities (captured via TI violations) endogenously.

A detailed examination of the TI has important quantitative implications for trade flows and welfare. In one of our counterfactual
exercises, we look at a global proportional drop in trade costs of 25% as in Eaton and Kortum (2012). Importantly, counterfactual
iceberg trade costs are never allowed to fall below one. Our estimates suggest that, after this shock, about 40% of the trade relations
have at least one arbitrage opportunity (i.e., TI violation) and would thus be better off involving an intermediary. The trade-weighted
share lies at 34%. In a framework a la Eaton and Kortum (2002) focusing on aggregate trade flows, this has substantial implications
for the welfare gains that arise from re-routing. We find that almost all countries benefit from the option to re-route. The median
country’s real income growth increases from 19.4% to 29.7% when countries can exploit transportation arbitrage opportunities.*
Moreover, our results suggest that accounting for such arbitrage opportunities after shocks to trade costs becomes more important
the larger the shock size. This indicates a sort of “local stability” of the trade cost matrix. It is important to note that while we use
the competitive Eaton—Kortum model to illustrate the triangle inequality’s role in quantitative analyses, the logic underlying the TI
relies on cost minimization, a principle independent of the market structure.®

In economic geography, it is argued that improving one segment of a transportation infrastructure can alter the shipping costs
along the entire network. This concept is studied, e.g., in Allen and Arkolakis (2022), who analyze changes in the U.S. highway
network. For instance, lower travel time between two cities may lead to changes in travel paths — re-routing — across the whole

1 gee, e.g., Costinot and Rodriguez-Clare (2014), Caliendo and Parro (2015), Eaton et al. (2016), Caliendo et al. (2019).

2 Furthermore, we do not know whether trade costs hit their theoretical lower bound (i.e., 7, ; = 1) after the trade-cost shock if we do not estimate their
initial levels.

3 In line with this reasoning, we document that intermediaries that would minimize transportation costs according to the estimated trade barriers share a
border with the involved exporter or importer in almost 80% of the cases. We would expect consumers to (tend to) prefer goods produced by neighbors over
products from countries farther away.

4 In an earlier version of the paper, we also looked at a more complex version of the model by incorporating input-output linkages like Caliendo and Parro
(2015). The underlying logic of re-routing and the method to obtain trade costs remain unchanged in such extensions. These additional results yield two main
insights. First, in smaller samples, re-routing is less likely to be profitable. This is intuitive, since arbitrage opportunities are more likely the larger our set of
potential intermediaries. Second, although we observe less re-routing with fewer countries in the sample, involving intermediaries tends to be highly profitable
when sectoral linkages are included in the analysis. See Foellmi et al. (2022) for details.

5 Qualitatively, the arguments we make also apply to models that have variable and fixed trade costs, such as the Melitz (2003) model (that additionally features
imperfect competition). Chaney (2008, p.1711) states accordingly: “I also impose a triangular inequality to prevent transportation arbitrages: V(i, j, k), 7, < 7;;X7;,”.
However, quantitative results would differ, as our trade cost estimates are a compound measure of iceberg and fixed costs through the lens of a Melitz (2003)
and Chaney (2008) framework. The welfare gains from re-routing that we measure after a shock to trade costs (cf. Section 5) would, therefore, not necessarily
be the same in those models.
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network. Our paper argues that similar mechanisms implicitly exist in canonical international trade models when we consider the
welfare effects of trade-cost changes. A related study in this regard is that of Ganapati et al. (2023), where the use of entrepdts
creates incentives for indirect shipping routes.® In Section 6, we validate our approach by comparing it with studies that explicitly
model and shock the transportation network a la Allen and Arkolakis (2022). Using leg-level (direct) trade costs from Ganapati
et al. (2023), we show that accounting for re-routing (i.e., TI violations) after shocks to our reduced-form trade costs brings the
counterfactual responses substantially closer to counterfactuals where we shock the explicit transportation network (i.e., the leg-level
costs) and where, by construction, potential BPS play no role. This appears to be especially true for counterfactuals involving a few
well-connected countries. The quantification suggests that our approach is conservative, in the sense that it yields a lower bound
of the gains from changing the transportation network and exploiting re-routing opportunities.

While the TI has received little attention in quantitative trade models, it plays a central role in trade policy. An exporter from a
third country i could have an incentive to ship a product to country j via country k, taking advantage of a favorable bilateral free
trade agreement between countries k and j when there does not exist a similar treaty between i and j. Sophisticated rules-of-origin
clauses in free trade agreements, typically based on value-added shares in each country, should preclude such trade deflection.
However, Felbermayr et al. (2019) show that trade deflection to take advantage of tariff differentials is not profitable, as tariff
differences do not outweigh increased transportation costs. Their argument underlies that the TI of trade costs should hold when we
estimate trade costs, and that tariff differences (even if they could be exploited at all) are not sufficiently large to create violations
of the TI.

This paper is organized as follows. In Section 2, we explain the theoretical reasoning behind the triangle inequality. Section 3
documents that standard trade cost estimates can suggest many arbitrage opportunities (i.e., TI violations). Section 4 details the
estimation strategy. Section 5 discusses counterfactual exercises. Section 6 compares our predictions with those of frameworks that
explicitly model the transportation network. Section 7 concludes.

2. The theoretical reasoning behind the TI

This section first outlines the theoretical arguments for why the common assumption of a holding triangle inequality (TT) is valid.
It then discusses the implications of these arguments for counterfactual experiments.

Consider the following simple theoretical structure. The world consists of N countries and many goods. Each country purchases
its products from the respective cheapest source in the world. This basic feature holds in a broad set of trade models; for instance,
in a Ricardian trade model a la Eaton and Kortum (2002) (henceforth, EK).

Transportation sector. Trade is costly and takes place within a transportation sector that ships goods from country i to country
Jj. The transportation sector is characterized by perfect competition. It uses the good that it is shipping as the only input, while no
labor is employed in transportation. Following the literature, we assume that transportation costs are proportional to the marginal
costs of the good: If marginal costs of production in country i equal ¢;, the marginal costs of producing a good in country i and

shipping the item directly to country j equal 7;;c; > ¢;, with 7;; > 1.7 Thus, we make the common assumption that international

trade entails constant ad valorem trade costs—known as “iceberg” trade cost (Samuelson, 1954). Trade costs are a c.i.f. measure,

hence they account for trade costs from border i to border . Therefore, it is consistent to set within-country trade costs 7;; = 1.

The measure 7;; denotes the minimum cost to ship from country i to j directly. We do not assume that direct shipment is always
cheapest, i.e., that the inequality 7;; < 7, 7,; holds. Rather, the competitive transportation sector figures out for each country pair
the trade-cost minimizing route—be it direct or indirect, potentially through several intermediary countries.” In what follows, we
solve for the cheapest route for all country pairs, which yields the optimal trade costs.

Optimal trade costs. Suppose there exists at least one intermediary k where 7;; > 7;.7;;. We define

7y = min {Z 7y, } €h)

6 Other studies investigate the impact of backhauling, market power, or information frictions on shipping routes (see, e.g., Hummels et al. (2009), Behrens and
Picard (2011), Wong (2022), Brancaccio et al. (2023)). However, there is a conceptual difference in the modeling of trade costs between models of international
trade and those of economic geography. Economic geography, as exemplified in Allen and Arkolakis (2022), measures the transportation cost between two nodes.
To reach a destination from a source location, the least-cost path along connecting nodes is calculated. In contrast, in standard international trade models, the
optimal routing decision has already been taken on a micro level. Like in Eaton and Kortum (2002), the iceberg trade cost between two countries reveals the
minimum achievable trade cost between them, after having optimally chosen the way to ship the product between the two countries. Hence, the TI for these
iceberg trade costs also holds when the underlying route involves indirect shipments (cf. Section 2 for details).

7 Allen and Arkolakis (2022) consider a transportation sector with route-specific, Fréchet-distributed shocks. As a result, all available routes are chosen in
equilibrium with positive probability. Our trade-cost setup is deterministic, and hence, only one route is selected in equilibrium for a given country pair. We
compare their approach to ours in Section 6 (Appendix A briefly outlines their transportation setup). Brancaccio et al. (2020) explicitly model a transportation
sector with imperfect competition in partial equilibrium. In our modeling of the transportation sector in general equilibrium, following the literature on quantitative
trade analyses, any changes in the transportation infrastructure are absorbed by the ad valorem trade cost.

8 If within-country trade costs are non-zero (e.g., for retail distribution), total trade costs between i and j would amount to %,;7;;. This leaves the TI unchanged
as we would have to compare 7;;7;; < 7, 7;7;; in this case, assuming that within-country distribution costs have not to be paid in intermediate country k. For
an analysis of internal trade frictions, see, e.g., Sotelo (2020).

9 In the words of Eaton and Kortum (2005, p. 172), “arbitrage would eliminate violations of the TI since k would emerge as an entrepdt, so that [using our
notation] 7;; = 7, 7;.” When writing the TI in this common way, one assumes, on the one hand, that involving an intermediary k requires paying the full trade
costs 7, and 7;;, and, on the other hand, that there are no additional costs of concatenation. Note further that multiple re-shipping via the same intermediary

can never be optimal, as trade costs are theoretically bounded to satisfy 7; > 1, and thus 7;; > 7;; for any constant x > 1.



R. Foellmi et al. Journal of International Economics 152 (2024) 104018

where %l.lj = 7;; when arg min, {#1%e j} € {i,j}. When there is an intermediary k where it is cheaper to ship the product through,
we have 7;; > %I.lj = 7. To eliminate cross-border arbitrage, we derive a trade cost matrix where all country pairs satisfy the
triangle inequality. For that aim, we replace trade costs that violate the TI with their updated value 7! iteratively. It suffices to look
at three-countries triangle violations. To see this, assume trade costs are lower if the good is shipped via two intermediaries k and k’,
but not if it is shipped via only one of them, i.e., #;; > 7, Ty Tys; but 7;; < 7, %; and 7;; < %, T}s;. Taking the former two inequalities
together — obviously we get the identical result when using the latter inequality —, we see that the violation of the TI originates
from a three-countries triangle violation. We obtain 7;; > #;/%;/;, i.e., trade from k to j is cheaper via k’. In a violation where n
intermediaries are involved, we apply the same reasoning to reduce the inequality to a violation where n — 1 intermediaries are
involved. As the number of countries is finite, the number of potential multi-intermediary paths for a trade flow between countries
i and j is finite as well.

Applying the procedure laid out in Eq. (1) to update trade costs, we obtain %izj = miny, {%I.‘k%,lj } We repeat this until all violations
of the three-countries triangle inequality are eliminated, and therefore, violations with n > 1 intermediaries are eliminated, too.
As a result, the optimal trade cost, denoted by z; j» is a finite product of initial bilateral direct trade costs, which can be written as
Tij = Fiky * Thoky * - Thyy,j» Where kg =i, k, | = j, and n denotes the number of intermediaries involved. When no intermediary is
involved, we have n = 0, and trade costs read 7;; = 7; - 7;; - 7;; = 7;;, because within-country trade costs equal one. This leads to the
following definition.

Definition 1. We define 7;; = I1"_ % , , where it holds for all {i,} that 7;; = min; {7;.7; } with argminy {z;;7;;} € {i,j}. The
index u runs from u = 0 to u = n, where k, =i and k,,; = j with n > 0. No intermediary is involved when n = 0.

With the optimal trade cost z; s there are no TI violations, i.e., z; i < Tty Yk ), and we achieve 7 after a finite number of
iteration steps as in Eq. (1). The resulting updated trade cost between two countries follows an optimal trade trajectory along a
finite set of countries. Hence, the (optimal) ;; denotes the cost-minimizing shipping route between countries i and j, either directly
or indirectly. Consequently, the optimal marginal cost to produce a good in country / and ship it to j is equal to 7;;¢; < 7;;¢;. We
summarize this insight in the following proposition.

Proposition 1. Consider a trade cost matrix T with elements {7;;}, where i,j € {1,2,..., N}. There exists a unique trade cost matrix T
with elements {z;;} where all trade costs satisfy the triangle inequality 7;; < 7,7y ;, with 7;; defined as in Definition 1.

Proof. Existence is shown in the text. To see that T is unique, assume there exists a second matrix 7’ with at least one Ti,j # T
Note that this would violate the definition of 7;; = min; {r;7;,;}. O

Counterfactuals. What does this result imply for the estimation of trade models? Standard gravity equations should contain
the optimal values of trade costs 7, because of the no-arbitrage arguments leading to Proposition 1. No TI violation can occur, for
cost-minimizing producers will select the cheapest route. If, for example, 7;; = 7;,7y;, trade costs are the same whether trade takes
place directly between i and j or involves the intermediary.'’

What happens when we shock trade costs, 7, as is usually done in the standard trade literature? For instance, assume 7, drops
to a factor y < 1 such that a TI violation would occur: 7;; > y7;.7;;. To eliminate the TI violation after the shock, we need to update
trade costs iteratively like in Eq. (1). Suppose that after updating, the optimal counterfactual trade cost reads Tilj = ri’kr,’(j. Because
of the reasoning above, we can simply replace the trade costs in the gravity equation 7;; with Tilj to compute counterfactual trade
flows. Therefore, when trade costs change, we use the updated counterfactual values, rl.’j, to account for potential re-routing.

Corollary 1. The gravity equations of trade flows must contain the optimal trade cost matrix T. When trade costs change, re-routing
opportunities (i.e., TI violations) must be taken into account.

Corollary 1 has relevant implications for quantitative studies of trade-cost changes. Many counterfactual experiments make use
of the fact that workhorse trade models allow us to estimate relative changes in economic outcomes as a function of relative changes
in trade costs and initial trade shares only. Thus, there is no need to calibrate the level of trade costs (or size-related parameters
such as the state of technology and population size). This simple and powerful tool is known as “exact hat algebra”, where the word
“exact” refers to the fact that no approximations are involved in the estimation process (see Appendix A for an example). Consistent
with the theoretical setup, one assumes that the TIs are satisfied in the initial equilibrium. However, as the level of trade costs
is only implicitly present in standard structural (hat) formulae, we do not know whether, after a shock to the trade cost matrix,
profitable re-routing opportunities arise.'!

To see this, consider a trade pair where the TI holds initially, i.e., 7;; < 7;.7y;. Let us retake our thought experiment from the
introduction and assume there is an overall reduction of bilateral trade costs to a factor y < 1. Obviously, there exists a value of y
such that yz;; > YTty ;- The same logic applies if, e.g., we change only 7;, while holding 7;; and 7,; constant. This implies that the

10 1t does not matter whether the physical trade flow between i and j goes through intermediary k. Recall that the transportation sector is perfectly competitive,
and thus, there are no rents from being involved as an intermediary.

11 Counterfactuals involving trade costs are unique in this respect. Other shocks, such as changes in technology parameters, will not encounter the issues
discussed in this paper.
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standard hat-algebra approach, relying solely on relative changes in trade costs, could lead to logically inconsistent results, since
violations of the TI must be considered in simulations. In other words, the spillover effects of trade-cost changes through re-routing
on the transportation sector are neglected. Moreover, we cannot be sure whether y is small enough for 7;; to hit its lower bound
(.e, 7; ;= 1). To ensure a model-consistent counterfactual that accounts for re-routing, we therefore need to estimate the initial
level of 7;;, and after a shock, update the trade cost matrix as outlined above in case any TI is violated.'?

Interestingly, considering the TIs implies that the trade elasticity need not be constant. For instance, if we have 7;; = 7;,.7;; in
the initial equilibrium, a rise in 7;; only will not increase the shipping costs from i to j, since exporters from i can choose to ship
via intermediary k in the counterfactual equilibrium."

3. TI violations with standard trade cost estimates

Following the insights from Section 2, we need to calibrate the level of initial trade costs to verify whether TI violations arise
after a shock to trade costs. This initial set of trade costs must satisfy the TIs to be consistent with the theory. In this section, we
document that standard procedures for estimating iceberg trade costs do not necessarily yield estimates satisfying the TI. We call
the resulting TI violations ‘alleged’ to emphasize that calibrated trade costs should satisfy the TIs due to the no-arbitrage arguments
elaborated in Section 2. In Section 4, we proceed to explain these violations with bilateral preferences. The underlying off-the-shelf
EK framework is standard in the literature and, thus, only briefly outlined in Appendix A.

Alleged TI violations. We will base our calibration in Section 4 on the seminal work by Waugh (2010). In what follows, we
focus on the alleged TI violations suggested by this method’s iceberg trade costs, while Online Appendix O.A discusses alternative
specifications. To our knowledge, we are the first to plug standard estimates into the TIs to verify that they are satisfied.'* The key
insight is that common approaches to calibrating trade costs do not take the TI into account and are, accordingly, not guaranteed
to yield estimates that satisfy this no-arbitrage condition.

The trade costs using the approach in Waugh (2010) stem from a standard gravity regression, with trade costs consisting of an
exporter-specific component and ‘gravity’ measures of bilateral frictions (see Section 4 for details). We calculate trade costs for 127
countries in the year 2004 using the data described in Appendix B.'°

For every pair, we plug trade costs into the TI and verify whether this no-arbitrage condition is violated for at least one
intermediary country. The results are summarized in Table 1. We find a large number of alleged TI violations: 36% of trade relations
could supposedly reduce their delivery costs by shipping via a third country, where most pairs have several potential intermediaries
that are worth involving. There are 34 relations where we obtain trade costs below one, which would imply that trade costs could
be pushed toward zero by re-shipping multiple times. But even when we set these trade costs equal to one, we see that 20% of
trade relations would still have an alleged arbitrage opportunity. This does not only concern small relations, as 28% of total trade is
affected (when trade costs are restricted to at least one). The potential savings for pairs with an arbitrage opportunity are substantial,
with the average log-difference amounting to 22%.

Are the violations driven by only a handful of hubs? In Panel B of Table 1, we exclude the three intermediaries that would
minimize trade costs for the most relations (Germany, Singapore, and Thailand) and rerun the regressions without them. The
resulting estimates still feature many violations despite a notable decline. Even when the ten top hubs are excluded — the U.S.
and China being among them — about 6% of trade pairs would be better off involving an intermediary (cf. Panel C). It is important
to note that these hubs are not only the intuitive suspects (such as the Netherlands or Singapore).

Table D.2 in Appendix D provides more details on the affected exporters and their respective hubs. Trade costs are restricted to
at least one for this analysis. In the second column, we list up to three hubs that supposedly help minimize the shipping costs of an
exporter for at least one of its relations, with the main hub - causing most violations — being the first entry. One apparent feature
is that exporters often share a border with their hubs. About 42% of these exporters share a border with their main hub (first entry
in column two), while 67% of exporters with at least three hubs are neighbors of at least one of them. In general, hubs tend to be
relatively close: for 85% of exporters, their main hub has a distance below the median distance to the remaining countries. Among
the relations with a TI violation, the share of country pairs where the exporter and/or the importer share a common border with
the intermediary is as high as 78%. Interestingly, important hubs like Germany and Thailand also have several alleged arbitrage
opportunities as exporters. The third column in Table D.2 highlights significant heterogeneity among exporters. For some, the trade

12 Note that the widely-used reference point of welfare losses under complete autarky is an exception. With z, ; = o0 Vi # j, there cannot be any violation of
the TI. See Arkolakis et al. (2012) for a detailed discussion on welfare losses from autarky implied by standard trade models. More generally, whenever all trade
costs are raised by the same factor (i.e., y > 1 in the example above), we will not encounter violations if the initial trade cost matrix is consistent with the TIs.

13 In our main specifications, following the literature on international trade, we will quantify shocks to the (optimal) trade cost 7; ; (see Section 5). In Section 6,
we contrast our quantitative results with approaches that measure and shock 7;. In Appendix A, we briefly discuss the theoretical similarities and differences
between shocks to z;; (the standard target in the trade literature) and ; (the direct underlying trade costs). We argue that the counterfactual trade costs after a
trade-cost shock (and potential re-routing) cannot be larger than after a shock to #. In the special case where the shock is uniform across country pairs (i.e., shock
by y Vi # j), the counterfactual trade costs are the same, irrespective of whether shocks directly affect trade costs or 7. For further details, see Appendix A.

14 In a recent study, Lee (2023) finds that their estimates, which are based on data on trade flows and prices, often violate the TI Their approach to dealing
with this issue is to prevent countries from exploiting re-routing opportunities. For the year 2004 — the year of our main results —, Lee’s (2023) estimates suggest
that about 11.5% of country pairs face at least one TI violation. Restricting our sample to 60 countries to match Lee’s (2023) sample and re-computing our
trade costs, we also obtained a share of TI violations around 11.5%. Therefore, the reason for the lower share of TI violations compared to Table 1 appears to
stem from the smaller sample size. We are grateful to the author for sharing their estimates with us.

15 The regression equation and the detailed results are discussed in Section 4 and summarized in Table D.1 of Appendix D.
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Table 1
TI violations with standard trade cost estimates.
Baseline Restrict t > 1
Panel A: Full sample
% of trade pairs with arbitrage opportunity 36% 20%
... trade-weighted 51% 28%
Top 10 hubs (desc. order):
DEU SGP THA ARG CHN ARE USA MYS GBR PAN
Panel B: Excl. top 3 hubs
% of trade pairs with arbitrage opportunity 23% 13%
... trade-weighted 52% 22%
Panel C: Excl. top 10 hubs
% of trade pairs with arbitrage opportunity 10% 6%
...trade-weighted 34% 19%

Notes. This table reports violations of the triangle inequality implied by iceberg trade cost estimates, ¢, that we compute using
Waugh’s (2010) method (see Section 4 for details on the estimation). The sample contains 127 countries in the year 2004. In
the right-most column, we set r = 1 whenever we find ¢ < 1. Panel A uses the full sample, the second row showing the share in
total trade that has a potential arbitrage opportunity. Panels B and C exclude the three and ten main hubs, respectively, found
in the full sample. A “hub” refers to an intermediary that allows for a cheaper delivery than the direct shipment between two
countries. The results are discussed in Section 3.

Data. See Appendix B.

barriers suggest an alleged arbitrage opportunity for only a handful of countries. At the same time, other exporters could supposedly
decrease their shipping costs to essentially their full set of partners. Some countries always have the same hub but many arbitrage
opportunities (e.g., Canada and Malaysia), whereas others have few violations involving several hubs (e.g., Honduras and Portugal).
There are only four countries without TI violations as exporters. Note from the fourth column that there is also some variation in
the associated relative ‘savings’ (i.e., the log-difference between direct and indirect costs, conditional on the TI being violated), and
that, in general, the relative savings potential tends to be large. The fifth column in Table D.2 lists the importers for which a given
exporter could most decrease its shipping cost. These partner countries typically tend to be close to the involved hubs. Interestingly,
we find exporters with few or many alleged violations across both lower- and high-income groups. The correlation between an
exporter’s number of TI violations and its log of total expenditure equals 0.22.

We illustrate these TI violations for three exporters (Norway, Nigeria, and India) in Figs. C.1-C.3 of Appendix C. Norway
can allegedly decrease its trade costs to 14 destinations using six different intermediaries (marked with circles in Fig. C.1). The
intermediaries (i) lay between Norway and the ultimate destinations, (ii) are relatively close to the importers, and (iii), apart from
Thailand, share a common border with the importers. Fig. C.2 shows a similar pattern for Nigeria, with intermediaries always sharing
a common border with the end destinations. India could supposedly save transportation costs by involving China in East Asia and
the United Arab Emirates in the Persian Gulf region (see Fig. C.3). These maps highlight the findings from above: intermediaries
are typically strong exporters (such as China and Germany) and are geographically close to the final destinations.

Alternative specifications. In Online Appendix O.A, we explore whether alternative specifications also yield apparent arbitrage
opportunities. Specifically, we (i) change the set of covariates, (ii) add the error term in the regression to the trade costs, (iii) use
PPML instead of OLS (Santos Silva and Tenreyro, 2006), (iv) look at multiple years, and (v) use the canonical method from Head
and Ries (2001) — later adopted by Novy (2013) - instead of Waugh (2010). We find many TI violations throughout. In general,
standard procedures do not guarantee that estimates satisfy this no-arbitrage condition. In the next section, we propose how to
calibrate a theory-consistent trade cost matrix.

4. Obtaining theory-consistent trade costs

Section 2 explains why we need to calibrate the initial trade cost matrix, while Section 3 shows that trade costs from standard
estimation procedures need not necessarily satisfy the TI. In this section, we develop two calibration methods to obtain theory-
consistent trade costs. Our main method eliminates alleged TI violations using differences in bilateral preference shifters, while the
alternative employs a constrained estimation.

Estimating trade barriers. We argue that an intuitive reason why calibrated trade costs may display TI violations is the presence
of bilateral preference shifters (BPS). Importantly, BPS and trade costs are isomorphic in gravity equations (see, e.g., the discussion
in Head and Mayer (2014)). As derived in Appendix A, in an EK environment, the gravity equation with bilateral preference shifters,
a;;, reads

Ty (v /ay)”

T Tawy? (zy /)™

(2

7
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where z;; is exporter i’s share in importer j’s total expenditure (including domestic expenditure shares, i = j), T,-w,."’7 is a measure of
country i’s relative productivity, and 6 the so-called trade elasticity. Therefore, increasing «;; and 7;; by the same proportion leaves
trade shares unaffected. In other words, we cannot (empirically) distinguish whether country j imports more from i because it likes
its products better than those of other exporters, or because shipping costs are relatively low. We will henceforth refer to 7;;/«;; as
the trade barrier from i to j.

When running gravity regressions, the pair-specific variables yield a compound measure of the trade barrier 7;;/¢;;, as we explain
momentarily. This poses a challenge to identifying TI violations, since BPS do not need to satisfy a TI. For our main method, we
assume that alleged TI violations — such as those presented in Section 3 — are driven by BPS, because trade costs should satisfy
the TI due to a no-arbitrage condition as detailed in Section 2.'° That is, an alleged TI violation where 7;;/a;; > 7,74 /(@ @;) can
be explained by a value of ¢;; sufficiently smaller than a;.a,;. After outlining the (standard) estimation procedure, we introduce a
simple algorithm to eliminate TI violations while minimizing the differences in BPS.

When estimating trade barriers, we follow the literature assuming that ; ;2 1Y), with 7;; = 1 ¥j. We further normalize
a;; = 1 Vj. When scaling trade shares by the respective home shares, z;;, and taking logs, Eq. (2) becomes

T
log <”—]> = log (T,w;?) - log (Tjw;(’) —0log (z;;/a;;) - 3)
Ji

We calibrate trade barriers using Waugh’s (2010) influential method. The reason we choose Waugh (2010) is threefold. First, these
estimates help the model mimic empirically observed bilateral trade flows and prices. Second, it yields trade barriers even for
country pairs without observed trade flows. Third, the calibrated trade barriers are entirely based on OLS coefficients, making the
implementation straightforward.

A key assumption is the functional form imposed to estimate trade barriers 7;;/a;;."” In line with Waugh (2010), trade barriers
are assumed to be a log-linear function of an exporter-specific shifter, ex;, and bilateral dummy variables, that is,

D
—0log (z;/ay;) = ex; + Y. pld!,, “
=1

where ' is the coefficient on a dummy variable d ,[, Examples of frequently employed dummy variables are common border, common
language, or distance bins. The shifter ex; captures all exporter-specific aspects affecting trade barriers not picked up by the dummy
variables.

Let S7" := —log Tjwj“’ , where the superscript m indicates that this term will be captured by an importer fixed effect (FE).
Further, let S¥ := ex; — S, where the superscript x is chosen to indicate that the exporter FE will absorb this expression. By
plugging Eq. (4) into Eq. (3), and using the definitions of S¥ and S, we obtain our gravity regression

7 D
log<a>=5f+5;"+;ﬁldfj+eij, (5)
where ¢;; denotes the error term.

The dependent variable is directly observed in the data. The elements on the right-hand side of Eq. (5) are an exporter FE, an
importer FE, and a set of bilateral dummy variables. The exporter-specific component of trade barriers in Eq. (4) is simply the sum
of the exporting country’s exporter and importer FEs, i.e., ex; = S} +S}". According to the theory, in the absence of ex;, the exporter
and importer FEs would add up to zero. Empirical deviations from this theoretical target will thus add to 7;;/;;. The higher the
exporter-specific shifter, the lower the trade barriers. Finally, we set 8 = 4.14, Simonovska and Waugh’s (2014) well-known estimate
of the trade elasticity, whose approach uses trade costs estimated with the Waugh (2010) method. Note that the size of 6 does not
matter for the TI, but it will play a role in the welfare calculations below.

As in Waugh (2010), our baseline regression includes dummy variables indicating whether the country pair shares a common
border and whether the geographical distance between two countries lies within a specific distance interval (cf. Table D.1). We
run regression equation (5) on a sample of 127 countries in the year 2004 (the data are described in Appendix B). Table D.1 in
Appendix D reports the coefficients.

Section 3 documents that the resulting trade barriers (and variations thereof) suggest numerous TI violations. However, using
these calibrated trade barriers to verify TIs is only valid if one assumes away BPS differences - implicitly setting «;; = 1 V(, j) -,
since BPS do not need to satisfy the TIL Instead, in our main approach outlined next, we determine differences in BPS that eliminate
these apparent TI violations. Online Appendix O.B presents an alternative method to obtain theory-consistent trade costs, where we
impose the TIs directly in the gravity regressions. This procedure yields the best fit conditional on trade barriers satisfying the TIs.

Extracting trade costs. In what follows, we introduce a simple and fast iterative method to obtain TI-consistent trade costs,
which does not require an additional estimation step once we have a set of trade barriers. The resulting trade costs can then be
used to compute counterfactuals while accounting for re-routing opportunities (as we do in Sections 5 and 6).

16 The findings in Section 3 corroborate this assumption. Apparent TI violations are mostly created by nearby intermediaries, which tend to share a border
with the importer. Therefore, low trade barriers to close trading partners — whose goods countries may favor - are likely due to a high value of «;;. In Online
Appendix O.B, we present an alternative method to eliminate TI violations that uses constrained regressions without relying on BPS. The results are consistent
with this reasoning, as the impact of a common border on trade costs drops by 50% in the TI-constrained estimation.

17 In Waugh (2010), BPS are not present in the discussion. But the procedure is unchanged even if one does not implicitly restrict « ; = 1 V(, j). Moreover, this
approach is essentially equivalent to that in Eaton and Kortum (2002), except for having an exporter-specific shifter of trade costs rather than an importer-specific
one (see Waugh (2010) for a discussion).
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In particular, we propose to eliminate alleged TI violations by setting BPS such that the TI of trade costs holds for every triad.
Let h;; be the estimated value of trade barriers. We define h;; =1t;;/a;;. Therefore, t;; and a;; denote the calibrated values of 7;; and
a;;, respectively. The TI for these estimates can be rewritten as a;;h;; < a; hy X a;;hy ;. We normalize a;; = 1 V; and, for simplicity,
assume q;; < 1 V(i, j).'* We will require a;;h;; > 1 to ensure #;; > 1. Together, these constraints imply a;; € [1/h;;,1]. When g;; =1,
trade barriers are purely trade costs. The central question is how to find a set of a;; and, thus, #;; that satisfies these constraints.

There are potentially many allocations of BPS that would eliminate the TI violations. A simple way to get TI-consistent trade costs
is to update estimated trade barriers iteratively (starting with a;; = 1 V(i,/)) until there are no more TI violations. This procedure
minimizes the differences in BPS conditional on trade costs satisfying the TIs and, therefore, essentially treats g;; as a residual.'”
The solution algorithm consists of three main steps, each explained in more detail below.

ij

I Estimate a set of trade barriers {h;;}; ;. Set h;; = max{1, h;;} V(i,j) and h;; = 1 V;. Set the initial values of BPS and trade costs
as follows: a;; = 1 V(i,j) and, thus, t;; = h;; V(i, ). Go to Step IL

IT Verify the TIs for all {7}, ;, ij

III Update the BPS by setting a;; = miny {#,.t,;1}/t;; V(i, j). Update the trade costs by setting ¢;; = a;;h;; V(i, j). Return to Step IL

Le., t;; <tyty; V(i k, j). If there are any TI violations, go to Step IIL If all TIs are satisfied, stop.

Step I simply states that we start by estimating trade barriers and setting them to at least one. As a first attempt, we equate trade
costs #;; and trade barriers h;;. In Step I, we verify whether these trade costs satisfy the TIs. If there are no arbitrage opportunities,
we are done. If there is at least one violation, we update trade costs according to Step III. That is, we set g;; equal to the ‘savings
potential’ from re-routing. We then update the trade costs using these new BPS values and return to Step II to verify the TIs.

This simple algorithm yields trade costs that satisfy the constraints above. The TIs are trivially satisfied due to Step II. Note that
ming {#;.2;;1/;; = 1 if there is no TI violation from i to j and, therefore, a;; < 1. Finally, because we set h;; > 1, we start with 7;; > 1,
which implies that min, {#,1,;} > 1 and, hence, a;; > 1/h;;. In other words, the resulting trade costs satisfy the TIs and do not fall
below one. Fig. C.4 of Appendix C plots the resulting trade costs, #;;, against the estimated trade barriers, #;;. The two are highly
correlated, and, by construction, trade costs are weakly smaller than trade barriers.

With a theory-consistent trade cost matrix that entails no TI violations, we can ask how many re-routing opportunities (i.e., TI
violations) arise after a shock to trade costs. We can further assess the welfare implications of exploiting these re-routing options.
Section 5 provides a quantification. Section 6 then compares our quantitative results with the predictions of a framework that models
an explicit transportation network.

5. The welfare implications of re-routing

How does the potential re-routing of trade flows impact the welfare gains from trade liberalizations? To understand the impact
of the TI, we conduct counterfactual experiments where we lower trade costs. We compute welfare gains (i.e., relative changes in
real income) using hat algebra as explained in Appendix A, and we do so in two ways.?° First, we shock the trade cost matrix and
do not verify whether TI violations arise (standard approach). Second, we check the TI and update trade costs whenever the TI is
violated and, therefore, a new route allows for cheaper delivery of goods. The relative change in trade costs is then the effective
drop in trade costs that materializes after the shock, which considers potential spillover (re-routing) effects. We do not allow trade
costs to fall below one in either case.

Specifically, we set the initial value of 7;; equal to the trade cost estimates #;; from Section 4, such that the starting point
features no arbitrage opportunities. For instance, let the counterfactual exercise be a proportional decrease in trade costs of 25%,
where y = 0.75 in this case using our notation from Section 2. Let #;; denote the ratio of counterfactual to initial trade costs, T[.lj /%ij
The first step sets #;; = y Vi # j and computes the welfare gains as described in Appendix A.?! These values of {rz;;};; contain
only the direct impact of the trade-cost change. Therefore, as a second step, we verify whether the trade costs after this drop, r7;;,
satisfy the TI. We update the trade cost matrix with elements {y7;,} iteratively until there are no more TI violations, which follows
Proposition 1 to obtain updated values such that T’./j = mink{f{kf,/(j }. The welfare gains are then computed in the standard way but
setting %;; = ri’j /7, i.e., we use the effective change in trade costs taking the option of re-routing explicitly into account. The standard
equilibrium equations outlined in Appendix A are unaffected by this step (in line with Corollary 1). We would proceed analogously
when predicting the consequences of a trade-cost increase.

Uniform drop in z. We use the single-sector EK setup outlined in Appendix A and decrease global trade costs proportionally by
25%—an exercise conducted in Eaton and Kortum (2012).

18 With this assumption, we will minimize the differences in BPS across countries conditional on the TIs and A, ; = 1 (essentially treating a;; as a residual).
We could interpret g; < 1 V(i,j) as a (weak) home bias. For evidence of a home bias in international trade and potential explanations, see, e.g., Wolf (2000),
Hillberry and Hummels (2003), Yi (2010), Caron et al. (2014), Cosar et al. (2018), Egger et al. (2023).

19 Additional data could help to identify BPS separately from trade costs (for a given set of trade barriers). For instance, Cosar et al. (2018) use data on prices,
quantities, and product characteristics in the automobile industry to identify heterogeneity in consumer preferences across countries, while Crozet et al. (2012)
employ data on prices and quality ratings of Champagne exports. Alternatively, by explicitly modeling the transportation network, Allen and Arkolakis (2022)
develop a model that uses trade and traffic flows to identify trade costs. In Section 6, we demonstrate that our approach predicts counterfactual responses that
are substantially closer to the predictions of the Allen and Arkolakis (2022) setup compared to those of standard hat algebra.

20 Trade is unbalanced in the data, which is inconsistent with the theory. As a simple remedy, we first solve for the equilibrium that is closest to the data
while ensuring balanced trade. Specifically, we set #;; = 1 V(i,j) and solve the equilibrium equations outlined in Appendix A. This equilibrium with balanced
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Table 2
TI violations after a 25% drop in global trade costs.
No restriction Restrict 7 > 1
% of trade pairs with arbitrage opportunity 65% 40%
... trade-weighted 88% 34%

Distribution of potential savings:

Q1: 7%, Median: 20%, Mean: 19%, Q3: 29%, Max: 69%
Top 10 hubs (desc. order):

THA FRA DEU BEL MYS NLD SGP ARG CHN ARE

Notes. This table reports violations of the triangle inequality that emerge after we decrease global bilateral trade costs by 25%.
The right-most column sets the new trade cost values equal to one if they drop below one. The second row shows the share
in cross-border trade with at least one arbitrage opportunity. The third row refers to reductions in trade costs from re-routing
(measured in log-differences) when there is an arbitrage opportunity (restricting ¢ > 1). A “hub” denotes an intermediary that
allows for a cheaper delivery than the direct shipment between two countries. The sample contains 127 countries. The results
are discussed in Section 5.

Data. See Appendix B.

How many arbitrage opportunities arise? Table 2 reports the share of trade pairs with at least one violation of the TI after the
shock. For 159 trade pairs (i.e., 1% of dyads), the trade costs would fall below one if we did not impose this lower bound, which is
not possible in the standard hat-algebra procedure. But even with this restriction, the initial trade costs suggest that about 40% of
trade pairs — or 34% of cross-border trade — can decrease their delivery costs by involving a third country in response to the shock.
The implied savings potential for these relations (measured in log-differences) is large, as trade costs can drop by a further 19%
on average, restricting ¢ > 1. For a quarter of the trade relations, the additional decline is larger than the shock size (“Q3” in the
third row of Table 2). Thus, the actual reduction in trade costs is considerably bigger for many pairs when accounting for potential
spillover effects of the shock.?

Table D.3 of Appendix D zooms into the TI violations summarized in Table 2. There is substantial variation in the set of main
hubs and the number of re-routing opportunities across exporters. Exporting countries encounter at least one TI violation for 57
importers on average, ranging from 7 to 125 (out of potentially 126). Hubs tend to be relatively close to the affected countries, with
28% of exporters sharing a border with their main hub. However, this is not always the case, since for 54% of the TI violations, the
intermediary country is neither an adjacent neighbor of the exporter nor the importer.

Fig. 1 illustrates that these re-routing opportunities translate into substantial welfare gains. Almost all countries benefit from the
option to re-reroute after this uniform globalization experiment. The losses for the three exceptions are negligible. This is intuitive
because all exporters can decrease their delivery costs by involving an intermediary (cf. Table D.3 of Appendix D). Moreover, there is
a positive relation between the average drop in the costs of exporting due to re-routing and the net welfare gain from re-routing (cf.
Fig. C.5 of Appendix C). The median country’s welfare gain increases from 19.4% to 29.7% when allowing for re-routing. However,
the impact of re-routing is not simply linear, with notable heterogeneity across countries with similar “standard” welfare gains.
Allowing countries to exploit arbitrage opportunities changes the ranking of the gains, as Fig. 1 shows.

Table D.4 in Appendix D lists the welfare changes in detail by country. The average increase in real income growth through re-
routing is about 61%, ranging from —3% to 256%. To put the real-income changes into perspective, we can compare them to the loss
from going to full autarky (i.e., 7;; = co Vi # j).% This is a widely used benchmark, not least because calculating it is straightforward
(see Appendix A). The extra gains from re-routing are substantial relative to these benchmark values: On average, the real-income
gain from involving intermediary countries equals about 91% of the absolute autarky loss (cf. Table D.4 in Appendix D for details).
Although the magnitude of the latter strikes as large, it shows how, through the lens of the model, the implied welfare differences
are sizable. This exercise suggests that it is quantitatively important to consider potential spillovers even in counterfactuals that
involve uniform trade-cost changes.

Table 3 shows that verifying the existence of arbitrage opportunities becomes quantitatively more important the larger the
trade-cost shock, suggesting that the trade cost matrix features some “local stability”. Repeating the exercise from above for a 5%
drop in global trade costs yields fewer re-routing opportunities (21% of dyads have one according to Online Appendix Table O.6).
The median additional real income from re-routing is about 9% of the median overall welfare gain without re-routing. By contrast,

trade serves as the baseline for all our counterfactual exercises. A simple alternative to allow for trade imbalances is to add an additional parameter that matches
net exports in the initial equilibrium (Dekle et al., 2007).

21 Technically, we set , ; = max{0.75,1/7;;} to avoid T,,, = y7; < 1. This procedure slightly differs from the standard hat-algebra approach, which would set
y =0.75 Vi # j. We need to impose the theoretical lower bound. Otherwise, we would obtain extreme results when allowing for re-routing.

22 Tables 0.6 and 0.7 of the Online Appendix show that also smaller shocks produce many arbitrage opportunities and that the set of major hubs remains
stable across these symmetric shocks. In Tables 0.8 and 0.9 of the Online Appendix, we obtain results similar to Table 2 when estimating trade barriers (h;;)
using PPML and the Head and Ries (2001) method, respectively, instead of OLS. Table 0.10 shows that estimates from our TI-constrained regressions, detailed
in Online Appendix O.B, also predict many re-routing opportunities.

23 As is well known in the literature, the one-sector model generally yields relatively low gains from trade (see Costinot and Rodriguez-Clare (2014) and Ossa
(2015) for a detailed discussion).
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Fig. 1. Welfare changes after a 25% drop in global trade costs.
Notes. This figure depicts welfare changes after a drop in global trade costs of 25%. In one case, we do not allow for re-routing (standard approach); in the
other, we allow for re-routing when the TI is violated. We do not allow trade costs to fall below one in either case. For illustrative purposes, country codes are
shown only for above-median differences between the two axes. The results are discussed in Section 5.

Table 3
Welfare changes after a drop in global trade costs (Distribution).

Drop in Distribution of net welfare changes from re-routing Median welfare gain
trade costs Min. Q1 Q2 Q3 Max. without re-routing
5% 0.0% 0.1% 0.2% 0.5% 4.3% 2.3%

10% 0.0% 0.3% 0.8% 1.5% 12.2% 5.2%

15% 0.1% 0.7% 1.9% 4.1% 25.9% 8.8%

25% 0.1% 3.7% 7.2% 16.6% 77.0% 19.4%

50% 2.4% 35.4% 66.9% 119.7% 370.4% 78.0%

Notes. This table reports the distribution of net welfare changes from re-routing (i.e., the absolute difference between gains with and without
re-routing) after a decrease in global bilateral trade costs of 5%, 10%, 15%, 25%, or 50%. Q1, Q2, and Q3 refer to the first, second, and third
quartiles. The right-most column reports the median real-income change without re-routing. See Section 5 for a discussion.

Table 4
TI violations after eliminating asymmetries in trade costs.

No restriction

Restrict 7 > 1

86%
31%

% of trade pairs with arbitrage opportunity
... trade-weighted

86%
31%

Distribution of potential savings:

Q1: 41%, Median: 81%, Mean: 82%, Q3: 117%, Max: 285%
Top 10 hubs (desc. order):

THA MYS SGP USA DEU NLD BEL FRA ARE ARG

Notes. This table reports violations of the triangle inequality that emerge after eliminating asymmetries in trade costs (i.e.,
setting r,’j = min{z;;,7;}). The right-most column sets the new trade cost values equal to one if they drop below one. The second
row shows the share in cross-border trade with at least one arbitrage opportunity. The third row refers to reductions in trade
costs from re-routing (measured in log-differences) when there is an arbitrage opportunity (restricting ¢ > 1). A “hub” denotes
an intermediary that allows for a cheaper delivery than the direct shipment between two countries. The sample contains 127

countries. The results are discussed in Section 5.

involving intermediaries creates a median net welfare change equal to 66.9% when we halve trade costs. In general, these statistics
hide a lot of heterogeneity, as the more detailed results above show.

Asymmetric shock to 7. We also compute a counterfactual exercise with non-uniform trade-cost changes. Specifically, follow-
ing Waugh (2010), we eliminate bilateral asymmetries in trade costs. We set the counterfactual trade costs equal to the minimum

of the (potentially different) bilateral trade costs; formally, rl.’l. = min{r

ij>

shock, but nonetheless, the TI may not hold anymore.

10

7;;}. Note that trade costs cannot fall below one due to this
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Fig. 2. Welfare changes after eliminating asymmetries in trade costs.

Notes. This figure depicts welfare changes after eliminating asymmetries in trade costs (i.e., setting 7/, = min{z;,7;;}). In one case, we do not allow for re-routing
(standard approach); in the other, we allow for re-routing when the TI is violated. We do not allow trade costs to fall below one in either case. Country codes
are shown only for a subset of countries for illustrative purposes. The results are discussed in Section 5.

Table 4 shows that about 86% of the trade relations now face at least one arbitrage opportunity, with a substantial extra reduction
of 82% on average. The main winners in this counterfactual scenario are mostly developing countries, reflected in a lower affected
trade share compared to Table 2. Fig. 2 depicts the immense welfare gains for these countries. The median difference between the
two welfare gains is equal to 45% of initial real income. The correlation between the initial average level of exporting costs and
the net gain from re-routing is 0.57. Therefore, weaker exporters benefit not only from the direct trade-cost reduction to strong
partners, but also from an indirect decline through re-routing, which is also highlighted by the set of top hubs in Table 4. Tables
0.11 and O.12 of the Online Appendix list the arbitrage statistics and the welfare changes in detail by country.

6. Comparison to transportation network frameworks

We argue that re-routing opportunities must be taken into account in standard trade models after trade-cost shocks. Therefore,
it is natural to compare our quantitative results to approaches from the economic geography literature that explicitly model the
transportation network, thereby endogenizing the routing decision. Do the counterfactual predictions of our standard trade model
get closer to those of such frameworks once we allow for re-routing?

We focus on the approach developed in Allen and Arkolakis (2022) (henceforth, AA22), who build a quantitative model
with endogenous trade costs, which can be recovered by complementing data on trade flows with information on traffic flows.
Appendix A briefly outlines their transportation setup. Ganapati et al. (2023) (henceforth, GWZ) apply this theory using international
containerized trade and shipping flows to estimate leg-level transportation costs (i.e., the costs of shipping directly from country i to
Jj)- The resulting leg-level costs and the underlying trade data are publicly available on the authors’ websites. After merging domestic
trade flows for the year 2014 (GWZ’s year of analysis) from our data, we are left with 129 countries. From here on, we use 7;; to
denote the leg-level transportation costs. With these estimates, we can ask what happens if we consider shocks to 7;; rather than
the trade cost 7;; (the standard target in the trade literature). Importantly, by construction, 7;; is unaffected by potential BPS.

With this in mind, we calculate three sets of trade costs. To obtain the first set of trade costs, we apply our approach from
Section 4 to GWZ’s trade data. We refer to the resulting trade costs as “traditional” trade costs to emphasize that we only use
information on trade flows following the canonical gravity literature. For the second set, we compute the Leontief inverse of the
leg-level transportation cost matrix to obtain trade costs following AA22, as explained in Appendix A. We refer to the resulting
trade costs as the “multi-route” version, since every available shipping route is used with positive probability in their environment.
Additionally, we obtain a third set of trade costs by calculating the least-cost route along #—the “‘single-route” version.**

These three sets of trade costs enable us to compute four types of counterfactual exercises (where z and 7 always refer to the
estimated values in what follows):

24 This is equivalent to setting 7, ; in Section 2 equal to GWZ'’s leg-level costs. Allen and Arkolakis (2014) develop a general-equilibrium model where country
pairs use solely the least-cost route in the network.

11
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Table 5

Welfare changes after a drop in trade costs (Different specifications).
Specification Shock size Distribution of welfare gains

Min. Q1 Q2 Q3 Max.

Shock  w/out Re-Routing 10% 0.3% 1.8% 3.0% 5.5% 17.7%
Shock 7 with Re-Routing 10% 0.4% 2.4% 4.1% 9.4% 26.0%
Shock 7 (Single-Route) 10% 0.6% 4.7% 8.2% 17.1% 54.9%
Shock # (Multi-Route) 4.8% 1.0% 5.5% 9.2% 17.6% 51.5%
Shock  w/out Re-Routing 25% 1.2% 6.8% 11.2% 19.7% 52.9%
Shock z with Re-Routing 25% 1.7% 10.3% 17.7% 37.9% 94.7%
Shock 7 (Single-Route) 25% 3.2% 35.0% 70.3% 124.0% 330.5%
Shock # (Multi-Route) 7.7% 7.4% 47.6% 83.5% 132.4% 270.4%

Notes. This table reports the distribution of the welfare changes after a decrease in global bilateral trade costs of 10% and
25% across several specifications. The first specification changes traditional trade costs, z, without accounting for re-routing
opportunities (standard hat algebra). The second one allows for re-routing after the shock (our approach). The third specification
shocks leg-level transportation costs, 7, and computes the minimum-cost route for every country pair (‘single-route’). The fourth
variant changes 7 and inverts the transportation cost matrix to obtain trade costs following Allen and Arkolakis (2022) (‘multi-
route’). For technical reasons, the shock size of the multi-route specification is smaller (details in the main text). Leg-level costs
7 are taken from Ganapati et al. (2023). Q1, Q2, and Q3 refer to the first, second, and third quartiles. See Section 6 for a
discussion.

(i) Shock the traditional z; j and do not allow for re-routing (standard hat algebra).
(i) Shock the traditional z; ; and allow for re-routing (our approach).
(iii) Shock 7;; in the single-route version.
(iv) Shock ; ; in the multi-route version.

In all these counterfactuals, we only adjust the set of trade costs (and shocks). The remaining structure outlined in Appendix A
stays unchanged, allowing us to compare the welfare outcomes across these specifications. It is important to emphasize that (i)
and (ii) shock the trade cost matrix, as is customary in the trade literature, while (iii) and (iv) consider changes to leg-level
transportation costs. The question is whether the predictions in counterfactual (ii) are closer to (iii) and (iv) compared to those
of counterfactual (i).? In other words, does accounting for the TI and re-routing after shocks capture forces that are similar to those
contained in changes of the explicit transportation network? Importantly, in the multi-route version (iv), the same shock size has
substantially larger effects than in the other specifications. Therefore, to facilitate comparability, we shock 7 in counterfactual (iv)
such that the average drop in 7 is the same as in counterfactual (iii).*

Table 5 reports the distribution of welfare changes after a uniform drop in global trade costs of 10% and 25%, respectively.
Confirming the results from Section 5, our method yields larger welfare gains compared to the standard hat-algebra approach along
the entire distribution. Note that the numbers differ from Section 5 because here we use GWZ’s trade data. The benefits from
re-routing after shocks to the leg-level costs are even larger than what we predict via the TI in an otherwise standard setup. In fact,
the median welfare gain after a 10% shock almost triples (doubles) in the single-route version relative to the standard approach (our
method). Fig. C.6 of Appendix C plots the welfare changes underlying Table 5. It shows that standard hat algebra predicts lower
welfare gains than the remaining specifications for all countries and that the welfare gains predicted by the four specifications are
highly correlated (as confirmed by Table 0.13 of the Online Appendix).

What happens when only a few (central) locations become better connected? GWZ highlight the role of important entrepdts
in the transportation sector. Accordingly, we conduct a further counterfactual to connect our ‘reduced-form’ TI-based approach to
their reasoning. That is, we decrease the export and import costs of the ten top hubs found in Table 1, leaving the remaining trade
costs unchanged. Table 6 reveals that taking the TI seriously brings the predictions substantially closer (in terms of magnitude) to
those of frameworks that explicitly shock and endogenize the transportation network. For instance, after a 25% shock, the median
welfare gain in the single-route version is more than six times as large as in standard hat algebra, whereas it (only) doubles relative
to our predictions. Fig. C.7 plots the underlying welfare changes. The correlations with the standard results are smaller than among
the remaining methods (cf. Table O.14 of the Online Appendix).

25 Ag argued in Appendix A, in the case of a uniform shock, counterfactuals (ii) and (iii) would predict the same changes in trade costs — and, hence, welfare
— if we started from the same trade-cost levels. However, the traditional trade costs we estimate are considerably smaller than those implied by the single-route
version. For instance, the median trade cost in the single-route specification is twice as large as the median of our traditional trade costs. In addition, the
dispersion is larger as well: The inter-quartile range of the log of trade costs from the single-route version is more than 50% larger than for the traditional trade
costs. The correlation between the log of these trade costs is 0.51.

26 We abstract from potential scale economies in the shipping sector (see Ganapati et al., 2023). For large shocks, we cannot invert the transportation cost
matrix in the multi-route version. Due to the differing underlying setup, the same shock size is not easily comparable to the other specifications—AA22 and GWZ
use a shock size of only 1%. Inter alia, GWZ compare — in our notation — a counterfactual of type (i) to one of type (iv), calling the differences the “network
effect”. See Allen and Arkolakis (2022) for a discussion on invertibility.
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Table 6

Welfare changes after a drop in trade costs (Different specifications—Hubs).
Specification Shock size Distribution of welfare gains

Min. Q1 Q2 Q3 Max.

Shock  w/out Re-Routing 10% 0.1% 0.5% 0.9% 2.0% 16.8%
Shock 7 with Re-Routing 10% 0.2% 1.4% 2.3% 4.5% 21.7%
Shock 7 (Single-Route) 10% 0.2% 1.7% 3.1% 6.5% 28.3%
Shock # (Multi-Route) 4.9% 0.2% 1.8% 3.1% 6.6% 22.1%
Shock  w/out Re-Routing 25% 0.3% 1.9% 3.4% 6.5% 53.7%
Shock z with Re-Routing 25% 0.9% 6.5% 11.3% 21.9% 79.2%
Shock 7 (Single-Route) 25% 1.2% 11.1% 22.6% 43.2% 155.8%
Shock # (Multi-Route) 10.1% 1.3% 9.9% 18.6% 35.5% 104.7%

Notes. This table reproduces Table 5 but changing only the export and import costs of the top ‘hubs’ in Table 1 (i.e., ARG, CHN,
DEU, GBR, MYS, PAN, SGP, THA, USA). ARE is missing in this dataset. Consult the notes to Table 5 for details and see Section 6
for a discussion.

In sum, accounting for TI violations after a trade-cost shock brings the welfare predictions substantially closer to those of
frameworks that explicitly model and shock the transportation network. This seems to be especially true for counterfactuals
involving a few well-connected countries. Therefore, the TI in canonical gravity setups captures forces that mimic spillovers in
the transportation infrastructure (see also Section 2). Recall that our approach — based on a standard gravity setup — requires only
data on trade flows, which is readily available for many countries, years, and industries. Having access to detailed data on shipping
flows (e.g., the proprietary data used in GWZ) allows for a more elaborate depiction of the transportation network, as AA22 and
GWZ show. Our quantitative results suggest that capturing re-routing via the TI yields a lower bound of the gains from changing
and exploiting the transportation network.

7. Conclusion

We show that the triangle inequality (TI) of trade costs plays a crucial role in counterfactual analyses in general equilibrium
trade models. Accounting for the TI implies that re-routing possibilities must be taken into account when trade costs change. In other
words, we must consider the potential spillover effects of changing trade costs. Since this argument relies on (transportation) cost
minimization, it is general and holds irrespective of the specific theoretical model and the empirical specification to estimate trade
costs. For instance, a model with imperfect competition would yield different estimates of variable trade costs due to the presence
of fixed market-access barriers. Similarly, pricing-to-market becomes relevant in a setup with non-homothetic preferences, and the
estimated trade costs between countries of very different per capita incomes will likely be lower than in a model with homothetic
preferences. However, also in such cases, the possibility of re-routing after trade-cost changes needs to be considered.

In this paper, we use the canonical Eaton and Kortum (2002) model and a variation of the Waugh (2010) approach to estimate
trade costs to illustrate the argument above. We provide two methods to calibrate trade costs that satisfy the TL. Standard estimation
procedures do not consider potential violations of the TI and can yield estimates that imply arbitrage opportunities. The latter are
inconsistent with the theory and should thus not be employed in simulations.

We use our estimates to calculate the welfare gains that arise from re-routing after a shock to the trade cost matrix. Using both
uniform and asymmetric reductions in trade costs, we show that counterfactual trade cost matrices can feature many arbitrage
opportunities. That is, several trade pairs could further reduce their delivery costs by involving an intermediary country after the
shock. Therefore, the effective drop in trade costs is larger for these dyads than the “direct” reduction in trade costs suggests. The TI
- and, thus, re-routing — is quantitatively important in that welfare gains are substantially higher for many countries when we check
for arbitrage opportunities. Finally, we compare our approach to studies that explicitly model the transportation network and show
that accounting for re-routing after shocks to trade costs brings the counterfactual responses substantially closer to counterfactuals
where we shock the explicit transportation network.
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Appendix A. Model setup
The Ricardian framework we employ is picked off the shelf from well-known contributions in the literature. The only difference
is our handling of trade cost (changes). In what follows, we briefly describe the Eaton and Kortum (2002) version with one sector

and labor as the only input (see, e.g., Simonovska and Waugh, 2014). For a detailed discussion of the model, consult these papers.
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Setup. This static world consists of N countries, indexed by i and j. There is a single tradable final-goods sector and a continuum
of varieties indexed by w € [0, 1]. Labor is supplied inelastically by a measure of L; consumers. The representative agent has CES
utility over a bundle of final goods with elasticity of substitution ¢ > 1.

Firms operate in perfect competition and employ a constant returns to scale technology, where the cost of producing one unit
of good w in country i is given by w;/z;(w). w; is the economy’s wage rate, and z;(w) denotes country i’s efficiency in producing
good w, which is independently drawn from a Fréchet distribution

Fi(z) = exp (-T;z™").

For one unit of the good to arrive in destination j, producers in country i need to ship 7;; > 1 units, as described in Section 2.
We normalize 7;; = 1 V;j and assume that the triangle inequality holds, i.e., 7;; < 7;,74; V(i, Jj, k).

Due to perfect competition, country i charges for good w its marginal cost of production and transportation to consumers in j,
that is,
Tij Wi
Z;(w)’

pij(w) =

and consumers pick the source that offers the lowest price. The productivity distribution coupled with this pricing behavior yields
the CES price index*”

N 77
P = [ZTk (wity) ] ,
k=1
and the gravity equation
_ ﬁ T (wiz;;)
X, N -0’
i Y T (wiryy)
where z;; is the so-called trade share, X;; is the amount spent by country j’s consumers on products from source i, and X; is
country j’s total expenditure on final goods. In Section 4, we work with trade shares that are normalized by domestic absorption,
that is,

-0

7 (A1)

-0_—0
m;  Twt;

- 6
7 Tjw;

To close the model, we assume that trade is balanced (i.e., every country has net exports equal to zero). As labor is the only

source of income in this model, the set of wages satisfies the following condition
N

w;L; = Znijijj,
Jj=1
where we have X; = w;L;.”*

Hat algebra. How does the equilibrium change after a shock to trade costs? Let the value of a variable x in the counterfactual
equilibrium be equal to x’, and let £ := x’/x. Using this “hat-notation”, we can depict changes in outcomes as a function of relative
trade costs, 7;;, and initial expenditure levels, X;;. It is easy to show that the relevant set of equilibrium equations becomes

N a0
my; (i)

Tl my (@ydy) ™

=
X

1]
M=

! oA
n'l.jij-.

J

After solving for the set of {i0;}; that satisfies this equation system, we can calculate welfare changes (i.e., changes in real wages).
More precisely, the gravity equation implies

w; -0
=T \5) -
1

which means that welfare changes depend only on the trade elasticity, 6, and changes in the home share, z;;,%

= (ﬁii)_$~

|5

27 We abstract from constant terms which will be irrelevant to the entire discussion.

28 A simple way to account for empirical trade imbalances would be to include an additional parameter that captures net exports in the initial equilibrium (see
Dekle et al., 2007).

29 For more details on this type of counterfactuals in quantitative trade models, see Costinot and Rodriguez-Clare (2014). For a discussion on the equilibrium’s
uniqueness, see Alvarez and Lucas (2007).
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A useful benchmark is the real income loss from going to autarky (i.e., 7;; — oo Vi # j). In that case, we obtain
N

because we know that z{ = 1, and thus #{ = 1/x;,.

A note on shock sizes. In Section 2, we discuss why the standard assumption of a holding triangle inequality (TI) is valid. To
that end, we introduced the direct trade cost between i and j, 7;;. Here, we briefly discuss the similarities and differences between
shocks to 7 (the standard target in the trade literature) and 7 (the direct trade costs).

Lety € (O, 1), and consider a shock where the counterfactual direct trade costs equal %i’j = y%;;. When we instead shock trade
costs 7, the new value of trade costs (before re-routing) reads yz;;. The shock size is limited such that y7;; and y7;; do not fall below
one. Moreover, let 11.’1.’1 (Ti,j,f') be the counterfactual trade-cost value after a shock to z (¥) and potential re-routing. By definition, we

have 7;; < 7;; (because 7;; measures the costs along the least-cost route, as explained in Section 2). Consequently, it must hold that
YT S v and therefore, /, . < T, . In words, the counterfactual trade costs after a trade-cost shock (and incorporating re-routing)

must be smaller or equal to those after a shock to 7.

In the special case when the shock is uniform across country pairs (i.e., shock by y Vi # j), it must hold that r[.’j’ = r i . To see
this, note that yz;; < y%;, coupled with the fact that the counterfactual optimal value T[.lj will follow a finite trajectory along the
network, implies that we must obtain the same counterfactual trade cost levels.*’

By contrast, in a non-uniform counterfactual experiment, the resulting trade costs might differ depending on whether we shock
7 or 7. For instance, if 7;; = 7, %; < 7;;, changing only 7;; has no effect as long as y7; > 7, 7;;. However, the counterfactual value
is y7;; if we shock the trade cost 7;;. In such cases, it matters whether one changes the direct cost 7;; or the route cost 7;;

In our main specifications, followmg the literature on international trade, we quantify shocks to the (optimal) trade cost 7;; (see
Section 5). In Section 6, we contrast our quantitative results with approaches that measure and shock 7;;.

Bilateral preference shifters. In international trade theory, bilateral preference shifters (BPS) and trade costs are isomorphic
(see, e.g., the discussion in Head and Mayer (2014)). That is, one can explain larger trade flows from country i to j either with a
higher utility obtained by households in j from consuming i’s goods (i.e., a larger BPS for this country pair) or by lower trade costs
(i.e., a lower value of r[j).

To see this, consider the setup above but suppose the representative household in country j has the following utility function

o

1 N “T_] !
U; = [) <Za,~jq,-j(w)> dw s
i=1

where a;; > 0 is a bilateral preference shifter (BPS) for the consumption of goods from country i, and ¢;;() is the amount of variety
@ prov1ded by i to j. Note that it still holds that there will only be one country exporting a specific variety w to consumers in j.
The supply side is unaffected by this change in utility: Since we have perfect competition, prices are equal to marginal cost.
However, consumers in j will now shop around the world to minimize prices divided by the respective BPS, where the ij-specific
component is a function of 7;; /a;

. { Tij Jj w; }
min { ——— ».
i a;;2;(w)

Following standard steps to solve the Fréchet integral (see Eaton and Kortum (2002)), we obtain the gravity equation with BPS
o ﬁ _ T; (wifij/aij)_g
! Xj sz=1 Ty (wkaj/akj)_g
Increasing «;; and 7;; by the same proportion leaves trade shares unaffected. Finally, note that the hat-algebra equations above to
compute counterfactual experiments are unchanged as long as we assume that trade-cost changes do not alter preference parameters.

ij>

Transportation network. Allen and Arkolakis (2022) show how to endogenize transportation costs in an EK-type environment.
We briefly outline their setup, because we compare our results to their approach in Section 6. For detailed descriptions and
derivations, consult Allen and Arkolakis (2022) (henceforth, AA22). To facilitate comparison with the above, we use our notation
wherever possible.

Let the transportation network be represented by an N x N matrix T = [F,, > 1], where %, captures the ad-valorem cost of

directly moving from k to /. There is a set of countably infinite possible routes from i to j, R;;, where moving from i to j along

ijs

= y7;;. Now recall it must hold that z/, <7/ .. Note that 7/, =77,
j,T J

30 As an illustration, suppose that TI/J L=V (mvolvmg an mtermedlary), whereas ru . e <
is only possible if 7,; = 7,,. But this implies that y7; < y*z, 7, < y*%,%,;, where the first inequality follows from the definition of e I one of these inequalities
were strict, this would contradrct r/ being the least-cost route. It follows that r =1/ because, in general, 7/, <7/ .. As in Section 2, we can reduce such

ijr ijo = tijE
inconsistencies involving n intermediaries to three-countries TIs.
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route r of length K, incurs total costs of IT kK=’ 1 Zre_1re- Note that the length of a route is determined by the number of links crossed

along the route. In AA22, the Fréchet shock is country-pair-route-specific (rather than only producer-specific) such that
K, -
k=1 Fric 1

P (@) = = )
1j.r

As a result, the probability that j buys a good from i using route r € R;; is given by
Ewi_g (HK" %76’ )

I=1"r-1.n

N -0 Ky ~—p
it T Tver,, (”1:1 T

Tijor =

Note that, due to the route-specific shocks, every route in the feasible set will be used with positive probability in equilibrium. As
opposed to that, in our simple description of the transportation technology in Section 2, only the least-cost route is used. Summing
over all routes, we obtain the same overall trade shares as in Eq. (A.1) when defining

0
. K, ~—0
T = z (171:]1’[_1’”)

reR;;

As a consequence of the route-specific shocks, these trade costs 7;; do not necessarily obey the TI.
To derive an analytical solution for the transportation costs in equilibrium, let A := [1“-,.;9] be an N x N matrix with (i, j) element

%i;". AA22 show that we can depict 7;; as follows

1

— G
7 = b,

where b;; is the (i, j) element of a matrix B determined by B := (I - A)~!. In words, B is the Leontief inverse of the weighted
adjacency matrix A (Allen and Arkolakis, 2022, p. 2922). This illustrates how a shock to link-level costs, 7, can be directly mapped
into bilateral trade costs, 7;;, thereby incorporating the endogenous routing decision. AA22 further demonstrate how to use hat
algebra in their environment by complementing data on bilateral trade with information on traffic flows, which avoids estimating
7 (and is unaffected by potential BPS).

Appendix B. Data

We use the International Trade and Production Database for Estimation (ITPD-E). The ITPD-E provides bilateral trade flows and
production data retrieved from several administrative data sources (see Borchert et al. (2021) for details). The production data is
used to calculate domestic trade as well as trade shares. The dataset covers the years 2000-2016 and up to 243 countries and 170
industries. For each country pair, we sum over all industries to obtain aggregate bilateral trade flows. We include only countries that
appear as both importers and exporters in a given year, and we drop countries with a total population below one million. We merge
China and Hong Kong, as well as Belgium and Luxembourg, which is often done in the literature due to large shares of re-exports.
Our main results use the year 2004.

The “gravity” covariates are taken from the widely-used CEPII Gravity database (Head et al., 2010). Specifically, we use the
population-weighted distance between two countries, and indicators for whether a country pair has (i) a common border, (ii) a
common official language, (iii) a common currency, (iv) a colonial link, or (v) a free trade agreement.

Appendix C. Additional figures

See Figs. C.1-C.7.

Appendix D. Additional tables
See Tables D.1-D.4.
Appendix E. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jinteco.2024.104018.
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Fig. C.1. TI violations with standard trade cost estimates—Norway.

Notes. This figure illustrates the TI violations for Norway as an exporter. Trade barriers are computed with Waugh’s (2010) method and restricted to at least
one. We mark the exporter with a diamond, intermediaries with a circle, and importers (i.e., the final destination) with an x. The transparent dashed line draws
the direct exporter-importer connection. See Section 3 for a discussion.

Data. See Appendix B.
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Fig. C.2. TI Violations with standard trade cost estimates—Nigeria.

Notes. This figure illustrates the TI violations for Nigeria as an exporter. Trade barriers are computed with Waugh’s (2010) method and restricted to at least
one. We mark the exporter with a diamond, intermediaries with a circle, and importers (i.e., the final destination) with an x. The transparent dashed line draws
the direct exporter-importer connection. See Section 3 for a discussion.

Data. See Appendix B.
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Fig. C.3. TI violations with standard trade cost estimates—India.
Notes. This figure illustrates the TI violations for India as an exporter. Trade barriers are computed with Waugh’s (2010) method and restricted to at least one.

We mark the exporter with a diamond, intermediaries with a circle, and importers (i.e., the final destination) with an x. The transparent dashed line draws the
direct exporter-importer connection. See Section 3 for a discussion.
Data. See Appendix B.

Corr. =0.98

Log of Trade Costs, log(t;;)

0 1 2 3 4 5
Log of Trade Barriers, log(h;;)

Fig. C.4. Trade barriers vs. Trade costs.
Notes. This figure depicts the log of estimated trade barriers, h;; =1, /a;;, against trade costs, t;. The solid black line is a 45-degree line, while “Corr”. reports

the correlation. We obtain trade costs by applying the algorithm summarized in Steps I to III. See Section 4 for a discussion.
Data. See Appendix B.
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Fig. C.5. The impact of re-routing on trade costs and welfare after a 25% drop in global trade costs.

Notes. This figure relates the welfare gains from re-routing to the trade-cost reduction through re-routing after a drop in global trade costs of 25%. On the
horizontal axis, we have the average ratio of trade costs after re-routing to trade costs without re-routing (both after the shock) for every exporter. The vertical
axis refers to the net welfare gains from re-routing. Country codes are shown only for a subset of countries for illustrative purposes. The results are discussed
in Section 5.
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Fig. C.6. Welfare changes after a drop in trade costs (different specifications).
Notes. This figure plots the (log of) welfare gains underlying Table 5 in the main text. The horizontal axes contain the results from standard hat algebra (without
re-routing), and the vertical axes the three remaining specifications. Consult the notes to Table 5 for details and see Section 6 for a discussion.
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Fig. C.7. Welfare changes after a drop in trade costs (different specifications—hubs).

Notes. This figure plots the (log of) welfare gains underlying Table 6 in the main text. The horizontal axes contain the results from standard hat algebra (without
re-routing), and the vertical axes the three remaining specifications. Consult the notes to Table 6 for details and see Section 6 for a discussion.
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Table D.1
Coefficients from gravity regressions.
OLS PPML
Distance [0, 375) —3.565%%* _D.978%%*
(0.352) (0.621)
Distance [375, 750) —4.323%%* —3.099%**
(0.321) (0.580)
Distance [750, 1500) —5.415%%* _3.964%%*
(0.316) (0.566)
Distance [1500, 3000) —6.851*** —5.538%**
(0.311) (0.582)
Distance [3000, 6000) —7.861%** _6.246%**
(0.312) (0.590)
Distance [6000, max.] —8.532%%* _6.455%%*
(0.314) (0.585)
Contiguity 1.260%** 1.122%%%
(0.118) (0.215)
No. of observations 13,722 16,002

Notes. This table reports OLS and PPML results for the gravity equation (5) in
Section 4. Robust standard errors are reported in parentheses. Regressions include
importer and exporter fixed effects. Distance is weighted by population. Distance
intervals are in miles. Trade flows are measured relative to domestic absorption.
Dependent variable is absolute (log of) trade shares for PPML (OLS). The results

are discussed in Section 3.
Data. See Appendix B.
*** significant at 1%-level.

22



R. Foellmi et al.

Journal of International Economics 152 (2024) 104018

Table D.2

TI violations with standard trade cost estimates—Details.

Exporter Main hubs TI violations Mean rel. savings Largest arbitrage opportunities
AFG CHN, THA, ARE 10 0.24 KOR, JPN, MNG, MYS, IDN
ALB SGP 2 0.16 IDN, PHL

ARE SAU, DEU, IND 12 0.15 BEL, CHE, DNK, NLD, IRQ
ARG 0 0

ARM TUR, CAN, SAU 4 0.14 YEM, USA, BGR, GRC

AUS CHN 1 0.16 MNG

AUT DEU, THA, MYS 97 0.18 BEL, DNK, NLD, MAR, FRA
AZE RUS, CAN, SAU 8 0.19 YEM, EST, FIN, LTU, LVA
BDI SGP 1 0.16 PHL

BEL DEU, FRA, THA 123 0.14 ESP, AUT, CZE, DNK, TUR
BFA DEU 1 0.24 DNK

BGD THA, SAU 6 0.27 MYS, IDN, PHL, SGP, YEM
BGR TUR, GBR, SGP 6 0.15 IRL, IDN, IRN, ARM, GEO
BIH DEU, SGP 6 0.22 BEL, DNK, NLD, FRA, IDN
BLR RUS, FRA, SGP 4 0.16 ESP, KAZ, IDN, MNG

BOL ARG, ZAF 2 0.19 URY, SWZ

BRA DEU, ARG 3 0.31 CHL, DNK, POL

BWA SGP, ZAF 3 0.18 SWZ, PHL, VNM

CAN USA 125 0.16 MEX, COL, TTO, ALB, ARG
CHE DEU, FRA, THA 122 0.16 CZE, DNK, POL, IRL, LTU
CHL ARG, PAN 122 0.05 BRA, PRY, URY, CRI, CMR
CHN THA, VNM 2 0.16 LKA, KHM

CIV FRA, ITA 3 0.16 BEL, SVN, DEU

CMR FRA, ARG 3 0.17 BEL, CHL, DEU

COG SAU 2 0.16 IRQ, KWT

COL PAN, ARG, DEU 8 0.16 CRI, CAN, URY, POL, HND
CRI PAN, DEU 123 0.04 PER, TTO, COL, ECU, CHL
CYP ITA, ARE, CAN 6 0.16 OMN, YEM, USA, NPL, CHE
CZE DEU, THA, MYS 103 0.18 BEL, CHE, DNK, NLD, MAR
DEU FRA, THA, BEL 19 0.14 ESP, OMN, YEM, MYS, ITA
DNK DEU, THA, SAU 118 0.18 AUT, BEL, CHE, CZE, MAR
DOM 0 0

DZA CHN, ITA 2 0.17 SVN, KOR

ECU FRA, PAN 5 0.12 CRI, BEL, CHE, DEU, ITA
EGY ITA, SAU, CAN 6 0.06 USA, NPL, CHE, FRA, ARE
ERI DEU, SAU, ARE 8 0.19 BEL, DNK, NLD, FRA, IRQ
ESP FRA, CHN, SAU 26 0.19 BEL, DEU, ITA, CHE, BLR
EST RUS, FRA, SAU 6 0.17 ESP, AZE, KAZ, YEM, IDN
ETH SAU, IND 6 0.1 IRQ, KWT, NPL, ARE, JOR
FIN RUS, ARE, FRA 8 0.18 OMN, ESP, AZE, GEO, KAZ
FRA DEU, BEL, ITA 34 0.21 POL, NLD, AUT, CZE, DNK
GBR NLD, THA, DEU 20 0.12 AUT, CZE, POL, DEU, FRA
GEO RUS, TUR, ARE 7 0.18 OMN, YEM, FIN, NOR, USA
GHA FRA, CAN 3 0.16 BEL, USA, DEU

GIN FRA 2 0.17 BEL, DEU

GMB BEL 1 0.24 DEU

GNB BEL 2 0.24 DEU, NLD

GRC TUR, SGP, NLD 7 0.11 IDN, PHL, IRN, GBR, ARM
HND DEU, ITA, PAN 4 0.11 AUT, POL, COL, SVN

HRV THA, DEU, FRA 6 0.14 DNK, SGP, IDN, PHL, ESP
HUN SGP, BEL, NLD 4 0.15 FRA, IDN, PHL, GBR

IDN SGP, MYS 125 0.4 KOR, PAK, LAO, PHL, ALB
IND CHN, ARE, SGP 10 0.2 KOR, JPN, MNG, PHL, SAU
IRL GBR, DEU, FRA 125 0.11 BGR, MDA, MKD, ROU, CHE
IRN ARE, TUR, GBR 7 0.17 OMN, IRL, BGR, GRC, ERI
IRQ SAU 10 0.23 YEM, ETH, SDN, ARE, OMN
ISR ITA, ARE, CAN 5 0.14 OMN, USA, AUT, CHE, FRA
ITA FRA, THA, DEU 15 0.15 ESP, BEL, DNK, CRI, MYS
JAM PAN 1 0.1 COL

JOR SAU, CAN 3 0.12 YEM, USA, ETH

JPN CHN, THA, BEL 16 0.26 MNG, AFG, IND, KAZ, KGZ
KAZ RUS, CHN, THA 22 0.2 JPN, KOR, MNG, VNM, FRA
KEN CHN 1 0.16 KOR

KGZ CHN, THA 9 0.22 JPN, KOR, MNG, MYS, IDN
KHM THA 124 0.74 LKA, NPL, KAZ, OMN, BEL
KOR CHN, THA 124 0.1 AFG, IND, PAK, TJK, KAZ
KWT SAU, ARE, GBR 9 0.22 YEM, ETH, IRL, ERI, COG
LAO THA 123 0.56 IDN, LKA, OMN, NZL, ZAF
LBN ITA, ARE, CAN 4 0.16 OMN, USA, CHE, FRA
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Table D.2 (continued).

Exporter Main hubs TI violations Mean rel. savings Largest arbitrage opportunities
LKA THA 12 0.29 KHM, LAO, MYS, VNM, IDN
LTU DEU, RUS, FRA 10 0.2 BEL, CHE, NLD, FRA, ESP
LVA DEU, RUS, FRA 10 0.2 BEL, CHE, NLD, FRA, ESP
MAR DEU, ARG 5 0.3 AUT, CZE, DNK, POL, CHL
MDA FRA, GBR 2 0.27 IRL, ESP

MDG SAU, CHN 3 0.16 IRQ, KWT, KOR

MEX DEU, FRA, USA 5 0.15 CAN, AUT, CZE, POL, ITA
MKD SGP, GBR 3 0.22 IRL, IDN, PHL

MLI DEU 2 0.22 DNK, POL

MNG CHN, CAN, THA 114 0.13 JPN, AFG, IND, KAZ, KGZ
MOZ ARG, SGP 2 0.16 CHL, PHL

MUS CHN 1 0.16 KOR

MWI SAU, ARG, SGP 4 0.16 IRQ, KWT, CHL, PHL

MYS SGP 125 0.68 AFG, ALB, ARE, ARM, AUS
NAM ZAF 1 0.22 SWz

NER CAN, PAN 2 0.15 CRI, USA

NGA BEL, SAU, CAN 6 0.18 DEU, NLD, IRQ, KWT, CRI
NIC DEU, FRA, PAN 5 0.11 AUT, CZE, POL, COL, ITA
NLD DEU, THA, BEL 122 0.13 AUT, CZE, FRA, TUR, POL
NOR RUS, THA, DEU 14 0.2 AUT, CHE, CZE, FRA, IRL
NPL IND, THA, CHN 20 0.21 KHM, MYS, VNM, JPN, IDN
NZL THA, SGP 4 0.15 LAO, BGD, LKA, NPL

OMN ARE 124 0.29 CYP, GEO, ISR, LBN, IRN
PAK CHN, SGP, ARE 9 0.23 KOR, JPN, MNG, IDN, PHL
PAN DEU, ITA 4 0.13 AUT, CZE, POL, SVN

PER PAN 1 0.35 CRI

PHL SGP, THA 117 0.15 IND, PAK, IDN, BGD, LKA
POL DEU, RUS, SGP 25 0.2 FRA, BEL, CHE, DNK, NLD
PRT ARG, DEU, ESP 3 0.23 POL, FRA, CHL

PRY ARG, PAN 118 0.04 CHL, URY, CRI, AFG, ALB
ROU GBR, SGP 2 0.25 IRL, IDN

RUS CHN 4 0.13 KOR, JPN, LAO, VNM
RWA SGP 1 0.16 PHL

SAU ARE 5 0.16 AFG, IND, PAK, TJK, IRN
SDN SAU, DEU, IND 5 0.12 IRQ, DNK, NPL, ARE, OMN
SEN DEU 3 0.23 CZE, DNK, POL

SGP THA, CHN 25 0.08 MNG, BGD, LKA, NPL, AFG
SLV DEU, FRA, PAN 5 0.11 AUT, CZE, POL, COL, ITA
SVK SGP, BEL, NLD 4 0.15 FRA, IDN, PHL, GBR

SVN ITA, THA, FRA 12 0.12 FRA, DZA, MYS, CIV, IDN
SWE DEU, BEL, FRA 8 0.18 AUT, CHE, FRA, ESP, YEM
SWz ZAF, SGP 4 0.17 BWA, NAM, PHL, BOL

SYR ITA, TUR, CAN 5 0.09 USA, BGR, GRC, CHE, FRA
TGO FRA, CAN 3 0.16 BEL, USA, DEU

THA SGP, GBR, MYS 95 0.11 IRL, ALB, ARE, ARM, AUS
TJK CHN, DEU, THA 14 0.24 KOR, JPN, MNG, BEL, CHE
TKM FRA, GBR, SAU 3 0.2 YEM, IRL, ESP

TTO PAN, USA 2 0.3 CRI, CAN

TUN THA, CHN, PAN 7 0.15 CRI, KOR, MYS, VNM, IDN
TUR DEU, SAU, CAN 8 0.19 BEL, NLD, FRA, YEM, USA
TZA CHN 1 0.16 KOR

UKR RUS, FRA, NLD 4 0.14 ESP, KAZ, MNG, GBR

URY ARG 125 0.22 CHL, BOL, PRY, COL, AFG
USA 0 0

VEN 0 0

VNM THA, CHN 122 0.26 LKA, NPL, KAZ, OMN, BWA
YEM SAU 23 0.22 IRQ, KWT, ARM, AZE, CYP
ZAF SGP, GBR 4 0.16 IRL, LAO, PHL, VNM

Notes. This table provides additional details on the summary statistics in Table 1. The sample contains 127 countries in the
year 2004. “Main Hubs” are up to three intermediaries through which a given exporter can most often allegedly decrease its
shipping costs (listed in descending frequency of involvement). “TI Violations” are the number of importers for which an alleged
arbitrage opportunity exists. The fourth column reports average log-savings for relations with a TI violation. The last column
lists for which importers a country has the largest relative drop in trade costs from involving an intermediary (up to five, in
descending order). Trade costs are restricted to at least one. See Section 3 for a discussion.
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Table D.3

TI violations after a 25% drop in global trade costs—Details.

Exporter Main hubs TI violations Mean rel. savings Largest arbitrage opportunities
AFG MYS, ARE, CHN 69 0.08 LAO, VNM, YEM, BGD, AUS
ALB CHE, MYS, TUR 18 0.14 PRT, BEL, DEU, NLD, DNK
ARE SAU, BEL, IND 27 0.12 GBR, IRL, BGD, NOR, SWE
ARG THA, FRA, BRA 15 0.01 VEN, BGD, CHN, ESP, GBR
ARM TUR, ARE, RUS 46 0.1 BGR, GRC, ERI, EST, FIN
AUS THA, BEL, CHN 19 0.05 PAK, AFG, KAZ, KGZ, TJIK
AUT BEL, DEU 120 0.26 TUR, ARE, ARG, ARM, AUS
AZE RUS, FRA, ARE 34 0.14 EST, FIN, LTU, LVA, NOR
BDI ARE, MYS, BEL 22 0.04 CHN, KOR, JPN, AFG, ARM
BEL ITA, THA, ARE 36 0.05 PRT, ARM, GEO, SYR, CYP
BFA FRA, MYS, TUR 17 0.06 LTU, LVA, NOR, SWE, MEX
BGD MYS, IND 117 0.26 ALB, AUS, BDI, BGR, BIH
BGR TUR, ITA, MYS 33 0.15 ARM, GEO, SYR, IRN, PRT
BIH FRA, ITA, MYS 34 0.13 MAR, GBR, IRL, LTU, LVA
BLR RUS, BEL, MYS 23 0.1 KAZ, MNG, TKM, MEX, ESP
BOL ARG, ESP 108 0.06 MOZ, MWI, SWZ, BEL, CHE
BRA ARG, BEL, VEN 92 0.06 DOM, HUN, LTU, LVA, NOR
BWA ZAF 115 0.19 MOZ, AUS, CAN, CHN, COL
CAN USA, PAN 124 0.03 ECU, BEL, CHE, DEU, DNK
CHE BEL, NLD, DEU 119 0.26 PRT, ARE, ARM, AZE, BFA
CHL ARG 123 0.28 AFG, ALB, ARE, ARM, AUS
CHN THA, RUS, BEL 99 0.08 BDI, BWA, MOZ, MWI, NZL
CIV BEL, MYS, CAN 17 0.11 GBR, IRL, HUN, LTU, LVA
CMR BEL, THA, SAU 17 0.1 GBR, IRL, ARE, OMN, LTU
COG THA, BEL, SAU 11 0.05 ARE, OMN, IRQ, KWT, COL
COL PAN, VEN 116 0.13 HND, JAM, NIC, SLV, DOM
CRI PAN 123 0.29 DNK, DOM, FRA, LAO, MYS
CYP ITA, ARE, BEL 26 0.13 BEL, CHE, DEU, DNK, FRA
CZE BEL, NLD, DEU 118 0.27 BDI, BGD, BRA, BWA, CAN
DEU ITA, THA, ARE 36 0.05 PRT, ARM, GEO, SYR, CYP
DNK FRA, DEU 123 0.27 ECU, BIH, HRV, HUN, LTU
DOM MYS, BEL, VEN 17 0.03 ECU, COL, BRA, ESP, GBR
DZA ITA, BEL, THA 36 0.16 LTU, LVA, NOR, SWE, BEL
ECU BEL, MYS, PAN 29 0.06 DOM, SVN, ITA, BIH, HRV
EGY ITA, BEL, MYS 29 0.14 ARE, OMN, POL, BEL, CHE
ERI SAU, BEL, ARE 32 0.15 ARM, AZE, GEO, TKM, TUR
ESP FRA, BEL, CHE 119 0.23 BIH, HRV, HUN, LTU, LVA
EST RUS, FRA, THA 38 0.08 AZE, KAZ, MNG, ARM, TKM
ETH ITA, SAU, MYS 24 0.16 ARE, JOR, OMN, AUT, BEL
FIN RUS, BEL, THA 28 0.1 AZE, GEO, KAZ, MNG, ARM
FRA ITA, BEL, ARE 34 0.05 PRT, ARM, GEO, SYR, CYP
GBR BEL, ITA, NLD 113 0.11 PRT, BIH, HRV, HUN, LTU
GEO TUR, RUS, ARE 50 0.11 FIN, NOR, BGR, GRC, ERI
GHA BEL, THA, CAN 26 0.08 GIN, GBR, IRL, HUN, LTU
GIN BEL, MYS, IND 20 0.11 GHA, GBR, IRL, BIH, HUN
GMB DEU, MYS 22 0.05 HUN, LTU, LVA, NOR, SVK
GNB BEL, MYS 14 0.08 HUN, LTU, LVA, NOR, SVK
GRC ITA, TUR, MYS 38 0.16 ARM, GEO, SYR, IRN, PRT
HND FRA, MYS, PAN 30 0.05 COL, PER, TTO, BIH, HRV
HRV FRA, ITA, MYS 24 0.16 GBR, IRL, LTU, LVA, NOR
HUN BEL, AUT, MYS 38 0.12 PRT, MAR, GBR, IRL, NOR
IDN MYS 119 0.28 DNK, GBR, HRV, IRL, ITA
IND ARE, MYS, CHN 98 0.09 KAZ, LAO, VNM, IRQ, YEM
IRL GBR, BEL 125 0.28 BIH, HRV, HUN, LTU, LVA
IRN ARE, TUR, FRA 106 0.09 BGR, ERI, GRC, IND, NPL
IRQ SAU, ARE, BEL 104 0.21 IND, PAK, ERI, ARE, COG
ISR ITA, ARE, BEL 33 0.13 POL, BEL, CHE, DEU, DNK
ITA BEL, NLD, DEU 104 0.22 PRT, LTU, LVA, NOR, SWE
JAM FRA, MYS, PAN 20 0.03 COL, PER, ECU, SLV, CHL
JOR SAU, BEL, ARE 29 0.1 ETH, ARE, OMN, ERI, BGD
JPN CHN, MYS, KOR 125 0.12 RUS, AFG, IND, KAZ, KGZ
KAZ MYS, RUS, CHN 74 0.12 BLR, EST, FIN, LTU, LVA
KEN ARE, BEL, MYS 20 0.03 JPN, AFG, GEO, IND, PAK
KGZ THA, CHN, IND 59 0.07 LAO, VNM, AUS, NZL, JPN
KHM MYS 119 0.28 GBR, HRV, IRL, ITA, NOR
KOR CHN 123 0.29 ALB, ARE, ARM, AUS, AZE
KWT SAU, ARE, BEL 123 0.2 COG, ERI, IND, MDG, MWI
LAO MYS 119 0.28 AFG, ARG, AUT, BFA, BOL
LBN ITA, THA, ARE 34 0.1 BEL, CHE, DEU, DNK, FRA
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Table D.3 (continued).

Exporter Main hubs TI violations Mean rel. savings Largest arbitrage opportunities
LKA MYS 118 0.26 ARG, BOL, BRA, CAN, CHL
LTU FRA, RUS, BEL 49 0.13 PRT, AZE, KAZ, MNG, DZA
LVA FRA, RUS, MYS 48 0.14 PRT, AZE, KAZ, MNG, DZA
MAR BEL, ESP, ITA 33 0.13 BIH, HUN, LTU, LVA, NOR
MDA BEL, MYS, TUR 19 0.05 KAZ, MEX, ESP, PRT, MNG
MDG THA, FRA, SAU 29 0.03 NAM, ARE, JOR, JPN, IRQ
MEX USA 118 0.15 ALB, BFA, BGR, BIH, BLR
MKD ITA, MYS, TUR 24 0.11 PRT, BEL, CHE, DEU, DNK
MLI FRA, MYS, TUR 23 0.05 LTU, LVA, NOR, SWE, MEX
MNG CHN 124 0.27 ALB, ARE, ARM, AUS, BGD
MOZ MYS, BEL, ZAF 18 0.06 NAM, CHN, KOR, MNG, BOL
MUS BEL, MYS, CHN 15 0.04 GBR, IRL, JPN, NOR, BGD
MWI MYS, BEL, SAU 21 0.07 ARE, JOR, OMN, CHN, KOR
MYS CHN, BEL, ZAF 7 0.07 NAM, AFG, JPN, KAZ, KGZ
NAM ZAF, BEL, THA 20 0.07 MDG, MOZ, IDN, KHM, LAO
NER BEL, CAN, MYS 17 0.08 ARE, OMN, LTU, LVA, NOR
NGA FRA, SAU, MYS 18 0.12 GBR, IRL, ARE, OMN, LTU
NIC THA, BEL, PAN 27 0.06 COL, PER, TTO, SVN, ITA
NLD ITA, SGP, ARE 33 0.05 PRT, ARM, GEO, SYR, CYP
NOR FRA, RUS, GBR 61 0.14 PRT, AZE, GEO, KAZ, MNG
NPL MYS, IND, CHN 117 0.26 ALB, ARG, AUS, BDI, BGR
NZL MYS, FRA, CHL 26 0.05 CHN, IND, KOR, MNG, PAK
OMN ARE 125 0.28 ALB, AUT, BDI, BFA, BGD
PAK ARE, MYS, CHN 83 0.09 LAO, VNM, IRQ, YEM, AUS
PAN FRA, MYS, CHL 26 0.04 URY, ARG, BIH, HRV, HUN
PER ESP, MYS, BEL 28 0.07 PRY, URY, ARG, HND, JAM
PHL MYS 119 0.28 AFG, ALB, ARE, ARG, ARM
POL BEL, RUS, NLD 100 0.25 ECU, AZE, CIV, CMR, GHA
PRT BEL, ESP, NLD 55 0.2 HUN, LTU, LVA, NOR, SVK
PRY ARG 124 0.27 AFG, ALB, ARE, ARM, AUS
ROU ITA, MYS, TUR 25 0.12 PRT, BEL, CHE, DEU, DNK
RUS CHN, DNK, FRA 29 0.08 LAO, VNM, JPN, MEX, KHM
RWA ARE, MYS, BEL 22 0.04 CHN, KOR, JPN, AFG, ARM
SAU ARE, BEL, TUR 107 0.13 NPL, AFG, IND, PAK, TJK
SDN FRA, MYS, SAU 20 0.11 ARE, OMN, GBR, IRL, PRT
SEN THA, BEL 19 0.06 HUN, LTU, LVA, NOR, SVK
SGP BEL, CHN, MYS 16 0.03 NAM, AFG, JPN, KAZ, KGZ
SLV BEL, MYS, PAN 28 0.06 COL, PER, TTO, SVN, ITA
SVK BEL, THA, AUT 39 0.11 PRT, MAR, GBR, IRL, NOR
SVN ITA, BEL 117 0.21 LVA, NOR, SWE, MEX, NIC
SWE BEL, MYS, RUS 44 0.14 PRT, TUR, DZA, MAR, TUN
SWz ZAF 120 0.19 BOL, NAM, AFG, ALB, ARE
SYR TUR, ITA, ARE 38 0.13 BGR, GRC, BEL, CHE, DEU
TGO BEL, MYS, CAN 15 0.12 GBR, IRL, LTU, LVA, NOR
THA FRA, CHN, MYS 19 0.03 NAM, AFG, JPN, KAZ, KGZ
TJK MYS, ARE, CHN 66 0.09 LAO, VNM, YEM, GBR, IRL
TKM RUS, ARE, BEL 26 0.11 ERI, BLR, EST, FIN, LTU
TTO FRA, MYS, PAN 18 0.04 HND, NIC, SLV, COL, BGD
TUN ITA, MYS, ARE 27 0.17 LVA, NOR, SWE, BEL, CHE
TUR BEL, MYS, SAU 24 0.12 ARE, OMN, NOR, SWE, GBR
TZA ARE, BEL, MYS 21 0.03 JPN, AFG, ARM, AZE, GEO
UKR RUS, BEL, TUR 25 0.11 KAZ, MNG, GBR, IRL, MEX
URY ARG 123 0.29 AFG, ALB, ARE, ARM, AUS
USA MYS, BEL, PAN 15 0 ECU, BGD, CHN, IND, KOR
VEN MYS, BEL, BRA 17 0.04 ARG, CHL, URY, ESP, GBR
VNM MYS 119 0.28 GBR, HRV, IRL, ITA, NLD
YEM SAU 118 0.22 ARE, ARM, AZE, CYP, GEO
ZAF MYS, BEL 18 0.05 CHN, KOR, MNG, NOR, SWE

Notes. This table provides additional details on the summary statistics in Table 2. “Main Hubs” are up to three intermediaries
through which a given exporter can most often decrease its shipping costs (listed in descending frequency of involvement). “TI
Violations” are the number of importers for which an arbitrage opportunity exists. The fourth column reports average log-savings
for relations with a TI violation. The last column lists for which importers a country has the largest relative drop in trade costs
from involving an intermediary (up to five, in descending order). Trade costs are restricted to at least one. See Section 5 for a
discussion.
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Table D.4
Welfare changes after a 25% drop in global trade costs.
Country @ (2 3 (] 5)
With re-routing No re-routing ((D-(2)/(2) Autarky loss ((D-(2))/14)]
AFG 0.68 0.48 0.42 —0.52 0.39
ALB 0.07 0.06 0.09 —-0.03 0.18
ARE 0.82 0.49 0.68 —0.45 0.74
ARG 0.47 0.41 0.14 —-0.32 0.17
ARM 0.34 0.20 0.69 -0.13 1.06
AUS 0.23 0.16 0.41 —-0.09 0.74
AUT 0.16 0.12 0.42 —-0.10 0.51
AZE 0.32 0.23 0.40 —-0.13 0.67
BDI 0.06 0.04 0.58 —-0.02 1.06
BEL 0.10 0.09 0.09 -0.12 0.07
BFA 0.20 0.19 0.06 -0.12 0.09
BGD 0.62 0.25 1.52 -0.16 2.40
BGR 0.30 0.18 0.63 -0.10 1.11
BIH 0.55 0.37 0.48 —-0.26 0.68
BLR 0.40 0.40 0.00 -0.36 0.00
BOL 0.42 0.35 0.20 —-0.24 0.29
BRA 0.08 0.06 0.35 —0.03 0.59
BWA 0.46 0.27 0.74 —-0.63 0.31
CAN 0.17 0.12 0.44 —-0.22 0.23
CHE 0.20 0.12 0.73 -0.10 0.83
CHL 0.68 0.31 1.22 -0.19 1.96
CHN 0.11 0.09 0.23 —-0.05 0.38
CIV 0.45 0.41 0.10 -0.27 0.14
CMR 0.37 0.30 0.24 -0.17 0.42
COG 0.53 0.48 0.11 -0.37 0.14
COL 0.25 0.17 0.50 —-0.09 0.90
CRI 0.50 0.24 1.08 —-0.14 1.87
CYP 0.43 0.20 1.14 —-0.12 1.97
CZE 0.16 0.12 0.39 —-0.09 0.49
DEU 0.07 0.07 0.07 —0.06 0.07
DNK 0.21 0.12 0.84 —-0.09 1.13
DOM 0.57 0.51 0.11 -0.37 0.15
DZA 0.68 0.47 0.45 -0.33 0.65
ECU 0.14 0.10 0.36 —0.06 0.61
EGY 0.31 0.14 1.18 —-0.08 2.09
ERI 0.17 0.06 1.70 —0.04 2.92
ESP 0.11 0.06 0.80 —0.04 1.21
EST 0.26 0.21 0.19 —-0.13 0.32
ETH 0.24 0.12 1.12 -0.07 1.91
FIN 0.15 0.11 0.32 —0.06 0.56
FRA 0.05 0.05 0.07 —-0.05 0.07
GBR 0.14 0.08 0.67 —-0.05 1.09
GEO 0.52 0.31 0.65 -0.21 0.99
GHA 0.26 0.19 0.36 -0.11 0.62
GIN 0.23 0.19 0.24 -0.12 0.39
GMB 0.28 0.25 0.13 -0.15 0.21
GNB 0.08 0.08 —-0.03 —0.05 -0.05
GRC 0.23 0.09 1.51 —-0.05 2.79
HND 0.55 0.51 0.06 —-0.44 0.08
HRV 0.34 0.21 0.61 -0.12 1.08
HUN 0.34 0.20 0.76 -0.11 1.39
IDN 0.53 0.20 1.64 —-0.14 2.41
IND 0.13 0.08 0.68 —0.05 1.10
IRL 0.50 0.21 1.35 —-0.14 2.10
IRN 0.36 0.16 1.19 -0.10 1.91
IRQ 0.97 0.52 0.88 —0.46 0.99
ISR 0.28 0.14 1.00 —-0.07 1.87
ITA 0.10 0.06 0.73 —0.04 1.09
JAM 0.38 0.34 0.11 —-0.22 0.17
JOR 0.35 0.22 0.61 -0.15 0.90
JPN 0.08 0.04 1.28 —0.02 2.09
KAZ 0.59 0.38 0.56 —-0.28 0.77
KEN 0.23 0.18 0.26 -0.12 0.42
KGZ 0.22 0.17 0.30 -0.12 0.41
KHM 0.86 0.31 1.75 -0.25 2.23
KOR 0.13 0.07 0.80 —-0.05 1.28
KWT 0.78 0.25 2.14 —-0.16 3.32
LAO 0.19 0.08 1.31 -0.12 0.94

(continued on next page)
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Table D.4 (continued).

Country m 2 3) [C)] 5)
With re-routing No re-routing (D-2)/(2) Autarky loss ((D-2)/1)]

LBN 0.62 0.38 0.64 —0.30 0.81
LKA 0.79 0.42 0.89 —0.36 1.04
LTU 0.24 0.18 0.32 —0.11 0.53
LVA 0.24 0.16 0.54 -0.10 0.90
MAR 0.43 0.26 0.67 -0.14 1.19
MDA 0.33 0.29 0.12 -0.19 0.19
MDG 0.37 0.31 0.21 -0.19 0.35
MEX 0.11 0.09 0.24 —0.06 0.37
MKD 0.14 0.09 0.53 -0.05 0.91
MLI 0.19 0.17 0.11 -0.11 0.18
MNG 0.31 0.18 0.70 -0.13 0.96
MOZ 0.24 0.20 0.20 -0.13 0.32
MUS 0.55 0.38 0.43 -0.27 0.61
MWI 0.15 0.11 0.32 -0.07 0.52
MYS 0.35 0.27 0.33 -0.22 0.39
NAM 0.44 0.44 -0.01 -0.45 -0.01
NER 0.18 0.15 0.20 —0.09 0.36
NGA 0.10 0.07 0.37 —0.04 0.71
NIC 0.44 0.41 0.07 -0.32 0.09
NLD 0.10 0.09 0.10 -0.10 0.09
NOR 0.18 0.13 0.42 —0.07 0.77
NPL 0.17 0.10 0.71 —0.07 0.94
NZL 0.13 0.09 0.50 —-0.05 0.89
OMN 1.09 0.32 2.41 -0.29 2.66
PAK 0.36 0.23 0.55 -0.16 0.81
PAN 0.75 0.49 0.52 -0.47 0.54
PER 0.16 0.13 0.22 —0.07 0.38
PHL 0.68 0.29 1.34 -0.19 2.03
POL 0.11 0.08 0.45 —0.06 0.60
PRT 0.35 0.10 2.56 —0.05 4.81
PRY 0.64 0.35 0.82 —0.28 1.03
ROU 0.19 0.12 0.60 —0.07 1.09
RUS 0.30 0.22 0.39 -0.13 0.66
RWA 0.15 0.10 0.50 —0.06 0.79
SAU 0.99 0.53 0.87 —0.50 0.92
SDN 0.46 0.24 0.92 -0.15 1.50
SEN 0.22 0.19 0.12 -0.11 0.21
SGP 0.55 0.43 0.26 —0.54 0.21
SLV 0.52 0.48 0.08 -0.39 0.10
SVK 0.30 0.20 0.49 -0.11 0.87
SVN 0.32 0.15 1.07 -0.10 1.63
SWE 0.23 0.14 0.60 —0.08 1.09
SWZ 0.19 0.10 0.87 -0.17 0.54
SYR 0.26 0.13 0.93 —0.09 1.40
TGO 0.27 0.25 0.09 -0.15 0.14
THA 0.59 0.42 0.39 -0.41 0.40
TJK 0.15 0.13 0.14 —0.09 0.21
TKM 0.17 0.15 0.09 —0.09 0.16
TTO 0.32 0.29 0.09 -0.16 0.17
TUN 0.53 0.30 0.80 -0.16 1.44
TUR 0.23 0.15 0.58 —0.08 1.03
TZA 0.29 0.21 0.42 -0.13 0.66
UKR 0.12 0.09 0.34 —0.06 0.53
URY 0.42 0.20 1.07 -0.13 1.65
USA 0.04 0.03 0.39 —0.02 0.55
VEN 0.59 0.54 0.10 —0.46 0.11
VNM 0.70 0.24 1.89 —0.18 2.52
YEM 0.77 0.23 2.32 -0.17 3.21
ZAF 0.38 0.25 0.55 -0.15 0.93
Average 0.35 0.22 0.61 -0.17 0.91

Notes. This table reports the welfare changes after a decrease in global bilateral trade costs of 25%. Column (1) allows for
re-routing after the shock, while Column (2) does not. Column (3) shows the relative increase in welfare gains due to re-routing.
Column (4) reports, as a benchmark value, the real income loss from going to complete autarky (i.e., 7;; — co Vi # j). Column (5)
shows the difference between Columns (1) and (2) scaled by the absolute value of Column (4). See Section 5 for a discussion
of the results.
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Data availability

Replication Package for "Triangle Inequalities in International Trade: The Neglected Dimension" by Foellmi, Hepenstrick, and Toru
n (Original data) (Mendeley Data)

References

Allen, T., Arkolakis, C., 2014. Trade and the topography of the spatial economy. Q. J. Econ. 129 (3), 1085-1140.

Allen, T., Arkolakis, C., 2022. The welfare effects of transportation infrastructure improvements. Rev. Econ. Stud. 89 (6), 2911-2957.

Alvarez, F., Lucas, R.E.J., 2007. General equilibrium analysis of the Eaton-Kortum model of international trade. J. Monetary Econ. 54 (6), 1726-1768.

Arkolakis, C., Costinot, A., Rodriguez-Clare, A., 2012. New trade models, same old gains? Amer. Econ. Rev. 102 (1), 94-130.

Behrens, K., Picard, P.M., 2011. Transportation, freight rates, and economic geography. J. Int. Econ. 85 (2), 280-291.

Borchert, L., Larch, M., Shikher, S., Yotov, Y.V., 2021. The international trade and production database for estimation (ITPD-E). Int. Econ. 166, 140-166.

Brancaccio, G., Kalouptsidi, M., Papageorgiou, T., 2020. Geography, transportation, and endogenous trade costs. Econometrica 88 (2), 657-691.

Brancaccio, G., Kalouptsidi, M., Papageorgiou, T., Rosaia, N., 2023. Search frictions and efficiency in decentralized transport markets. Q. J. Econ. 138 (4),
2451-2503.

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

Caliendo, L., Parro, F., 2015. Estimates of the trade and welfare effects of NAFTA. Rev. Econ. Stud. 82 (1), 1-44.

Caron, J., Fally, T., Markusen, J.R., 2014. International trade puzzles: A solution linking production and preferences. Q. J. Econ. 129 (3), 1501-1552.

Chaney, T., 2008. Distorted gravity: The intensive and extensive margins of international trade. Amer. Econ. Rev. 98 (4), 1707-1721.

Cosar, A.K., Grieco, P.L., Li, S., Tintelnot, F., 2018. What drives home market advantage? J Int. Econ. 110, 135-150.

Costinot, A., Rodriguez-Clare, A., 2014. Trade theory with numbers: Quantifying the consequences of globalization. In: Handbook of International Economics,
vol. 4, Elsevier, pp. 197-261.

Crozet, M., Head, K., Mayer, T., 2012. Quality sorting and trade: Firm-level evidence for French Wine. Rev. Econ. Stud. 79 (2), 609-644.

Dekle, R., Eaton, J., Kortum, S., 2007. Unbalanced trade. Amer. Econ. Rev. 97 (2), 351-355.

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

Eaton, J., Kortum, S., 2005. Technology in the global economy: A framework for quantitative analysis. Unpublished manuscript.

Eaton, J., Kortum, S., 2012. Putting Ricardo to work. J. Econ. Perspect. 26 (2), 65-90.

Eaton, J., Kortum, S., Neiman, B., Romalis, J., 2016. Trade and the global recession. Amer. Econ. Rev. 106 (11), 3401-3438.

Egger, P., Foellmi, R., Schetter, U., Torun, D., 2023. Gravity with history: On incumbency effects in international trade. CEPR Discussion Paper, No. 18421.

Felbermayr, G., Teti, F., Yalcin, E., 2019. Rules of origin and the profitability of trade deflection. J. Int. Econ. 121, 103248.

Foellmi, R., Hepenstrick, C., Torun, D., 2022. Triangle inequalities in international trade: The neglected dimension. CEPR Discussion Paper Series, No. DP17118.

Ganapati, S., Wong, W.F., Ziv, O., 2023. Entrep6t: Hubs, scale, and trade costs. NBER Working Paper Series, No. 29015.

Head, K., Mayer, T., 2014. Gravity equations: Workhorse, toolkit, and cookbook. In: Handbook of International Economics, vol. 4, Elsevier, pp. 131-195.

Head, K., Mayer, T., Ries, J., 2010. The erosion of colonial trade linkages after independence. J. Int. Econ. 81 (1), 1-14.

Head, K., Ries, J., 2001. Increasing returns versus national product differentiation as an explanation for the pattern of US-Canada trade. Am. Econ. Rev. 91 (4),
858-876.

Hillberry, R., Hummels, D., 2003. Intranational home bias: Some explanations. Rev. Econ. Stat. 85 (4), 1089-1092.

Hummels, D., Lugovskyy, V., Skiba, A., 2009. The trade reducing effects of market power in international shipping. J. Dev. Econ. 89 (1), 84-97.

Lee, S.M., 2023. Globalization and structural transformation: The role of tradable services. Mimeo, University of South Carolina.

Melitz, M.J., 2003. The impact of trade on intra-industry reallocations and aggregate industry productivity. Econometrica 71 (6), 1695-1725.

Novy, D., 2013. Gravity redux: Measuring international trade costs with panel data. Econ. Inquiry 51 (1), 101-121.

Ossa, R., 2015. Why trade matters after all. J. Int. Econ. 97 (2), 266-277.

Samuelson, P.A., 1954. The transfer problem and transport costs, II: Analysis of effects of trade impediments. Econ. J. 64 (254), 264-289.

Santos Silva, J., Tenreyro, S., 2006. The log of gravity. Rev. Econ. Stat. 88 (4), 641-658.

Simonovska, I., Waugh, M.E., 2014. The elasticity of trade: Estimates and evidence. J. Int. Econ. 92 (1), 34-50.

Sotelo, S., 2020. Domestic trade frictions and agriculture. J. Political Econ. 128 (7), 2690-2738.

Waugh, M.E., 2010. International trade and income differences. Am. Econ. Rev. 100 (5), 2093-2124.

Wolf, H.C., 2000. Intranational home bias in trade. Rev. Econ. Stat. 82 (4), 555-563.

Wong, W.F., 2022. The round trip effect: Endogenous transport costs and international trade. Am. Econ. J.: Appl. Econ. 14 (4), 127-166.

Yi, K.-M., 2010. Can multistage production explain the home bias in trade? Am. Econ. Rev. 100 (1), 364-393.

29


https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
https://data.mendeley.com/datasets/nmzr6v9zr6/2
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb1
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb2
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb3
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb4
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb5
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb6
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb7
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb8
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb8
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb8
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb9
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb9
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb9
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb10
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb11
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb12
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb13
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb14
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb14
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb14
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb15
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb16
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb17
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb18
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb19
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb20
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb21
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb22
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb23
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb24
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb25
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb26
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb27
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb27
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb27
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb28
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb29
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb30
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb31
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb32
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb33
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb34
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb35
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb36
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb37
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb38
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb39
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb40
http://refhub.elsevier.com/S0022-1996(24)00145-4/sb41

	Triangle inequalities in international trade: The neglected dimension
	Introduction
	The Theoretical Reasoning behind the TI 
	TI Violations with Standard Trade Cost Estimates 
	Obtaining Theory-Consistent Trade Costs
	The Welfare Implications of Re-Routing
	Comparison to Transportation Network Frameworks
	Conclusion
	Declaration of competing interest
	Model Setup
	Appendix A. Model Setup
	Data
	Appendix B. Data
	Additional Figures
	Appendix C. Additional Figures
	Additional Tables
	Appendix D. Additional Tables
	Supplementary data
	Appendix E. Supplementary data
	Supplementary data
	Appendix E. Supplementary data
	Data availability
	Appendix . Data availability
	References


