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1 Introduction

Recent political events have reshifted attention to trade policy and its effects on economic out-

come. Every announcement of a trade-policy intervention is followed by an attempt to quantify

the economic consequences of this policy change. For a meaningful quantification, economists

rely on models that formalize the trade-policy shock and on appropriate parameters to inform

these models. To date, countless studies have aimed at quantifying the effect of lowering trade

barriers in this way. Recently, many of these studies employ sophisticated theoretical models to

account for general-equilibrium responses to trade-policy changes. One important insight gained

from this work is that such responses are heterogeneous and depend on countries’ (and sectors’)

fundamentals in the outset. To that effect, most trade economists conclude that a proper as-

sessment of trade-policy changes should be conducted within a general-equilibrium framework.1

However, customary quantitative general-equilibrium models applied in this context tend to

restrict the economic model considerably in at least three important dimensions.2

First, they impose a homogeneous and log-linear direct relationship between trade-policy

variables and trade flows. Heterogeneous effects emerge purely through an equilibrium ma-

chinery that leads trade-policy variables to induce indirect changes in consumer prices as well

as in factor and producer prices.3 In plain words, this assumption implies that the marginal

first-order effect of a tariff increase is the same no matter if the product affected is currently

imported at zero tariffs or at ones of 50%. This assumption is particularly important conse-

quences when considering large-scale tariff increases as ones mentioned in the recent US-China

trade war or comparisons of economic outcomes at today’s tariffs with ones pertaining to an

autarky situation.

Several studies question the assumption of log-linearity based on at least five arguments.

First, the nexus between tariff and non-tariff barriers and trade costs is affected by mis-

declarations at customs (see, e.g., Demir and Javorcik, 2017). Fisman and Wei (2004) and

Javorcik and Narciso (2008) demonstrate that applied trade-policy barriers are often lower

than their statutory counterparts due to tax avoidance, and Sequeira (2016) shows that trade

1See e.g. recent policy reports on Brexit by Breinlich et al. (2016) or on the Transatlantic Trade and Investment
Partnership (TTIP) by Felbermayr et al. (2016).

2In a recent study Adao et al. (2017) emphasize the importance of relaxing functional form restrictions in
general-equilibrium models of trade. While they allow for a flexible functional form for preferences and technology,
the they do not consider nonparametric trade costs.

3See, e.g., the seminal work by Eaton and Kortum (2002), Anderson and van Wincoop (2003), or Arkolakis et
al. (2012). Eaton and Kortum (2002) and Henderson and Millimet (2008) implicitly and explicitly, respectively,
consider non-parametric direct effects of geography on trade costs and trade flows, but the results do not point
to any strong log-nonlinearity of the direct effects at large geographical distance. The findings of Hillberry and
Hummels (2008) suggest, however, that geography induces log-nonlinear effects over short distances between
suppliers and customers.
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elasticities that are estimated on average nominal tariffs may be severely downward biased as a

result of bribery and corruption. Second, a log-nonlinear relationship between trade-policy vari-

ables and trade costs emerges once some trade-policy measures alter prices non-proportionately

(as is the case with, e.g., specific tariffs) rather than proportionately (as is the case with ad-

valorem tariffs). This is relevant in practice, whenever specific tariffs are applied on all or some

trade lines within a sector or even a recorded product line. Third, work on the size and role of

preference margins – the extent of tariff relief among preferential trading partners – suggests

that available preferential market access is under-used. As a result, there may be a lower partial

impact of log (one-plus-)tariff rates on log trade costs due to unused preferential market access

at the low tariff spectrum due to administrative and other non-tariff aspects of tariff regimes

such as rules of origin (see Herin, 1986, Francois et al., 2006, Estevadeordal et al., 2008, Fugazza

and Nicita, 2013). Fourth, the uncertainty about expected applied tariff and non-tariff barriers

may induce log-nonlinear effects of trade policy on trade costs (see Handley and Limao, 2017,

Handley and Limao, 2015, Pierce and Schott, 2016, and Crowley et al., 2016). Such uncertainty

could be reflected in a big gap between bound and applied tariffs (the so-called water) or in a

high frequency of changes of applied tariffs or non-tariff procedures. Finally, nonlinearities in

the relationship between trade-policy instruments and effective trade costs may relate to the

incomplete but trade-cost-dependent penetration of consumer markets (see Arkolakis, 2010).4

A second leading restriction in customary quantitative trade models is their focus on tariffs

alone.5 Non-tariff barriers to trade are associated with the application of specific checking

routines at borders and the implementation of standards and procedures with an intent to

protect domestic suppliers (see Anderson, 2016). In contrast to tariffs, certain non-tariff barriers

might have trade-enhancing effects, e.g., by establishing trust in products through standards or

decreasing transaction costs (WTO, 2012). Non-tariff policy regulations have become extremely

important since the Uruguay Trade Round (see, Horn et al., 2010). Their use is less transparent

than the one of tariffs, but they have recently come to the limelight of interest in the context

of “new” protectionism since the beginning of the Economic and Financial Crisis (Bown, 2011;

Baldwin and Evenett, 2012; Bown and Crowley, 2013). In the light of the documented strategic

use of new forms of protectionism it is very unlikely to expect the marginal effect of a tariff

4Recent work suggests that log-nonlinear partial responses of trade to trade-policy variables may flow from
either a log-nonlinear dependence of trade costs on their ingredients per se or from non-constant trade elasticities
(see, e.g., Zhelobodko et al., 2012, and Mrázová et al., 2015). Theoretical work challenging the log-linearity
of trade costs with respect to trade flows mainly builds either upon non-Pareto productivity distributions in
heterogeneous firm models (compare Bas et al., 2014, Head and Mayer, 2014, Melitz and Redding, 2015) or upon
non-CES demand structures (compare Novy, 2013, Feenstra and Weinstein, 2010, Melitz and Ottaviano, 2008,
Zhelobodko et al., 2012).) In estimation, these two reasons are isomorphic to a certain extent, and we choose to
focus on the former argument.

5See, e.g., Romalis (2007) or Caliendo and Parro (2015).
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change to be independent of the level of non-tariff barriers applied to a specific product line.

A final restrictive assumption in customary quantitative trade models is their reliance on

parameters that are estimated under the assumption that trade-policy measures can be as-

sumed to be randomly assigned to countries (exogenous) rather than to be chosen by them

(endogenous).6 Randomness of trade policy is, however, clearly rejected on both theoretical

and empirical grounds. Economic theory suggests that countries choose tariffs based on their

fundamentals (see Grossman and Helpman, 1995a,b; Bond and Syropoulos, 1996; Bagwell and

Staiger, 1999, 2004). While empirical evidence is mostly available for effects of trade-agreement

membership, that work suggests that at least preference margins and non-tariff facilitations in

trade agreements should not be treated as random and doing so will lead to biased direct (and,

consequently, total) effects of trade policy on outcome (Baier and Bergstrand, 2004, 2007, 2009).

The present paper puts forward a quantitative framework and analysis of partial and total

trade-policy effects on trade costs and trade flows in a unified framework to relax the afore-

mentioned three archetypical assumptions. It builds on a customary multi-country-multi-sector

quantitative modeling set-up that is consistent with the Armington model à la Anderson and van

Wincoop (2003), the Ricardian model à la Eaton and Kortum (2002), as well as the increasing-

returns-to-scale monopolistic-competition framework with homogeneous firms à la Krugman

(1980) and versions thereof with heterogeneous firms à la Melitz (2003) and Chaney (2008).

This model structure helps decomposing trade flows exactly into their endogenous and exoge-

nous components which will be important in addressing the endogeneity of tariff and non-tariff

trade-policy barriers in a framework of non-parametric selection on observables as is motivated

by a large literature on optimal trade policy (see, e.g., Bond and Syropoulos, 1996).

Specifically, the paper proposes a multi-step approach along the following lines. First,

trade data – here, for 115 countries and 128 sectors – are decomposed in order to extract

information on exogenous producer-country-sector fundamentals. Second, powerful machine-

learning algorithms are used to model the explained part of tariff and non-tariff barriers using

these fundamentals and natural, non-policy trade-cost measures. With this information at

hand, we decompose country-pair-sector tariff and non-tariff barriers into their non-parametric

conditional mean and their non-parametric random component. Third, a flexible function of

trade costs in terms of tariff and non-tariff barriers along with the joint density of their random

components is estimated to gauge the quasi-experimental, causal relationship between the latter

6See, e.g., Eaton and Kortum (2002) or Caliendo and Parro (2015). If at all, endogeneity of trade policy
is mostly considered with the (binary) membership of countries in preferential trade agreements (see Baier and
Bergstrand, 2007, 2009). With the exception of Egger and Larch (2011), and Egger et al. (2011), related work
on endogenous trade agreements is concerned with the direct (partial) rather than the total (direct plus indirect)
effects on economic outcome.
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and the former. This relationship will turn out to be log-nonlinear. The chosen approach may

be viewed as a multivariate generalization of the dose-response-function estimation in Flores et

al. (2012). Fourth, the heterogeneous partial effects of tariff and non-tariff barriers on trade

costs are fed into a multi-country-multi-sector general-equilibrium model to compare economic

responses in comparison to a traditional set-up which assumes homogeneous partial effects. The

latter analysis will illustrate that the customary assumption of partial-response homogeneity

leads to a starkly different distribution – in particular, one with a smaller variance – of the

general-equilibrium effects of trade policy across countries and sectors relative to an approach

which considers partial-effect heterogeneity of trade-policy measures.

The present paper contributes to the existing literature in quantitative international eco-

nomics by allowing for a heterogeneous impact of both tariff- and non-tariff-barriers on trade

costs. While such heterogeneity is well-established in many micro-studies on trade policy, this

paper is the first one to estimate this heterogeneous function non-parametrically and to respect

it within the boundaries of a general-equilibrium model of trade. Furthermore, this paper con-

tributes to the growing literature on heterogeneous treatment effects and generalized propensity

scores by extending existing methods to the case of a multi-variate treatment and by allowing

for non-parametric density estimation.

We document that the customary assumption of the homogeneity of partial effects of ad-

valorem log tariff (and also non-tariff) rates on trade costs is clearly rejected by a large set of

country-pair-sector data. In particular, we find that the marginal effect of an increase in tariffs

is very strong for very low tariff barriers and medium tariff barriers, while the marginal effect

is much weaker and often close to zero for very high tariff barriers, especially, when non-tariff

barriers are high. Non-tariff barriers increase trade costs, in particular, for very low levels of

non-tariff barriers. For medium levels of non-tariff barriers, marginal effects on trade costs can

actually be trade-cost-reducing which is owed to the beneficial effects of some technical barriers

to trade.

We feed the estimated trade-policy gradients into a quantitative multi-country, multi-sector

general-equilibrium model of trade and, by way of an example, evaluate the effect of a unilateral

increase in US tariffs on Chinese imports of 10 percentage points. We document that the effects

of this particular policy change would be severely underestimated by a customary ad-valorem

approach of modeling trade costs compared to the flexible-gradient approach developed in this

paper. The average real bilateral trade-flow reduction is about 7 percentage points larger under

a flexible-gradient approach which implies a underestimation of the effect by almost 50%. For

some trade flows the differences in predicted outcomes are as large as 27 percentage points in
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absolute value.

The remainder of the paper is organized as follows. The subsequent section outlines a

generic, customary multi-country-multi-sector quantitative model of bilateral trade. Section 3

presents the identification strategy. Sections 4 and 5 summarize the data used and the results

of the empirical analysis, and the last section concludes.

2 Generic theoretical background

In customary quantitative multi-country – so-called gravity – models of international trade

aggregate bilateral trade depends on three major components: (endogenous plus exogenous)

exporter-specific factors, exporter-importer-specific trade-cost factors, and (endogenous plus

exogenous) importer-specific factors which are structurally linked to the former two compo-

nents (see Anderson and van Wincoop, 2003; Arkolakis et al., 2012; Head and Mayer, 2014;

Egger and Nigai, 2015). This relationship can be extended to the sector level, where all of

the aforementioned components vary additionally across sectors (see, e.g., Costinot et al., 2012;

Caliendo and Parro, 2015). The second, bilateral-trade-cost component is typically assumed to

be exogenous in structural empirical (and quantitative) models of bilateral trade.

This paper parts with the notion of the exogeneity of tariffs and non-tariff trade-policy

measures in models with log-linear direct trade-cost effects and permits their link to ad-valorem

trade costs to be flexible. Doing so in a structural multi-country-multi-sector approach rests on

four pillars: first, a decomposition of bilateral trade flows into the aforementioned three com-

ponents; second, a further decomposition of the country-sector-specific factors into endogenous

and exogenous fundamental components in order to determine the joint drivers of endogenous

tariff and non-tariff trade-policy variables on the one hand and of trade flows on the other hand;

third, a flexible determination of the tariff and non-tariff trade-policy variables as a function of

the distilled country-sector-specific exogenous fundamentals as well as of natural (non-policy)

trade costs to extract the random component of the trade-policy measures; and, finally, a flexible

determination of total exporter-importer-sector-specific trade costs as a function of the random-

ized tariff and non-tariff measures. The latter function then can be used in any quantitative

model to evaluate effects of trade-policy changes in general equilibrium. The purpose of the

present section is to outline a procedure to accomplish this task.

2.1 A stylized trade model

Consider a general-equilibrium model of bilateral trade in s = 1, ..., S sectors among i, j =

1, ..., J exporting and importing countries. As the general structure of the model is consistent
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with a host of approaches proposed in earlier work (see Arkolakis et al., 2012), the write-up can

be relatively generic and parsimonious.

For the sake of simplicity, let us resort to a single-factor framework on the supply side, with

Lsi denoting (simple or equipped) labor used by sector s in country i.7 Additionally, with notable

relevance only for the counterfactual equilibrium analysis but not for estimation, assume Lsi to

be immobile across sectors s and countries j. Accordingly, the cost per unit of factor usage will

be specific to both countries and sectors, W s
i . Factor-market clearing implies that the value of

sales (and production) in each country and sector, Y s
i , is spent on the respective factors used:8

Y s
i = W s

i L
s
i . (1)

Product-market clearing implies that aggregate expenditures in an economy, Ei, correspond to

factor income plus aggregate transfers, Bi.
9 The latter we will assume to be financed by tariff

revenues from all sectors, Bs
i . Accordingly, we obtain

Ei =
S∑
s=1

(Y s
i +Bs

i ). (2)

It is customary to assume that a fixed share βsi = (0, 1) with
∑S

s=1 β
s
i = 1 of all expenditures

is devoted to sector s, so that we can define sector-level expenditures as Esi = βsiEi. Use Xs
ij

and tsij ≥ 0 with tsii = 0 to denote bilateral nominal exports (from i to j) or imports (of j from

i) and the ad-valorem tariff rate charged by j on imports from i, respectively. Then, we can

specify a generic gravity equation for Xs
ij and sector-level tariff revenues in j, Bs

j , as

Xs
ij = πsijE

s
j , πsij =

AsiC
s
ij∑J

k=1A
s
kC

s
kj

, Bs
j =

S∑
s=1

J∑
i=1

tsij
1 + tsij

Xs
ij , (3)

where Asi subsumes any exporter-sector-specific determinants and Csij subsumes all the country-

pair-sector-specific trade-cost components including tariffs, (1 + tsij), and non-tariff barriers,

(1 + nsij), each expressed in ad-valorem terms. Obviously, this specification guarantees the

accounting identity of bilateral consumption shares to hold,
∑J

i=1 π
s
ij = 1. In the remainder, we

7The notion of equipped labor is used in earlier work in order to emphasize that Lsi may represent, e.g., a Cobb-
Douglas aggregate of several factors, one of them being labor. Accordingly, W s

i would then measure the cost of
the bundle of the factors involved. The fact that hourly wages and other factor costs vary across sectors within
countries and within sectors across countries is consistent with some element of sector-specificity of factors as
assumed here. Since sector-specificity rules out any reallocation of factors of production across sectors, equilibrium
changes associated with changes in trade costs should be interpreted as short- or medium-run equilibrium effects.

8This customary specification excludes, e.g., fixed market-entry costs which are borne by the importing coun-
try.

9One could easily incorporate a notion of trade imbalances along the lines of Dekle et al. (2007). We will do
so in the empirical part but suppress this argument here for the sake of simplicity.
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will broadly associate Csij with trade costs, being aware that Csij may include an (isomorphic)

Armington-type consumer-preference parameter in country j towards s-type output from i.

As indicated above, the component Asi has a wide range of interpretations (see Arkolakis

et al., 2012). However, the key requirement on it here is that it is log-additive in endogenous

(W s
i ) and exogenous determinants (F si ) of exporter potential:

Asi = F si (W s
i )αs , (4)

where F si contains all exogenous exporter-sector-specific fundamental drivers of trade. These

fundamentals can comprise supply-side factors such as factor endowments, productivity parame-

ters, and measures of comparative advantage as well as demand-side factors such as Armington-

type preference parameters.10 Accordingly, the structural interpretation of the sector-specific

elasticity αs depends on the respective fundamentals and, hence, the specifics of the structural

trade model assumed.

Armed with these definitions, we can rewrite the product-market-clearing condition as

W s
i F

s
i︸ ︷︷ ︸

Y si

=

J∑
j=1

1

1 + tsij

F si (W s
i )αsCsij∑

k F
s
k (W s

k )αsCskj︸ ︷︷ ︸
πsij

βsj

S∑
s=1

LsjW
s
j

1−
∑

s

∑
k

tskj
1+tskj

πskjβ
s
j︸ ︷︷ ︸

Esj

, (5)

which determines W s
i implicitly up to a scalar as a function of the other arguments.

2.2 Specifying the trade-cost function

Let us refer to αs, the exponent in (4), as the trade elasticity (i.e., the direct elasticity of trade

flows with respect to prices, factor costs, and ad-valorem trade costs).11 Then, after introducing

the ad-valorem trade-cost parameter Ds
ij and using the convention of denoting the log of any

variable V by its lower-case counterpart v, we may specify

Csij = (Ds
ij)

αs and csij = αs d
s
ij . (6)

10Adao et al. (2017) establish a quantitative trade model supporting non-parametric effects of preferences and
technology – both of which are ingredients of F si – on Asi and trade flows. The interest here is on a non-parametric
link between endogenous trade policy and overall trade costs on the one hand and trade flows on the other hand,
an issue which is not addressed in Adao et al. (2017). Hence, the two approaches appear complementary to each
other.

11In Armington-type, Ricardian-type, and homogeneous-firms increasing-returns-to-scale monopolistic-
competition-type models, this elasticity is key for the quantitative analysis. In heterogeneous-firms Melitz-type
models with single-parameter-Pareto-distributed firms, the subsequent analysis would have to be also informed
by the Pareto-dispersion and fixed market-entry-cost parameters. We refrain from the latter model assumption
here for the sake of parsimony (see Costinot et al., 2012; Caliendo and Parro, 2015, for the same choice in
multi-country-multi-sector trade models).
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We will assume that log ad-valorem trade costs, dsij , are an arbitrary function of a policy vector

of two endogenous elements ms
ij = (τ sij , η

s
ij) and a vector of (exogenous) remainder, natural

other trade costs usij , d
s
ij(m

s
ij , u

s
ij). The components of the policy vector refer to all tariff-policy

barriers τ sij = log(1+ tsij) and a measure of all non-tariff policy barriers ηsij = log(1+nsij), where

the latter is formulated analogously to tariff-policy barriers for convenience.

A large literature on the joint determination of trade flows and trade policy suggests that the

universe of joint candidate determinants consists of {fsi , usij , αs} for all countries i, j and sectors

s (see Bond and Syropoulos, 1996; Baier and Bergstrand, 2004; Bond et al., 2004). Hence,

all that matters for the systematic determination of trade policy are the sector-country-pair

natural trade costs, the sector-country fundamental drivers of supply potential, and the sector-

level trade elasticities. Conditional on those factors, trade policy – which might still depend on

other independent factors than the mentioned ones – is stochastically independent of or random

to trade flows. The reason is that, upon a complete decomposition of trade flows in a generic

general-equilibrium setting as considered here, there are no other systematic determinants of

those flows beyond the mentioned ones.12 Accordingly, we may specify ms
ij as a reduced-form

function of the joint determinants of trade flows and trade policy along the lines of

ms
ij = gm(fsi , f

s
j , f

s
−i,−j , u

s
ij , u

s
−i,−j , αs), (7)

where fs−i,−j is a vector containing the fundamental drivers of supply potential of all countries

other than i and j and us−i,−j is a vector containing the natural trade costs of all countries other

than i and j. By allowing the policy-determining reduced-form function gm(·) to be of a flexible

parametric or non-parametric form and to be sector-specific, one may account for differences

in behavioral responses of trade policy to fundamentals across sectors. Assuming log-additive

separability between exogenous and endogenous determinants of trade costs and trade flows,

we may specify log ad-valorem trade costs dsij as

dsij = h(ms
ij) + usijγ

s, (8)

where h(·) is a flexible parametric or non-parametric function to allow for potential heterogeneity

of the partial effect of trade costs (and trade flows) with respect to the trade-policy variables

in ms
ij as motivated in the introduction. Moreover, γs is a parameter vector on the elements in

usij .
13

12Note that all endogenous variables such as prices are fully characterized by the aforementioned exogenous
determinants.

13With regard to the latter two remarks are in order. First, most of the customary elements in usij are binary
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2.3 General-equilibrium effects of changes in specific trade-policy compo-

nents in the trade-cost function

With a specific trade-cost function in (8) at hand, the effect of any trade-policy intervention

associated with a change from benchmark-state values (ms
ij) ∀ i, j, s to counterfactual-state

values (ms′
ij) translates to a change of trade-cost values from (dsij) to (ds′ij). Following Dekle

et al. (2007) in spirit, one can obtain the general-equilibrium-consistent effect of a change in

ad-valorem trade costs by using the following dot-notation for any generic variable V̇ = V ′/V :

Ẏ s
i =

1

Y s
i

J∑
j=1

1

1 + ts′ij
πsij

(
Ẏ s
i Ḋ

s
ij

)αs
∑

k π
s
kj

(
Ẏ s
k Ḋ

s
kj

)αs︸ ︷︷ ︸
π̇sij

βsj

∑
s Ẏ

s
j Y

s
j

1−
∑

s

∑
k

ts′kj
1+ts′kj

πskjβ
s
j π̇

s
kj︸ ︷︷ ︸

Es′j

, (9)

where we used the notion that Ẏ s
i = Ẇ s

i . Equ. (9) indicates that trade flows react in a log-

nonlinear fashion to changes in the elements of ms
ij through the log-nonlinear response of Y s

i

(and W s
i ) in (9) to Ḋs

ij , irrespective of whether dsij in (8) is loglinear or not in those elements.

Note that any heterogeneity of trade-policy effects in customary structural-quantitative work

is due to changes in Y s
i and W s

i , while direct responses of trade costs (and trade flows) in

(8), i.e., the functional form of h(ms
ij) is assumed to be loglinear. Relaxing the latter is at

the forefront of this paper’s interest, and in doing so the paper does not only consider partial

response heterogeneity of trade costs and trade flows through equ. (8) but it will also reveal its

quantitative importance in general equilibrium, where these partial effects play out in responses

of Y s
i (and W s

i ) through equ. (9).

3 Econometric methodology

The generic model outlined in Section 2 suggests that log bilateral exports or imports can be

decomposed into an exporter-sector-specific component, an importer-sector-specific component,

and a bilateral trade-costs component. Using εsij to denote a disturbance term, a stochastic

version of that model in logs can be written as

xsij = asi + bsj + αs(h(ms
ij) + γ′usij︸ ︷︷ ︸
dsij

) + εsij . (10)

– e.g., indicators for common land borders, common language, common culture, common history, etc. – and
distance is the most important exception. Second, even distance is sometimes introduced through the use of
distance-quantile-specific indicator variables, but the results in Eaton and Kortum (2002) and Henderson and
Millimet (2008) suggest that distance exerts a seemingly log-linear impact on trade costs and trade flows with
cross-border trade-flow data at hand.
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However, the simultaneous determination of trade flows and trade policy by the same fun-

damentals may induce an endogeneity bias regarding the partial effect of ms
ij on dsij or xsij ,

E(εsij |ms
ij 6= 0), if the functional form of h(ms

ij) is misspecified. Since the true functions gm(·)

in (7) and h(·) in (8) are a-priori unknown, one cannot resort to standard parametric or semi-

parametric techniques in gauging the partial effect of ms
ij on bilateral trade costs, dsij , or trade

flows, xsij (see, e.g., Robinson, 1988).

Therefore, we build on the idea of conditioning on the joint country-sector and country-

pair-sector fundamentals of bilateral trade costs and trade flows, {fsi , fsj , fs−i,−j , usij , us−i,−j , αs}

through a compact metric, referred to as the generalized propensity score of the trade-policy

variables in ms
ij (see Hirano and Imbens, 2004; Imai and Van Dyk, 2004; Flores et al., 2012).

The corresponding approach proceeds in three steps. First, ms
ij is decomposed into the part

which is explained flexibly by the joint exogenous drivers of trade policy and trade flows and the

residual part which is conditionally random. Second, the joint density of the random component

in tariff and non-tariff barriers is estimated in a more or less flexible way. Third, the partial

relationship between trade costs dsij and the two trade-policy variables in ms
ij is estimated by

conditioning on the joint density of the random component of the trade-policy variables.

Let us use indexed ms
ij , unindexed m, and M to refer to actual (observed), potential, and

the set of all potential levels of the two trade-policy variables of interest. For convenience, m

can take any and M does include all possible levels of the tariff and non-tariff trade-policy

variables in the data.

For each country-pair-sector tuple {ijs}, let us define potential (unobserved) bilateral trade

costs and trade flows in logs that are associated with the potential trade-policy treatment

m ∈ M as dsij(m) and xsij(m), respectively. For identification of the causal partial effect of

tariff and non-tariff trade policy on trade costs and trade flows, we rely on two assumptions

(see Hirano and Imbens, 2004; Imai and Van Dyk, 2004):

Assumption 1 (Stable unit treatment value assumption) Conditional on the vector of

observed covariates qsij which contains all joint exogenous drivers of trade policy and trade flows,

the distribution of potential outcomes (trade costs and trade flows) for one (country-pair-sector)

unit is independent of the (potential) trade-policy treatment level of any other unit.

Assumption 2 (Weak unconfoundedness assumption) Any potential level of bilateral trade

costs and trade flows is independent of the actual trade-policy treatment conditional on the vector

of all joint determinants of trade policy, trade costs, and trade flows, qsij:

dsij(m) ⊥ ms
ij |qsij , xsij(m) ⊥ ms

ij |qsij ∀ m ∈M. (11)

11



These assumptions rely elementarily on the suitability of the vector of joint determinants

of trade policy, trade costs, and trade flows, qsij . While doing so may be difficult at times,

the generic quantitative trade model in Section 2 is invaluable here, as it illustrates that the

elements of {fsi , fsj , fs−i,−j , usij , us−i,−j , αs} together make an exhaustive set of joint determinants

of trade policy, trade costs, and trade flows.

For an empirical implementation, qsij will be composed of the following elements: the bilateral

joint determinants of ms
ij and dsij pertaining to tuple {ijs}, namely (f si , f

s
j , u

s
ij); the third-

country drivers of ms
ij and dsij pertaining to tuple {ijs} and represented by the third-country

means of the vectors fs−i,−j and us−i,−j , which we denote by (fs,A−i,−j , u
s,A
−i,−j); sector-specific fixed

effects, (ls), which account for sector-specific trade elasticities and other sector-specific shifters.

Accordingly, we obtain the specification qsij = (fsi , f
s
j , u

s
ij , f

s,A
−i,−j , u

s,A
−i,−j , l

s). In view of Section 2,

the two aforementioned assumptions should be met given this specification of qsij . Furthermore,

we will allow for importing-country-specific and exporting-country-specific fixed effects to allow

for a country-specific policy determination originating.

Akin to the tuple {ms
ij ,m,M} let us use {qsij , q,Q} to refer to actual, potential, and the set

of all possible values of each of the elements in the row vector qsij , and let rsij and r denote the

actual and hypothetical conditional (on qsij and q) densities of trade-policy treatments ms
ij and

m, respectively. Then, the hypothetical conditional density evaluated at hypothetical trade-

policy levels m conditional on the hypothetical covariates q, r(m, q) = f(m|q), has a realization

for tuple {ijs} of rsij = r(ms
ij , q

s
ij) = f(ms

ij |qsij). The two values r(m, q) and rsij may be referred

to as potential and actual generalized propensity scores, respectively. In the context of Section

2, it is important to see that csij and, upon knowledge of αs, d
s
ij can be distilled from the

structural model. Hence, what needs to be established is a causal link between trade policy ms
ij

and dsij . For the latter, it can be shown that, under the adopted assumptions (see Theorem 3.1

in Hirano and Imbens, 2004, for a proof),

E(dsij(m)|rsij = r,ms
ij = m) = E(dsij(m)|r(m, qsij) = r) = k(m, r(m, qsij)), (12)

E(dsij(m)) = E(k(m, r(m, qsij))). (13)

Hence, conditioning on the generalized propensity score under the aforementioned assumptions

removes any bias associated with the joint determination of trade-policy variables and trade

costs (and, by the structure of the model, also trade flows) and obtains a consistent estimate

of the average causal partial effect of a change in trade-policy variables on trade costs. The

function k(·) in (12) may be called a unit dose-response function, as it reflects the link between

observed trade-policy variables along with their associated joint conditional density for each

12



tuple {ijs}. Evaluated at all potential trade-policy treatment levels m of interest and averaged

across all units {ijs} in order to integrate out the possible specific influences of the covariates

qsij , this leads to the average (trade-policy-)dose-(trade-cost-)response function E(k(·)) in (13),

which relates potential levels of trade policy, m, to the corresponding levels of trade costs, d.

The derivatives of this function with respect to the two elements in m – tariff and non-tariff

trade-policy barriers – may be referred to as average (trade-policy-)treatment-effect functions.

The latter provide (causal) responses of potential trade costs d to marginal or discrete changes

in potential trade-policy treatments in m. According to (6) and (10), the corresponding partial

(or direct) trade-policy-treatment effects on log bilateral trade flows are simply the effects on

d scaled by αs. These partial effects on d and on log bilateral trade flows may be fed into

the market-clearing conditions in (9) for each sector and country to gauge the total (partial or

direct plus indirect) responses of endogenous outcomes such as bilateral trade flows in general

equilibrium. The latter take into account that the terms Asi in (3) and Y s
i are endogenous to

changes of trade costs, according to the model structure in Section 2.

4 Data

4.1 Bilateral exports

In order to obtain estimates of the log sales potential per country and sector, asi , and of log scaled

ad-valorem trade costs, csij , we collect data on bilateral imports at the 4-digit ISIC Rev. 3.1

sector level for the year 2011 from the World Bank’s World Integrated Trade Solution (WITS)

Database. Apart from data on sector-specific trade volumes, we use ones on free-on-board unit

values (i.e., the total value of exports of country i in sector s divided by the corresponding

tonnage of exports) as reported in WITS. These values are proportional to exporter-sector-level

costs of the factor bundle, W s
i , according to the structural quantitative trade models used as a

reference point in this paper.

4.2 Trade-policy variables and import-demand elasticities

Data on ad-valorem tariff and non-tariff barriers to trade are collected from the following sources.

First, data on applied tariffs, tsij , at the country-pair-sector level for the year 2006 are reported

in and taken from the Trade Analysis Information System (TRAINS) Database contained in the

World Bank’s WITS Database.14 Second, data on ad-valorem equivalents of non-tariff barriers,

14We use effectively applied tariff rates. Where data for 2006 are not available, we take the closest year with
the earlier year winning ties.
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nsij , are available from Kee and Nicita (2016). Finally, data on sector-level import-demand

elasticities, αs, are available from Kee et al. (2008).15

4.3 Trade-cost and sales-potential fundamentals

Data on a host of natural (non-policy) trade barriers – i.e., the elements of usij – are taken

from the Centre d’Études Prospectives et d’Informations Internationales’ (CEPII’s) database on

geographical and historical trade-cost variables. The corresponding variables are log(Distanceij)

(log of the geographical distance between the main economic centers of countries i and j;

continuous), Contiguityij (land adjacency between countries i and j; binary), Common official

languageij (whether countries i and j have at least one official language in common; binary),

Common ethnological languageij (whether countries i and j have at least one language in

common that is spoken by at least 20% of the population; binary), Colonyij (whether one

country in i and j was the colonizer of the other one in history; binary), Colony (1945)ij

(whether one country in i and j was the colonizer of the other one after 1945; binary), Common

colonizerij (whether the two countries i and j had the same colonizer in common at some point

in history; binary), Current colonyij (whether the two countries i and j are currently in a

colonial relationship; binary), Same countryij (whether one country in i and j formed part of

the other one in history and was or is simply a territory rather than an independent country;

binary).

In order to obtain estimates of country-sector-specific fundamentals of the model in logs,

fsi , we decompose product-level bilateral exports into the productlevel country- and country-

pair-specific components consistent with (10) along the following lines:

xsij = asi + bsj + csij . (14)

With estimates of asi at hand, we can back out ĉsij = xsij − âsi − b̂sj , where a hat indicates

estimates. We then obtain estimates of log country-pair-sector trade costs from

1

αs
ĉsij = d̂sij +

1

αs
ε̂sij , (15)

which implies E
(

1
αs ĉ

s
ij

)
= d̂sij , and of log country-sector sales fundamentals from

f̂si = âsi − αswsi , (16)

15While these data come at the 6-digit HS96 level, we aggregate them to the 4-digit ISIC Rev. 3.1 level in a way
that is consistent with their estimation methodology. See their Online Appendix for more details. Conversion
tables are taken from WITS. Note that Kee et al. (2008) estimate quantity elasticities that can be adjusted to
price elasticities by adding unity.
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where log factor costs wsi are obtained from the proportionality with log country-sector (free-

on-board) unit values and data on the latter. Using the structure in (16) is key to distill fsi as

the exogenous part in asi .

4.4 Summary statistics

Since mass points pose a challenge to the econometric methodology used in this paper, all

estimates of the treatment effects of changes in tariff and non-tariff trade-policy barriers will be

based on an estimation sample, where both tariff and non-tariff trade-policy barriers are non-

zero in the main text of the paper (except for the sensitivity analysis). Hence, the estimated

effects should be interpreted as treatment effects on the (trade-policy) treated.16

Nonetheless, it is pivotal to base our estimates of exporter fundamentals fsi and trade costs

dsij on the universe of trade flows. For this reason, there are two samples of data which will be

used: the total sample of 746,902 country-pair-sector trade flows – based on 237 exporters, 127

importers, and 136 sectors – is used for the estimation of the components of log trade flows.

The treatment sample (for non-zero trade-policy variables) is used in order to obtain estimates

of the average dose-response function E(k(m, r(m, qsij))) in (13) as well as the treatment effect

functions of log trade costs with respect to log tariff and non-tariff trade-policy variables.

The treatment sample is much smaller than the total sample for several reasons: first, data

on policy barriers, τ sij and ηsij , all covariates used to estimate the sales fundamentals in logs, fsi ,

as well as natural trade costs in logs, usij , have to be observed, which reduces the sample size

to 187,815 country-pair-sector observations; second, for every country-pair-sector-level import

flow, we need an estimate of the fundamentals for both the exporter and the importer, fsi and

fsj , the requirement of both further reduces the data-set to 181,732 observations;17 third, we

exclude two sectors, namely Manufacture of macaroni, noodles, couscous and similar farinaceous

products (ISIC Rev. 3.1: 1544) and Manufacture of rubber tyres and tubes (ISIC Rev. 3.1:

2511), since the obtained αs for these sectors are positive for the former and very close to zero

for the latter;18 finally, as mentioned above, we exclude all observations {ijs} for which anyone

of the two trade-policy variables is zero. Altogether, this leads to a treatment sample of 92,830

observations, which includes 115 exporters, 56 importers, and 128 sectors. Table 1 summarizes

the key variables entering the analysis. Tables 4-6 in the Appendix provide an overview of the

sectors and countries used in the analysis.

16This is the case in order to avoid the results to be driven by a mass point of the treatment data (e.g., at
zero). Compare Flores et al. (2012) for this suggestion and a discussion in a different context.

17Since the estimation of fundamentals is based on the exporter-sector specific effect, we obtain this value only
for those bilateral trade flows with an importing country that exports output of the respective sector to at least
one foreign country.

18The results are not sensitive to this choice, though.
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Figure 1: Results for exporter-sector log-import fixed effects and derived exporter-sales
fundamentals.

(a) Histogram of estimated exporter-sector
specific effects.

(b) Histogram of exporter-sector specific fun-
damentals calculated from exporter-specific
fixed effects, factor costs (unit values), and
sector-specific trade elasticities.

Clearly, average tariff and non-tariff barriers are higher in the treatment sample where all

zero-barrier observations have been dropped as compared to the total sample. Also, average

bilateral trade flows are higher in the treatment sample pointing to the fact that many flows

that are dropped pertain to exports to rather small countries that do not report any exports

themselves in the respective sector or where data on covariates are missing. For the remainder

of the covariates the summary statistics do not vary substantially across the two samples.

At the bottom of Table 1 we summarize two moments of the distribution of the exogenous

country-sector-specific sales fundamentals, f̂si . Figure 1 sheds further light on these fundamen-

tals, in particular, by contrasting them against estimates of the country-sector-specific fixed

effects, âsi , which contain endogenous as well as exogenous determinants of trade. The figure

illustrates that the distributions of f̂si and âsi are characterized by very different location and

dispersion parameters, and they obviously also differ in the higher data moments.

Table 2 provides some illustrative examples of the estimated country-sector fixed effects, âsi ,

and the associated derived log sales fundamentals, f̂ si . What is particularly interesting about

the table is the relative ranking of the fixed effects and the fundamentals across countries and

sectors. For instance, the estimates for Germany suggest that the country has a larger sales (or

supply) potential, âsi , than China in the Motor vehicles sector, while the opposite is true for

Structural metals. However, the latter is due to exogenous (fundamental) as well as endogenous

factors (factor costs). Net of costs – i.e., focusing on the exogenous factors in f̂si – suggests

that Germany is more productive than China in either of the two sectors. However, Germany’s

comparative advantage in terms of f̂si is more than undone by the sector-specific factor cost

differences in Structural metals but not in Motor vehicles. A similar reversal is observed, e.g.,
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Table 2: Examples of estimated country-sector sales fundamentals versus estimated
country-sector fixed effects in the data.

Sector

Structural metal Motor vehicles Structural metal Motor vehicles

Country f̂si âsi

China -22.86 6.30 5.38 5.22
Germany -20.74 11.21 3.99 7.60
Japan -23.21 10.90 0.39 7.66
United States -21.14 9.95 3.66 6.44
Mexico -27.19 6.89 -0.26 3.92
India -27.13 6.36 1.73 4.24
Brazil -25.61 5.15 -0.31 2.49

when comparing the United States with China in that table.

5 Empirical analysis

5.1 Estimating the joint conditional density of tariff and non-tariff trade-

policy barriers

In a first step, we aim at estimating the joint conditional density of ms
ij |qsij . We do so by esti-

mating gm(·) as generically introduced in (7) in terms of the elements of qsij =(f̂si ,f̂sj ,usij ,f̂
s,A
−i,−j ,

us,A−i,−j ,l
s), where ls are sector indicator variables. This determines the conditional means, gτ (qsij)

and gη(q
s
ij), and the random components of the trade-policy variables in ms

ij , ν
s
τ,ij and νsη,ij :

τ sij = gτ (qsij) + νsτ,ij , ηsij = gη(q
s
ij) + νsη,ij . (17)

While we use theoretical guidance in choosing the elements of qsij , we do not have any prior

information on the functional form of gm(·). Therefore, it is crucial to allow for a high degree

of flexibility in estimating gm(·). We achieve this by applying a powerful machine learning

approach that estimates the relationship non-parametrically using multivariate adaptive regres-

sion splines (MARS) following Friedman (1991). In order to account for any country-specific

characteristics in policy formation, we allow for fixed effects across importing countries j and

exporting countries i.

The MARS algorithm applied in this context is specified as follows. After estimating an

intercept, piecewise-linear basis functions of the covariates are added iteratively, where added

linear terms can be used as interactions with subsequently added terms. Since the first term is

an intercept, interactions of covariates with the intercept allow for linear effects of covariates.

Interactions of the covariates with themselves and with other covariates introduces powers and
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Figure 2: Model selection of gτ (·) and gη(·).

(a) Determinants of log ad-valorem tariff barriers

τsij : The optimization process selected 223 of 236

terms, and 138 of 313 predictors. The selected model

yields a Generalized Cross Validation (GCV) of 0.003,

a Residual Sum of Squares (RSS) of 301.080, a Gen-

eralized R2 (GRSq) of 0.497 and a R2 (RSq) of 0.503.

(b) Determinants of log ad-valorem non-tariff barri-

ers ηsij : The optimization process selected 189 of 218

terms, and 96 of 313 predictors. The selected model

yields a Generalized Cross Validation (GCV) of 0.016,

a Residual Sum of Squares (RSS) of 1437.698, a Gen-

eralized R2 (GRSq) of 0.378 and a R2 (RSq) of 0.385.

interaction terms and, hence, nonlinearity along the lines of a polynomial relationship. In each

iteration, only one additional term is added to the model with this term being selected according

to the maximum effect on the residual error of the model. This so-called forward passage stops

once the marginal change in R2 is below some threshold, which we choose to be 0.0001, or the

total model R2 becomes greater than another threshold, which we set at 0.999. Clearly, not

disciplining this the device would entail a risk of model over-fitting. Therefore, in a second step

– the backward passage – a subset of the previously selected terms is deleted, and the final

model is selected based on the minimization of the generalized cross-validation (GCV) score.

The basic idea of the GCV is to penalize the reduction in the residual sum of squares by adding

terms, taking into account the number of terms in the model (akin to the Akaike or adjusted-R2

criteria). After having selected the final set of terms in the model, which provide for piecewise-

linear fits, a linear regression is estimated to obtain coefficients on these terms. The model

selection of the MARS model is presented in the upper panel of Figure 2. The selected model is

able to explain 50% of the variation in τ sij and 39% of the variation in ηsij . Up to almost one-half

of the basic variables in qsij as well as the importing-country and exporting-country fixed effects

are chosen as predictors and enter the model in up to 223 terms such as interactions or powers.

While we abstain from an in-depth analysis of the reduced-form models for the two trade-

policy variables τ sij and ηsij , we want to point out some relationships between the country-sector

fundamentals f̂si , f̂sj as well as the continuous variable contained in natural trade costs usij ,

namely log(Distanceij), and the policy variables. We do so by evaluating the non-parametric

functions which had been selected based on the MARS algorithm between the first and the 99-th

percentiles of the distribution of any variable v ∈ {f̂si , f̂ sj ; log(Distanceij)} separately keeping
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Figure 3: Relationship of policy barriers and selected covariates.

τ sij across f̂si . τ sij across f̂sj . τ sij across log(Distanceij).

ηsij across f̂si . ηsij across f̂sj . ηsij across log(Distanceij).

all remaining terms at their mean value. The gradient of the obtained function τ(vpercentile, ·)

and η(vpercentile, ·) is an estimate of the marginal effect of a change in v on τ(vpercentile, ·) and

η(vpercentile, ·), respectively. Note that any representation of a function containing more than

200 terms including many interactions in a two-dimensional plot is very restrictive. Hence, the

associated results should be interpreted with caution.

Figure 3 depicts the just-mentioned relationships. In every panel we plot the gradient of a

trade-policy variable along with the 90% confidence bound (in gray shading) with respect to

either f̂si , f̂sj , or log(Distanceij). Tariffs are slightly decreasing in the exporter’s fundamentals

and increasing with distance. In comparison, the effect of the importing country’s – the policy-

setting country’s – fundamentals on tariffs is inversely u-shaped. As soon as countries have

passed a certain threshold in their comparative advantage, their tariffs decrease with the level

of fundamentals. In general, countries with a large comparative advantage and export potential

(before factor costs) in a sector should be – and apparently are – less inclined to use tariffs for

that sector than other countries. This is consistent with the notion that such countries and

sectors are exposed to less competitive pressure from abroad than other ones. The latter rela-

tionship is different when it comes to non-tariff barriers. The larger the comparative advantage

in a sector, the higher non-tariff barriers are set in a given country. This relationship could

reflect the fact that competitive countries tend to impose higher standards on their products

and switch to a more hidden form of protectionism. The non-tariff barriers set are, however,

decreasing in the fundamentals of the exporting country. Hence, countries that are very com-
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Figure 4: Bivariate histogram of νsij and its estimated distributions.

Histogram of residuals.

Normal density estimation. Non-parametric density estimation.

petitive in a sector tend to face not only lower tariffs but also lower non-tariff barriers abroad.

Finally, non-tariff barriers tend to be – on average – not systematically related to distance.

The residuals νsij = (νsτ,ij , ν
s
η,ij) of the regressions in (17) serve as estimates of the two

conditional (quasi-randomized) tariff and non-tariff trade-policy-treatment variables whose joint

density has to be estimated. The upper panel of Figure 4 illustrates a bivariate histogram of

(νsτ,ij , ν
s
η,ij). For the subsequent analysis, we estimate the joint density of the latter along two

alternative lines.

The first approach allows for a maximum degree of flexibility by estimating the unconditional

bivariate density of νsij non-parametrically, following Li and Racine (2006). There, the empirical

joint density is approximated by a kernel-density estimator. The key parameter governing the

quality of this approximation is the bandwidth. The latter entails a trade-off between fit and

smoothness of the joint density. We follow Li and Racine’s (2006) suggestion in selecting the

bandwidth by likelihood cross-validation and keep the bandwidth fixed over the data support.

We estimate the density using a sixth-order Epanechnikov kernel.

In the second, more restrictive but customary approach, we assume a bivariate normal

distribution and estimate the parameters of the distribution by maximum likelihood (see, e.g.,

Imai and Van Dyk, 2004; Hirano and Imbens, 2004; Kluve et al., 2012, for the assumption of

normal densities in the context of univariate-continuous-treatment-effects estimation).

The two estimated densities along with a histogram of the empirical distribution are pre-
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sented in Figure 4. The non-parametric distribution provides the best fit to the data, espe-

cially, in fitting the asymmetric tails of the distribution. The normal density provides, however,

a smoother estimate and seems less susceptible to outliers. Furthermore, estimation of the

normal density is computationally less costly. We will use both types of density estimates

alternatively in the following steps.

5.2 Ensuring the validity of the joint conditional density of trade-policy vari-

ables as a compact metric of covariate similarity

The estimated bivariate density by one of the aforementioned methods serves as an estimate

of the propensity of getting randomly assigned a specific tuple of tariff and non-tariff-barrier

levels for any country pair and sector. The density as a compact (propensity) score can be

obtained not only for observed but even for potential (hypothetical) trade-policy treatment

levels. However, this compact score is meaningful only, if the covariates in qsij are similar for

all units {ijs} with a similar level of the estimated joint density. Towards an assessment of the

latter, we enforce a common support and discard observations with extreme joint-density-score

values.19 Specifically, we follow Flores et al. (2012) in defining the common support and extend

their methodology to multivariate treatments.

For the present purpose, we group τ sij and ηsij into terciles each and define 3 · 3 = 9 groups

corresponding to all possible combinations of the terciles of the two trade-policy variables. We

then take the median value of the two policy treatments within each group and, conditional

on the covariates and the estimated parameters in (17), we predict the associated joint density

based on the difference between the group-specific median value of {τ sij , ηsij} and the conditional

expectations based on (17), {τ̂ sij , η̂sij}, for all observations in the same group. The joint density

of this difference is the predicted generalized propensity score (GPS) in the common-support

sample. Let us refer to this measure by CS-GPS. Using the actual policy treatment levels

rather than the median within a group, we obtain an estimate of the original GPS. Then, all

observations within group k with a GPS that is outside of the range of the distribution of

CS-GPS are discarded.20 In total, we discard 273 observations outside of the common support

identified by this procedure, leaving us with 92,557 country-pair-sector data points for the

remainder of the analysis.21

However, focusing on a common support may not be enough to ensure that for any observa-

19See Hirano and Imbens (2004); Imbens (2004); Flores et al. (2012), for doing so in econometrically related
contexts with univariate distributions.

20Note that the common-support sub-sample is generally determined under the assumption of normality for the
computation of both GPS and CS-GPS. This means that the common-support sample is the same, irrespective
of whether we compute the GPS under the assumption of normality or a non-parametric joint distribution of
{νsτ,ij , νsη,ij}. This is done to ensure that the treatment-effect estimates of tariff and non-tariff barriers are
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Figure 5: Distribution of t-statistics of equality-of-means test for all covariates.

Without accounting for the GPS.

Accounting for the GPS (normal density). Accounting for the GPS (non-parametric density).

tion with the same GPS, say r(m, qsij), the probability that the treatment for this observation

corresponds to some specific level, ms
ij = m, is independent of the observable determinants of

ms
ij , q

s
ij . We can assess this property in the spirit of Hirano and Imbens (2004) within the

common-support subsample of the data. For each covariate in qsij (including the sector-level,

exporting-country, and importing-country indicator variables) we may conduct a t-test under

the null hypothesis that the mean of the covariate is the same across the aforementioned 9

groups. Specifically, we may do such a test unconditionally versus conditionally on the GPS.

Figure 5 provides a histogram plot of the t-statistics of this equality-of-means test for all

covariates without and with conditioning on the two different GPS, respectively. Each panel

reports the density of the t-statistics as well as the boundaries of the 95% confidence region

regarding the equality of means (between two red bars). The top panel in the figure indicates

that, unconditional on the GPS, many of the covariates are significantly different among the 9

groups. Hence, using a regression approach which simply conditions on the covariates in a linear

fashion would miss out on nonlinear effects of the same covariates, whereby conditional nonlinear

effects of the trade-policy variables on trade costs and trade flows might reflect differences in

covariates which are unaccounted for rather than effects which are attributable to trade policy.

estimated from the same subsample of the data.
21We replicate our results with a substantially stricter common support definition and report the results in the

Appendix.
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Overall, only 39% (31%) of the absolute values of the t-statistics are below 2.58 (1.96), not

rejecting an equality of means at 10% (5%). Quite some of the t-statistics are even in the

double digits.

In order to account for the GPS in this analysis, we split the GPS into strata such that

there is a minimum of 50 observations per stratum and compare the means of all the covariates

across groups within these strata. Conditioning on the density of the bivariate treatments im-

proves the balancing of the covariates significantly, independent of the assumed functional form

of the GPS – bivariate normal or non-parametric – with the non-parametric density providing

a slightly better overall balancing property. The corresponding results of the conditional-means

tests are reported in the lower panel of Figure 5. This panel suggests that both the mean and

the dispersion of the t-statistics are much lower than in the upper panel, with 97% (96%) of the

t-statistics not rejecting an equality of the covariate means within strata but across groups at a

confidence level of 10% (5%) for the normal density and 98% (96%) for the non-parametric den-

sity, respectively. Tables 7-9 in the Appendix provide the t-statistics for all variables contained

in qsij without and with conditioning on the two variants of the GPS, respectively.

The relatively few covariates that remain unbalanced even after conditioning on the GPS

are mainly binary indicator variables, which take on a unitary value in one or very few groups

only. It is by design impossible to balance such covariates across all groups by conditioning on

the GPS. For instance, 25 of 27 observations pertain to sector Manufacture of veneer sheets,

which results in a t-statistic of -47.55 using the non-parametric GPS and -44.94 using the normal

GPS in the respective group. Comparing Tables 8 and 9, we see that, despite the overall better

performance of the non-parametric GPS, the GPS based on the normal density is better at

balancing the continuous covariates in group 9 which includes all high trade-policy observations

and most outliers from the upper panel of Figure 4. Hence, the smoothness of the density in

the tails seems to be important to balance those observations that lie in the tails of the residual

distribution.

We tackle the remaining lack of balancedness by conditioning on all covariates when esti-

mating the unit-level dose-response function of (12) (see Imai and Van Dyk, 2004; Blundell and

Costa Dias, 2009, for this suggestion). Controlling inter alia for the unbalanced observables

in the estimation of the dose-response function mitigates potential problems with the inconsis-

tency of trade-policy treatment effects accruing to a lack of balancing of some of the covariates.

Moreover, we provide a robustness check where we discard all those observations where the bi-

nary indicators could not be balanced and show that the results remain robust to this exclusion

relative to controlling for the unbalanced covariates in estimation.
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5.3 Estimating partial (direct) effects of trade policy on trade costs and

trade flows

In this subsection, we estimate the effect of tariff and non-tariff trade-policy variables on bilateral

trade costs, dsij , as obtained from the procedure in (14).22 The corresponding model to estimate

the so-called unit-level dose-response of derived trade costs d̂sij to the trade-policy barriers in

ms
ij reads

d̂sij = k(ms
ij , r(m

s
ij)) + controlssijθ + ξsij . (18)

As indicated in the previous section, we condition on a linear function of all covariates in this

step of the analysis through the inclusion of controlssij in (18), as suggested by Imai and Van Dyk

(2004). We then estimate the functional form of k(·) in (18) by a polynomial approximation

whose order is chosen based on the Aikake information criterion (AIC). We allow for both

policy variables, their interaction, the GPS as well as any interaction with the GPS to enter the

unit-level dose-response function up to a polynomial of order 10.

Figure 6: Distribution of the data across the 25× 25 grid.

The estimated coefficients do not have any economic meaning. However, the polynomial

model provides us with a functional form of k(·) in (18) that allows for evaluating the average

causal effect of changes in tariff and non-tariff trade-policy variables on trade costs at any

potential level of the policy variables in the outset. Hence, we can define a grid of trade-policy

levels for which we are interested in the level of trade costs and estimate the latter using the

22Let us emphasize again that the dependent variable is (log) trade costs, as backed out from the structural
gravity model, rather than trade flows.
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Figure 7: Average dose-response function of log trade costs and log trade-policy variables with
95% confidence bounds.

Average dose-response (normal density). Average dose-response (non-parametric density).

Figure 8: Average dose-response with 95% confidence bounds for different levels of trade
policy (normal density).

Low η. Medium η. High η.

Low τ . Medium τ . High τ .

functional form of (18). We do this by limiting our interest to all tariff- and non-tariff-barrier

levels in logs on a 25×25 grid of equally-sized cells in the range between m ∈ (0.001, 0.500) which

include more than 90% of the policy variable levels observed in the data. The corresponding

interval size between the 25 grid points in every dimension is 0.02. Figure 6 plots the bivariate

distribution of the trade-policy data on the such-defined grid of m = (τ, η) and shows that the

majority of the data is located at relatively low levels of policy trade barriers but that there is

variation in the tariff and as well as the non-tariff barrier dimension.

We evaluate the expected conditional dose-response function, k(m) = E
[
k
(
m, r(m, qsij)

)]
,
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Figure 9: Gradients w.r.t τ and w.r.t. η with 95% confidence bounds..

Gradient w.r.t τ (normal density). Gradient w.r.t τ (non-parametric density).

Gradient w.r.t η (normal density). Gradient w.r.t η (non-parametric density).

as an average from the size-n sample through

k̂(m) =
1

n

∑
i∈J

∑
j∈J

∑
s∈S

k̂(m, r̂(m, qsij)), (19)

where J and S denote the sets of countries and sectors in the data.

Figure 7 displays the average dose-response function (19) as well as the 95% confidence

bounds that are based on 100 bootstrap samples for the estimation based on a normally dis-

tributed GPS in the left panel and the estimation based on a non-parametrically distributed

GPS in the right panel.23 The two variants of the GPS estimation are of minor importance for

the overall shape of the dose-response function.

As expected, trade costs are generally increasing in the two trade-policy variables. The

23The bootstrap was conducted as follows. 100 bootstrap samples of the total sample (see Table 1) were drawn
ensuring that all importer-sector combinations exist in each bootstrap sample. This corresponds to importer-
sector block-bootstrapping, and all steps of the procedure are estimated for each bootstrap sample. This leads to
differently-sized bootstrap samples that are then used in the subsequent steps. This procedure accounts for the
imprecision in the measurement of estimated (derived) variables that are used in later stages, such as log sales
fundamentals, f̂si , or trade costs, d̂sij .
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Figure 10: Gradients w.r.t τ and w.r.t. η with 95% confidence bounds for different levels of
trade policy (normal density).

Low η. Medium η. High η.

Low τ . Medium τ . High τ .

effect is, however, strongly nonlinear and depends on the level of trade policy in the outset. For

a better illustration, we present three slices of the dose response function in each dimension in

Figure 8. Each slice corresponds to either low (grid points 1–5), medium (grid points 11–15),

or high (grid points 21–25) levels of tariff or non-tariff barriers, respectively. These different

panels illustrate nicely that a given change in trade policy has a very different effect depending

on where in the outset trade policy lies at the moment of evaluation and that these differences

are particularly stark when considering large-scale trade-policy changes. For instance, let us

consider a change in tariffs from 10% (τ = 0.095) to 30% (τ = 0.262): While this change in

tariffs implies a substantial increase in trade costs of around 200% if non-tariff barriers are

low, the same change has virtually no effect when non-tariff barriers are high. For non-tariff

barriers the differences are generally less pronounced and less precisely estimated. We observe,

however, that an increase of the ad-valorem equivalent of non-tariff barriers from slightly above

0% (η = 0.001) to 10% (η = 0.095) does not lead to a change in trade costs for low levels of

tariffs, but it implies an increase in trade costs of around 30% for high levels of τ .

In order to investigate the non-linearities in more detail we present the gradient of the

average dose-response function with respect to τ and η in Figure 9. As before, we show slices

of this three-dimensional graph in Figure 10. To put the gradient into context, recall that the

customary assumption in most general equilibrium models of trade is that trade policy enters

trade costs linearly in an ad-valorem fashion. Hence, ad-valorem tariffs increase trade costs

one for one. Translated to the grid defined in this exercise, a one-grid-point change in tariffs
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Figure 11: Gradients w.r.t τ and w.r.t. η with 95% confidence bounds for different levels of
trade policy – technical versus non-technical trade barriers (normal density).
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should increase log trade costs by 0.02 at any point on the grid. This is far below the maximum

gradient of 0.3 obtained in this exercise. At the same time, the gradient is effectively zero for

some parts of the grid and a substantial share of the observations lies in exactly those parts of

the grid. On the one hand, this implies that estimating trade elasticities under customary linear

assumptions might severely bias estimates. On the other hand, a gradient that lies substantially

above 0.02 might point to a role of tariffs beyond the pure ad-valorem effect. One potential

explanation for an additional role of tariffs in impacting trade costs might be through their

impact on policy uncertainty as in Handley and Limao (2015). We will further explore this

issue in the next subsection.

A change in tariff policy has a very strong positive effect on trade costs for very low levels of

tariff barriers when non-tariff barriers are medium to high. This marginal effect is substantially

smaller for very low levels of tariff and non-tariff barriers which might be explained by unused

preference margins (see Herin, 1986, Francois et al., 2006, Estevadeordal et al., 2008, Fugazza

and Nicita, 2013). The effort to comply with any requirements in order to obtain a preferential

tariff treatment might be simply too burdensome, especially, when the gains from compliance

are rather low, leading to an unused preference margin and to a less pronounced marginal

impact of tariffs on trade costs and trade flows. In contrast, there is virtually no marginal effect

of a change in tariffs when tariffs are around 10%. The marginal effect of a change in tariffs

remains zero also beyond a tariff level of 15% for high levels of non-tariff barriers. However,

the marginal effect becomes strongly positive for low and medium levels of non-tariff barriers

as we move beyond 15% and fades slowly out as we approach a level of 40%. The result that

the marginal effect of a change in tariffs fades out for high tariff levels and, in particular, the

higher non-tariff barriers are, is well in line with the literature on avoidance strategies for high

barriers to trade (see Fisman and Wei, 2004; Javorcik and Narciso, 2008; Sequeira, 2016; Demir

and Javorcik, 2017).

The pattern is rather different when considering the marginal effect with respect to non-

tariff barriers. We observe a very strong effect for low levels of non-tariff barriers, in particular,

when tariffs are high at the same time. We observe basically no or even negative marginal

effects for intermediate levels of η across all levels of tariff barriers and a strong marginal

increase in trade costs for high levels of non-tariff trade barriers when tariffs are low at the

same time. As mentioned in the introduction, in contrast to tariffs, non-tariff barriers might

entail a decrease in trade costs, in particular, in the case of non-technical measures. Since,

the data on the ad-valorem equivalents of non-tariff barriers allow for differentiating between

technical and non-technical barriers to trade, we analyze their differential effects in Figure 11.
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While the gradient of tariff-barriers is basically unchanged in the two sub-analyses, we wee that

the negative gradient in the non-tariff-barrier dimension is almost entirely driven by technical

barriers to trade as earlier work would suggest (compare WTO, 2012). Figure 11 suggests that

technical barriers to trade have a strong marginal impact on trade costs for low policy barriers,

but a negative effect for intermediate levels of technical barriers in place. We can interpret

this result as to support that, while non-tariff measures are costly on average, there exists an

intermediate level of, particularly, non-technical barriers to trade, where a higher level may

actually be trade-enhancing.

5.4 Putting the estimated trade-policy gradients in context

The main insight from the previous subsection is that the gradients of trade costs with respect

to trade-policy barriers are very heterogeneous. The purpose of this subsection is to offer some

rationales behind this feature in the light of the literature.

We start out with the role of trade-policy uncertainty. Earlier work on this matter has

demonstrated that such uncertainty is an important factor in determining the actual effect of

trade policy. For instance, the findings in Handley and Limao (2015) and Pierce and Schott

(2016) suggest that trade-policy changes contain a signal about future trade-policy uncertainty.

If trade-policy uncertainty is an important driver of the shape of the trade-cost function depicted

in the previous subsection, we would expect it to also be heterogeneous across tariff levels.

Towards assessing this rationale in the data at hand, we define three measures of tariff-policy

uncertainty.24 For either measure we use the universe of simple-average applied (as well as

the corresponding bound) tariffs at the 4-digit ISIC Rev. 3.1 level for the years 2001-2011 as

contained in TRAINS. Each of the considered measures of tariff uncertainty can be mapped

to the 25 tariff bins considered in the exercise of the previous section. We then relate the

tariff bin to each tariff-uncertainty measure unconditionally in a graphical way. The three

tariff-uncertainty measures used are the following.

First, we employ the difference between bound and applied bilateral average tariffs. For

brevity, we call this measure the tariff gap. It gives some sense of the room that countries exploit

in setting applied as opposed to bound tariffs as one measure of uncertainty that sellers in the

exporting country and customers in the importing country face, at least, if some time elapses

between an order and the delivery of products. We define this measure of tariff uncertainty

based on data for 2011.

The second and third measure of uncertainty both relate to the predictability of bilaterally

24In measuring policy uncertainty, we focus on tariffs, as uncertainty can be defined more straightforwardly for
those relative to non-tariff barriers.
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applied tariffs given the recent history. In particular, the second measure is the inverse of the

R2 from first-order-autoregressive regressions where we regress the annual applied tariff level

for any country pair and sector on its lagged value in all years between 2001 and 2011 for each

tariff cell.25 With the third measure of tariff uncertainty, we determine the share of tariffs for

each cell of the tariff gradient that experienced a rise in simple-average applied tariffs of more

than 5 percentage points between 2010 and 2011.

Figure 12 depicts the three measures of uncertainty across the level of tariffs. The upper,

middle, and bottom panels relate to the tariff gap and the two tariff-predictability measures,

respectively. The figures suggest that tariff (un-)predictability appears relatively strongly re-

lated to higher applied tariffs. In particular, the figures suggest that the different measures of

uncertainty rise substantially stronger for tariff levels beyond 10-20% which perfectly matches

the strong positive gradient with respect to τ in the very same range of tariff levels.

As indicated in the introduction, there are further potential rationales for a heterogeneous

impact of tariffs on trade costs beyond trade-policy uncertainty. We can investigate two of

them by mapping observable variables onto the country-pair-sector units behind each cell of

the tariff gradient plots. This leads to a mapping of trade-policy-gradient levels to levels of

observable variables that we suspect to be related to the gradients in the light of the literature.

First, avoidance strategies might play an important role in explaining the smaller gradients

especially for high levels of tariffs. We would assume to be higher in countries with high levels

of corruption (see Fisman and Wei, 2004; Javorcik and Narciso, 2008; Sequeira, 2016; Demir

and Javorcik, 2017). A second reason for the observed heterogeneities might lie in the non-use

of available tariff preferences at low most-favored nation tariffs (see Herin, 1986, Francois et al.,

2006, Estevadeordal et al., 2008, Fugazza and Nicita, 2013). The observable variables that are

matched onto these country-pair-sector units are a measure of lack of corruption (transparency)

and the preference margin granted in preferential trade agreements.26

In Table 3 we regress the tariff-gradient values across the grid cells on these two variables

along with a set of fixed effects. As the transparency index varies at the importer-level only, we

estimate this regression separately conditioning on exporter-sector fixed effects only. The results

in the table suggest that more transparency (less corruption) and higher potential preference

margins in trade agreements are indeed associated with a steeper trade-policy gradient on

average.

These results are aligned with and confirm bits of evidence in the literature on trade-policy

25The R2 indicates how well the current tariff level can be predicted by the past level.
26Transparency is taken from Transparency International as an inverse measure of corruption at the country-

level for 2006. The preference margin is the difference between the most-favored-nation tariff and the principally
available minimum tariff in a trade agreement. The latter measure is calculated from the TRAINS data.
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Figure 12: Different measures of tariff-policy uncertainty across levels of tariffs.

(a) Tariff gap – the difference between bound and applied
bilateral average tariffs – within bins of τ in 2011.

(b) Explanatory power (R2) of an AR(1) regression of τsij on
its lagged values within bins of τ for the years 2001-2011.

(c) Unconditional probability of a significant rise in tariffs
(more than 5 percentage points) from 2010 to 2011 depending
on the tariff level in 2010.
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Table 3: Explaining the gradient: potential explanatory factors.

Gradient w.r.t. τ

Transparencyj 0.0041∗∗∗

(76.42)

Preference marginsij 0.0454∗∗∗

(7.48)

Fixed effects Exporter-sector Exporter-sector
Importer-sector

Observations 75,767 60,641
R2 0.24 0.67

Note: We take the sample of the main analysis and merge every observation with the gradient that is closest
to its true value of η and τ . We match indices for transparency (2006) from Transparency International as an
inverse measure of corruption at the country-level and calculate the size of the preference margin in 2011 at the
exporter-importer-sector level as the difference between the effectively applied tariff and the MFN applied tariff.
The regression is weighted by the inverse of the gradient’s variance. The results are qualitatively robust to this
weighting. Robust t statistics in parentheses, ∗ (p < 0.10), ∗∗ (p < 0.05), ∗∗∗ (p < 0.01).

setting and uncertainty as well as corruption and tax avoidance and evasion. It appears reas-

suring that patterns in the data for a host of countries and sectors appear consistent with the

evidence for selected countries and products.

5.5 Quantification of total (general-equilibrium) effects of trade policy on

trade flows

A key insight of Section 2 was that even homogeneous partial effects of tariff and non-tariff

barriers on trade costs – as had been considered in earlier work – materialize in heterogeneous

responses of economic outcome such as trade flows across country pairs or real consumption

across countries in a sector. However, heterogeneous partial treatment effects of trade-policy

variables as portrayed in Figure 9 will add to and, hence, amplify the heterogeneity of total trade-

cost treatment effects in general equilibrium. This subsection is concerned with a quantification

of this amplification of total trade-policy-treatment effects using country-pair-sector-level trade

flows as the outcome of interest.

For this analysis, it is necessary to focus on a somewhat more aggregated sample of the data

used above. The reason is that a general-equilibrium analysis needs to rely on a full data-set for

all country pairs and sectors covered, while this was not necessary with the analysis of partial

trade-policy treatment effects on the treated. Therefore, we focus on a subset of 41 individual

countries and one rest of the world (ROW) for 97 sectors in the respective analysis.27

27The individual countries considered are Armenia, Austria, Azerbaijan, Belgium, Bosnia and Herzegovina, Bul-
garia, Canada, China, Croatia, Cyprus, Czech Republic, Denmark, Egypt, Estonia, Finland, France, Germany,
Greece, Hungary, India, Indonesia, Italy, Jordan, Kyrgyz Republic, Lithuania, Macedonia, Mexico, Moldova, Nor-
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To illustrate the relevance of our estimates, we will analyze the effect of a unilateral increase

of US tariffs on all Chinese imports by 10 percentage points – a policy change that was discussed

in a similar vein over the last year. In particular, we are interested in comparing the estimated

response of country-pair-sector imports based on a homogeneous gradient of trade costs with

respect to tariffs (assuming a one-for-one response of log trade costs, dsij , to a change in τ sij) and

the one corresponding to the flexible gradient as estimated above. Throughout the analysis, we

keep the trade deficit constant at its value in the outset.

In terms of the notation in Section 2 we need to define two parameters for every tuple {ijs}

given the tariff rate in the outset, tsij : the counterfactual level of tariffs, ts′ij , and the change in

overall ad-valorem trade costs associated with a change of the tariff rate from tsij to ts′ij , Ḋ
s
ij .

As we consider a (customary) constant-gradient and a flexible-gradient version of trade costs,

there is a unique set of benchmark and counterfactual tariff-rate levels tsij and ts′ij , respectively,

but there are two alternative sets of trade-cost responses, Ḋs
ij , one corresponding to the hetero-

geneous gradient estimated in the previous section, Ḋs,flex.gradient
ij , and one corresponding to

the customary approach of an ad-valorem gradient, Ḋs,ad.valorem
ij .

To obtain the flexible gradient, Ḋs,flex.gradient
ij , we match each observed tariff and non-tariff

level, tsij and nsij , to the closest point on the grid as defined in the previous section to get an

estimate of the current level of trade costs, Ds
ij . In a similar vein, we match the counterfactual

level of a 10-percentage-point increase in tariffs holding non-tariff barriers constant to obtain the

counterfactual level of trade costs, Ds′
ij . The flexible gradient is then defined as Ḋs,flex.gradient

ij =

Ds′
ij/D

s
ij . In the ad-valorem specification, trade costs increase log-linearly in trade policy. Hence,

Ḋs,ad.valorem
ij = exp(log(1 + ts′ij)/ exp(log(1 + tsij)). Note that in both specifications the relative

increase in trade costs in logs induced by a 10 percentage point increase in tariffs, Ḋs
ij , depends

on the current level of tariffs, respectively (as 10 percentage points mean a smaller or larger

effects on tariffs in percent, depending on tariffs in the outset).

Since the estimation strategy is to be interpreted as a treatment effect on the treated, we

allow for a trade-policy change only for those trade flows that currently are subject to tariffs.

Figure 13 illustrates the implied changes in trade costs for treated observations based on the

ad-valorem specification Ḋs,ad.valorem
ij and on the flexible gradient Ḋs,flex.gradient

ij , respectively.

While the ad-valorem specification by design increases trade costs homogeneously, the implied

changes in trade costs are very heterogeneous in the case of the flexible gradient. The variation

in relative changes in trade costs in the ad-valorem specification is purely driven by the level

of current trade costs which determines the relative increase implied by a 10-percentage-point

way, Poland, Portugal, Slovak Republic, Slovenia, South Korea, Sri Lanka, Sweden, Thailand, Turkey, Ukraine,
United Kingdom, and the United States.
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Figure 13: Direct change in trade costs in the non-parametric versus the ad-valorem
specification of trade costs. The experiment considered is a 10-percentage-point increase in

tariffs on Chinese imports by the US.

Figure 14: General equilibrium change in bilateral real trade flows in the non-parametric
versus the ad-valorem specification of trade costs. The experiment considered is a

10-percentage-point increase in tariffs on Chinese imports by the US.

increase (depending on tariffs in the outset, a 10-percentage-point changes means a smaller or

larger percentage increase in tariffs). In contrast, the heterogeneity in relative trade costs in

the non-parametric specification is mainly driven by the heterogeneous gradient which varies

substantially across the status-quo in non-tariff as well as tariff policy barriers Chinese imports

face in the respective sectors.

We then take these two alternative configurations of Ḋs
ij to equation (9) to solve for the

change in overall factor costs, Ẇ s
i , and compute changes in ijs-specific imports between the

benchmark and counterfactual situations. Note that, in the following exercise, we consider real

trade flows making the results independent of the numéraire choice. Figure 14 summarizes the

insights from this analysis by displaying the density of the point estimates of country-pair-sector

changes in log imports, for the two alternative (constant- and flexible-gradient) assumptions
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Figure 15: Distribution of percentage-point differences of the general equilibrium prediction of
bilateral real trade flows between the non-parametric specification and the ad-valorem
specification. The experiment considered is a 10-percentage-point increase in tariffs on

Chinese imports by the US.

about the link between trade costs and trade-policy variables. Red bars refer to the constant-

gradient (log-linear trade-cost-function) and blue bars to the flexible-gradient (non-parametric

trade-cost-function) version of trade-cost responses to trade-policy changes.

The insights from Figure 14 may be summarized as follows. First, the average response

with the non-parametric trade-cost function (0.78) is about 7 percentage points lower than that

with the log-linear trade-cost function (0.85). Second, the variance with the non-parametric

trade-cost function amounts to 0.013, while the one with the log-linear trade-cost function

amounts to 0.004. The increased variance is reflected in a substantial larger spread of the

counterfactual trade flows responses. We can conclude that the aggregate distribution of changes

in trade flows varies strongly across the log-linear and flexible specification of trade costs and the

implied effects of the proposed trade policy are severely underestimated assuming an ad-valorem

gradient. Still, the aggregate distribution might hide important additional heterogeneities. To

address the latter we will compare the difference in predictions for every specific trade-flow-

pair between the ad-valorem-gradient- and the non-parametric-gradient-based results. Figure

15 scrutinizes on the distribution of these differences. This figure suggests that the maximum

gap between the two real bilateral-trade-responses is extremely large relative to the average.

While the reduction in average real bilateral trade flows is underestimated by 7 percentage

points in the ad-valorem specification, the differences in estimated trade-flow changes between

the proposed flexible model and the parametric ad-valorem specification of trade costs can be as

large as 27 percentage points in absolute value. For a quarter of the observations, the change in

real bilateral trade flows is off by more than 10 percentage points in the ad-valorem specification

relative to the flexible counterpart.
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Figure 16: Direct change in trade costs in the non-parametric versus the ad-valorem
specification of trade costs. The experiment considered is a general 10-percentage-point

increase in tariffs.

Figure 17: General equilibrium change in bilateral real trade flows in the non-parametric
versus the ad-valorem specification of trade costs. The experiment considered is a general

10-percentage-point increase in tariffs.

The experiment of a unilateral increase in tariffs by the US towards Chinese imports reveals

that customary (ad-valorem) approaches of evaluating the policy change would severely under-

estimate the implied effects of this particular policy change. Clearly, how far the two different

specifications diverge depends on the respective status quo of trade policy which differs across

countries and sectors. To illustrate how large the divergence is on average, let us consider an

alternative experiment that implies a change in trade costs for all tariff-treated trade flows in

the data and not only Chinese imports to the US. We likewise consider an increase in tariffs of

10 percentage points.

The respective results are presented in a similar fashion as before in Figures 16-18. As

before, the effect on trade flows is downward-biased by the ad-valorem specification albeit on

average to a smaller extent than before, namely 3 percentage points. However, when comparing
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Figure 18: Distribution of percentage-point differences of the general equilibrium prediction of
bilateral real trade flows between the non-parametric specification and the ad-valorem

specification. The experiment considered is a general 10-percentage-point increase in tariffs.

the predicted change individual real bilateral trade flows instead of the aggregate distribution,

it becomes evident that the misspecification results in large deviations for a large share of

observations. For almost 20% of real bilateral trade flows the deviation amounts to more

than 10 percentage points between the flexible and the ad-valorem specification. Hence, we

can conclude that a misspecification of the effect of trade policy on trade costs leads to large

deviations in predicted effect sizes on outcome. For the average real bilateral trade flow in the

data-set underlying the general-equilibrium analysis of this section, an ad-valorem specification

underestimates the effect of trade-policy changes. Generally, it is, however, a matter of the

status-quo and the type and magnitude of policy change considered, whether the customary

parametric ad-valorem approach under- or over-estimates the economic consequences of a policy

change.

5.6 Robustness

We conducted several robustness checks of the aforementioned results. We relegate a detailed

documentation of them to the Appendix and only briefly summarize the most important insights

here. In particular, we assessed the robustness of the insights on partial-effect heterogeneity

along four lines: (i) the assumed functional form of the first stage; (ii) the role of the lack

of balancedness of some of the covariates; (iii) using sector-country fixed effects to estimate

fundamentals; and (iv) estimating the gradients with respect to tariff (τ) and non-tariff barriers

(η) independently from each other.

It turns out that strategies (i), (ii) and (iii) have little bearing for neither the qualitative

nor the quantitative analysis. Regarding exercise (iv) with an independent estimation of the
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gradients in τ and η, the following remarks are important. First of all, in this exercise we

use the overall sector-country-pair component of trade flows, csij , rather than log trade costs,

dsij = (1/αs)c
s
ij , as a function of τ or η and condition on an exhaustive set of exporter-sector

and importer-sector fixed effects instead of computing log fundamentals fsi for all countries i

and sectors s. This strategy is not preferable over the one in the main text, as we pool the data

across sectors when there are sector-specific differences in the mapping of tariff and non-tariff

barriers to trade costs as well as trade flows. However, it helps making two points. First, we

can document that the shape of the responses trade costs to neither τ nor η is generated by the

use of parameters αs from others’ work, but it is fundamental to within-sector relationships.

Second, also the conditioning on generated fundamentals based on said αs and other endogenous

price data is not the root of the documented shape of the trade-cost and trade-flow gradients

with respect to tariff and non-tariff barriers. We find that the shape of the respective gradients

appear very robust relative to the benchmark analysis, even though we are using a much larger

sample, other conditioning factors, and do not account for the heterogeneity in αs.

6 Conclusions

This paper conducts an analysis which is focused on the nature and extent of effect heterogeneity

of endogenous tariff and non-tariff policy barriers to trade on trade costs and economic outcome.

We document that the customary assumption of the homogeneity of partial effects of ad-valorem

log tariff (and also non-tariff) rates on trade costs is clearly rejected by a large set of country-

pair-sector data. In particular, we find that the marginal effect of an increase in tariffs is

very strong for very low tariff barriers and medium tariff barriers, while the marginal effect

is much weaker and often close to zero for very high tariff barriers, in particular, when non-

tariff barriers are high. Non-tariff barriers increase trade costs, especially, for very low levels of

non-tariff barriers. For medium levels of non-tariff barriers, marginal effects on trade costs can

actually be trade-cost-reducing which is driven by technical barriers to trade.

We feed the estimated trade-policy gradients into a quantitative multi-country, multi-sector

general equilibrium of trade and evaluate the effect of a unilateral increase in US tariffs on

Chinese imports of 10 percentage points. We document that the effects of this particular

policy change are severely underestimated by a customary ad-valorem approach of modeling

trade costs compared to the flexible-gradient approach developed in this paper. The average

reduction in real bilateral trade-flows is 7 percentage point larger under a flexible-trade-cost-

gradient approach compared to a log-linear-trade-cost-gradient approach, and the maximum

difference in predicted outcome between the two can be as large as 27 percentage points across
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trade-flow pairs in the conducted experiment.

These findings appear important also in view of an extant literature on sufficient statis-

tics for the welfare (or real-consumption) effects of trade openness relative to autarky. The

respective literature considers large-scale, discrete “experiments” regarding changes of all trade

costs (policy and natural) from infinitely high costs to the status quo, assuming homogeneous

partial effects of trade costs with respect to their components. The present paper suggests that

trade costs react heterogeneously with respect to observable policy components over a much

smaller data support than is typically used in the literature. This indicates that extrapolating

far beyond what is observed in the data may be very dangerous, as even changes of policy trade

barriers within modest intervals around the data-supported status quo are quite heterogeneous.
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A Appendix

A.1 Additional Tables

List of sectors:

Table 4: List of sectors.

ISIC 3.1 Description

0111 Growing of cereals and other crops n.e.c.
0112 Growing of vegetables, horticultural specialties and nursery products
0113 Growing of fruit, nuts, beverage and spice crops
0121 Farming of cattle, sheep, goats, horses, asses, mules and hinnies; dairy farming
0122 Other animal farming; production of animal products n.e.c.
0200 Forestry, logging and related service activities
0500 Fishing, operation of fish hatcheries and fish farms; service activities incidental to fishing
1010 Mining and agglomeration of hard coal
1110 Extraction of crude petroleum and natural gas
1310 Mining of iron ores
1320 Mining of non-ferrous metal ores, except uranium and thorium ores
1410 Quarrying of stone, sand and clay
1421 Mining of chemical and fertilizer minerals
1429 Other mining and quarrying n.e.c.
1511 Production, processing and preserving of meat and meat products
1512 Processing and preserving of fish and fish products
1513 Processing and preserving of fruit and vegetables
1514 Manufacture of vegetable and animal oils and fats
1520 Manufacture of dairy products
1531 Manufacture of grain mill products
1532 Manufacture of starches and starch products
1533 Manufacture of prepared animal feeds
1541 Manufacture of bakery products
1542 Manufacture of sugar
1543 Manufacture of cocoa, chocolate and sugar confectionery
1544 Manufacture of macaroni, noodles, couscous and similar farinaceous products*
1549 Manufacture of other food products n.e.c.
1551 Distilling, rectifying and blending of spirits; ethyl alcohol production from fermented materials
1552 Manufacture of wines
1554 Manufacture of soft drinks; production of mineral waters
1711 Preparation and spinning of textile fibres; weaving of textiles
1721 Manufacture of made-up textile articles, except apparel
1722 Manufacture of carpets and rugs
1723 Manufacture of cordage, rope, twine and netting
1729 Manufacture of other textiles n.e.c.
1730 Manufacture of knitted and crocheted fabrics and articles
1810 Manufacture of wearing apparel, except fur apparel
1820 Dressing and dyeing of fur; manufacture of articles of fur
1911 Tanning and dressing of leather
1912 Manufacture of luggage, handbags and the like, saddlery and harness
1920 Manufacture of footwear
2010 Sawmilling and planing of wood
2021 Manufacture of veneer sheets; manufacture of plywood, laminboard, particle board and other panels
2022 Manufacture of builders’ carpentry and joinery
2023 Manufacture of wooden containers
2029 Manufacture of other products of wood; manufacture of articles of cork, straw and plaiting materials
2101 Manufacture of pulp, paper and paperboard
2102 Manufacture of corrugated paper and paperboard and of containers of paper and paperboard
2109 Manufacture of other articles of paper and paperboard
2211 Publishing of books, brochures, musical books and other publications
2212 Publishing of newspapers, journals and periodicals
2219 Other publishing
2221 Printing
2222 Service activities related to printing
2310 Manufacture of coke oven products
2320 Manufacture of refined petroleum products
2411 Manufacture of basic chemicals, except fertilizers and nitrogen compounds
2412 Manufacture of fertilizers and nitrogen compounds
2413 Manufacture of plastics in primary forms and of synthetic rubber
2422 Manufacture of paints, varnishes and similar coatings, printing ink and mastics
2423 Manufacture of pharmaceuticals, medicinal chemicals and botanical products
2424 Manufacture of soap and detergents, cleaning and polishing preparations, perfumes and toilet prepara
2429 Manufacture of other chemical products n.e.c.
2430 Manufacture of man-made fibres
2511 Manufacture of rubber tyres and tubes; retreading and rebuilding of rubber tyres*
2519 Manufacture of other rubber products
2520 Manufacture of plastics products
2610 Manufacture of glass and glass products
2691 Manufacture of non-structural non-refractory ceramic ware
2692 Manufacture of refractory ceramic products
2693 Manufacture of structural non-refractory clay and ceramic products
2694 Manufacture of cement, lime and plaster
2695 Manufacture of articles of concrete, cement and plaster
2696 Cutting, shaping and finishing of stone
2699 Manufacture of other non-metallic mineral products n.e.c.
2710 Manufacture of basic iron and steel
2720 Manufacture of basic precious and non-ferrous metals
2811 Manufacture of structural metal products
2812 Manufacture of tanks, reservoirs and containers of metal
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Table 4 – continued from previous page

ISIC 3.1 Description

2813 Manufacture of steam generators, except central heating hot water boilers
2893 Manufacture of cutlery, hand tools and general hardware
2899 Manufacture of other fabricated metal products n.e.c.
2911 Manufacture of engines and turbines, except aircraft, vehicle and cycle engines
2912 Manufacture of pumps, compressors, taps and valves
2913 Manufacture of bearings, gears, gearing and driving elements
2914 Manufacture of ovens, furnaces and furnace burners
2915 Manufacture of lifting and handling equipment
2919 Manufacture of other general purpose machinery
2921 Manufacture of agricultural and forestry machinery
2922 Manufacture of machine-tools
2923 Manufacture of machinery for metallurgy
2924 Manufacture of machinery for mining, quarrying and construction
2925 Manufacture of machinery for food, beverage and tobacco processing
2926 Manufacture of machinery for textile, apparel and leather production
2927 Manufacture of weapons and ammunition
2929 Manufacture of other special purpose machinery
2930 Manufacture of domestic appliances n.e.c.
3000 Manufacture of office, accounting and computing machinery
3110 Manufacture of electric motors, generators and transformers
3120 Manufacture of electricity distribution and control apparatus
3130 Manufacture of insulated wire and cable
3140 Manufacture of accumulators, primary cells and primary batteries
3150 Manufacture of electric lamps and lighting equipment
3190 Manufacture of other electrical equipment n.e.c.
3210 Manufacture of electronic valves and tubes and other electronic components
3220 Manufacture of television and radio transmitters and apparatus for line telephony and line telegraph
3230 Manufacture of television and radio receivers, sound or video recording or reproducing apparatus, an
3311 Manufacture of medical and surgical equipment and orthopaedic appliances
3312 Manufacture of instruments and appliances for measuring, checking, testing, navigating and other pur
3313 Manufacture of industrial process control equipment
3320 Manufacture of optical instruments and photographic equipment
3410 Manufacture of motor vehicles
3420 Manufacture of bodies (coachwork) for motor vehicles; manufacture of trailers and semi-trailers
3430 Manufacture of parts and accessories for motor vehicles and their engines
3511 Building and repairing of ships
3512 Building and repairing of pleasure and sporting boats
3520 Manufacture of railway and tramway locomotives and rolling stock
3530 Manufacture of aircraft and spacecraft
3591 Manufacture of motorcycles
3592 Manufacture of bicycles and invalid carriages
3599 Manufacture of other transport equipment n.e.c.
3610 Manufacture of furniture
3691 Manufacture of jewellery and related articles
3692 Manufacture of musical instruments
3693 Manufacture of sports goods
3694 Manufacture of games and toys
3699 Other manufacturing n.e.c.
7421 Architectural and engineering activities and related technical consultancy
7494 Photographic activities
9211 Motion picture and video production and distribution
∗ Excluded from the main analysis.

List of importers:

Table 5: List of importers.

Country
MEX GRC SVN IRL
VEN HRV SWE KHM
ARG HUN THA LUX
AUS IDN USA LVA
AUT ITA BOL MLT
BEL JPN CHL MYS
BGR LTU CRI NER
BRA NLD CYP NGA
CAN NZL EST PAN
COL PER ETH PHL
CZE POL FIN PRT
DEU ROM GBR PRY
ECU RUS GHA SGP
FRA SVK GTM TGO
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List of exporters:

Table 6: List of exporters.

Country
ABW DZA LKA POL
ALB ECU LTU PRT
ARG EGY LUX PRY
ARM EST LVA PYF
AUS ETH MAC ROM
AUT FIN MDA RUS
AZE FRA MDG RWA
BEL GBR MDV SEN
BFA GHA MEX SGP
BGR GMB MKD SUR
BHR GRC MLT SVK
BHS GTM MOZ SVN
BIH GUY MRT SWE
BLR HKG MUS TGO
BLZ HRV MWI THA
BOL HUN MYS TUN
BRA IDN NAM TUR
BWA IND NCL TZA
CAF IRL NER UGA
CAN ISL NGA UKR
CHE ISR NIC USA
CHL ITA NLD VEN
CHN JOR NOR YEM
CIV JPN NPL ZAF
COL KAZ NZL ZMB
CRI KGZ OMN
CYP KHM PAK
CZE KNA PAN
DEU KOR PER
DOM LBN PHL
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Balancing properties:

Table 7: t-statistics for all variables contained in qsij across groups without conditioning on the
GPS.

Group 1 2 3 4 5 6 7 8 9

f̂
s,A
−i,−j -31.77 6.09 6.05 -4.51 15.13 0.98 2.23 -6.21 11.88

f̂si -28.42 11.56 12.42 -9.70 13.79 2.27 -2.65 -9.11 9.75
Contiguityij -1.01 -3.75 0.02 3.50 2.76 2.84 1.66 -1.39 -4.63
Common off. lang.ij 6.00 3.32 -2.96 1.38 -4.00 -8.99 4.62 0.68 -0.05
Common ethn. lang.ij 3.34 1.66 -5.08 1.68 -4.06 -8.97 6.84 3.49 1.10
Colonyij -1.25 0.03 -2.42 3.66 -0.63 -2.29 4.93 -0.80 -1.21
Common colonizerij -1.04 -5.83 -1.44 2.97 1.19 4.07 -0.59 1.81 -1.13
Current colonyij 0.30 -5.80 -3.09 1.66 1.66 0.98 1.66 1.66 0.98
Colonyij (after 1945) 1.63 -0.11 0.43 3.68 -0.37 1.63 1.45 -3.85 -4.49
Same countryij 1.02 0.68 -3.47 -2.61 -0.37 2.23 -1.75 1.71 2.57
log(Distanceij) 8.97 20.70 9.62 -12.82 -14.05 -17.08 -8.29 0.43 12.54

f̂sj -35.37 -8.33 -9.36 2.40 8.98 -5.39 15.93 7.94 23.06

Table 8: t-statistics for all variables contained in qsij across groups conditioning on the GPS
(normal density).

Group 1 2 3 4 5 6 7 8 9

f̂
s,A
−i,−j -1.00 0.32 0.41 -0.20 0.75 0.28 0.42 -0.42 2.62

f̂si -0.72 1.09 1.11 -0.61 0.85 0.55 0.26 -0.42 2.62
Contiguityij -0.51 -1.63 -0.41 0.08 0.02 0.09 -0.14 -0.12 -0.74
Common off. lang.ij 0.25 -0.65 -0.79 -0.47 -0.74 -0.85 -0.09 -0.68 -0.25
Common ethn. lang.ij -0.31 -0.77 -1.10 -0.20 -0.79 -0.93 0.10 -0.17 -0.18
Colonyij 0.05 -0.02 -0.20 0.33 0.03 -0.06 0.24 -0.06 -0.27
Common colonizerij -0.18 -0.78 -0.09 0.39 0.15 0.37 0.23 0.16 0.11
Current colonyij 0.12 -1.36 -0.89 0.36 0.37 0.18 0.24 0.27 0.22
Colonyij (after 1945) 0.03 -0.11 0.07 0.35 -0.08 0.14 -0.11 -0.07 -0.34
Same countryij -0.66 -0.06 -0.75 -0.74 -0.26 0.03 -0.58 0.11 0.13
log(Distanceij) 0.36 2.23 0.81 -1.08 -0.95 -1.39 0.28 0.33 2.22

f̂sj -1.09 -0.44 -0.50 0.47 0.72 -0.11 1.42 0.73 2.97

Table 9: t-statistics for all variables contained in qsij across groups conditioning on the GPS
(unconditional density).

Group 1 2 3 4 5 6 7 8 9

f̂
s,A
−i,−j -1.11 0.49 0.31 -0.22 0.91 0.43 0.78 -0.05 4.94

f̂si -0.79 1.23 1.08 -0.59 0.98 0.83 0.53 -0.16 4.85
Contiguityij -0.49 -1.24 -0.42 0.06 0.13 0.03 -0.26 -0.19 -0.65
Common off. lang.ij 0.09 -0.54 -0.65 -0.45 -0.81 -0.79 -0.18 -0.51 -0.52
Common ethn. lang.ij -0.37 -0.72 -0.96 -0.29 -0.87 -0.83 0.11 -0.18 -0.45
Colonyij -0.07 -0.08 -0.28 0.32 0.05 -0.04 0.16 -0.03 -0.25
Common colonizerij -0.08 -0.70 -0.22 0.39 0.09 0.30 0.16 -0.03 -0.25
Current colonyij 0.18 -0.97 -0.83 0.37 0.40 0.26 0.27 0.27 0.22
Colonyij (after 1945) 0.07 -0.09 0.01 0.36 -0.01 0.14 -0.13 -0.22 -0.50
Same countryij -0.76 -0.02 -0.69 -0.66 -0.23 -0.02 -0.40 0.05 0.23
log(Distanceij) 0.53 2.20 0.74 -1.10 -1.07 -1.26 0.59 0.50 1.81

f̂sj -1.23 -0.33 -0.58 0.38 0.78 0.08 1.69 1.14 5.21
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Figure 19: Relationship of policy barriers and selected covariates based on OLS regression.

τ sij across f̂si . τ sij across f̂sj . τ sij across log(Distanceij).

ηsij across f̂si . ηsij across f̂sj . ηsij across log(Distanceij).

A.2 Robustness

In this section, we assess the sensitivity of the results along three lines: the assumed functional

form of the first stage; the role of the lack of balancedness of some of the covariates; using sector-

country fixed effects to estimate fundamentals; and estimating the gradients independently from

each other.

Functional form of the first stage:

In Figure 19 we estimate the first stage regression using OLS. The depicted relationships are

very close to the ones predicted from the machine-learning algorithm in the main specification

(Figure 3). We depict the gradient function for tariff- and non-tariff trade-policy barriers in

Figure 20. The estimated gradients are virtually identical to those of the main specification. We

can conclude from this that the main insights in the paper regarding the nature and quantitative

importance of the heterogeneity of the trade-cost and trade-flow responses to tariff and non-

tariff trade-policy barriers are not driven by the assumptions about the functional form of the

first stage.

The role of covariate unbalancedness:

We saw that conditioning on the bivariate densities of tariff and non-tariff policy barriers led to

a strong reduction in the lack of balancedness (comparability) in the observables. However, such

unbalancedness was not completely removed from the data for some binary indicators pointing

to specific sectors for which comparison units do not exist. In the main text, we addressed

this problem by conditioning on all covariates in the estimation of the trade-cost dose-response

50



Figure 20: Gradients w.r.t τ and w.r.t. η with the underlying first-stage being estimated using
OLS.

Gradient w.r.t τ (normal density). Gradient w.r.t η (normal density).

function.

Here, we pursue an alternative strategy. In the first specification, we impose a stronger

common support condition. In particular, instead of creating 3 groups per treatment we create

10 groups and ensure balancing of the GPS across all these groups. The resulting sample is

considerably smaller with 67,130 observations only. In the second specification, we discard all

observations, where parameters on the importing-country-specific or exporting-country-specific

indicators obtain a t-statistic of larger than 2.58 in at least one of the 9 groups used in the

balancing test. In the third specification, we do so for all observations with unbalanced sector

indicators.

To illustrate the result we report the gradients with respect to tariff and non-tariff barriers of

the three variants in each line of Figure 21. Figure 21 shows that the qualitative result regarding

the shape of the gradients is robust to the elimination of unbalanced sectors or countries. From

this, we can draw two conclusions. First, the shape of the gradients is not driven by unbalanced

sectors or countries. Second, the shape of the gradients is relatively invariant to different sector

or country combinations used in the estimation.

Using sector-country fixed effects to estimate fundamentals:

An important assumption underlying our empirical strategy is that country-sector fundamentals

can be extracted from the fixed effects of a standard gravity equations using information on

factor costs and elasticities. In this exercise, we reestimate the gradients without relying on this

assumption. In particular, we estimate the first stage using sector-importing-country and sector-

exporting-country fixed effects instead of the calculated fundamentals. While this specification

results in larger standard errors, the overall shape of the gradients is remarkably similar to the

main specification as can be seen from Figure 22. This robustness exercise demonstrates that
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Figure 21: Gradients w.r.t τ and w.r.t. η for different subsamples.
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Figure 22: Gradients w.r.t τ and w.r.t. η with the fundamentals being estimated from fixed
effects.

Gradient w.r.t τ (normal density). Gradient w.r.t η (normal density).

the results persist even without relying on the decomposition of the gravity fixed effects.

Estimating tariff- and non-tariff-barrier gradients separately:

In all of the analysis in the main text, we focus on treatment effects of trade-policy barriers on

the treated. This means that we only conducted experiments, where both tariff and non-tariff

trade-policy barriers on cross-border imports in logs were greater than zero. More than 50% of

the observations had to be discarded due to this requirement on the much-harder-to-measure

non-tariff policy barriers alone. In order to assess to which extent the dose-response and gradient

functions are affected by this reduction in the sample size, we conduct two alternative analyses

which are based on each dimension, tariffs and non-tariff barriers, separately and keep zero

observations of the dimension that is not considered in the respective exercise.

Such an analysis is interesting, as it can use a larger set of data and employ csij (the country-

pair-sector component of log imports) rather than the trade-elasticity-scaled log trade costs, dsij ,

in the average dose-response-function estimation in the last step to make sure that our findings

are not driven by the scaling of csij . The latter would be a concern if a measurement error about

the trade elasticities αs would be the source of the shape of the trade-policy dose-response and

gradient functions. Moreover, instead of estimating the sector-country-level fundamentals, we

can simply absorb sector-country fixed effects in the first-stage, making this analysis robust to

misspecification resulting from biased estimates of trade elasticities or factor costs.

In Figure 23 we display the separate estimates of the tariff and non-tariff gradients, respec-

tively. Overall, the key qualitative results (regarding the shapes of the estimated relationships)

appear to be robust to the consideration of trade-policy treatments separately as well as to the

measurement of exporting-country fundamentals and sector-level trade elasticities.

53



Figure 23: Gradient of bilateral trade costs with respect to τ and η assuming a univariate
tariff-policy vector only.

Gradient w.r.t τ (normal density). Gradient w.r.t η (normal density).

Notes: The gradient considered here is the change of the bilateral component of the gravity equation w.r.t. trade

policy m,
∂csij
∂m

=
∂(dsij)

αs

∂m
.
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