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The network origins of the gains from trade

Abstract

In this paper, we develop a network perspective on the welfare gains from trade in today’s
internationally fragmented supply chains. Towards this end, we study a Ricardian trade model
featuring trade in final and intermediate products, and introduce a novel comparative statics
approach to decompose the total welfare effects of an arbitrary trade cost shock into several
meaningful, easily quantifiable, components. This approach uncovers a unique feature of supply
chain trade: the gains from trade are not so much determined by a country's own access to the
technologies and markets of its direct trading partners, but rather by its supply chain exposure to
countries further up- and downstream in the global supply chain. We develop a set of simple
statistics to measure each country’s supply chain exposure, show how it predicts the gains from
trade, and identify each country's key trade intermediaries, i.e., other nations that primarily
leverage its supply chain exposure.
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1 Introduction

Global supply chains are a defining feature of the modern world economy. This paper
argues that their emergence has had important implications for our understanding of the
origins of the welfare gains from trade. In particular, we show that these gains are no longer
primarily determined by a country’s own access to the technologies and markets of its direct
trade partners (its own geography and technology). Instead, they crucially depend on a
country’s precise position in the global production network, that can be captured by a set
of simple statistics closely linked to concepts from network theory.

We develop this network perspective on the gains from trade within the confines of a
standard Ricardian trade model a la Armington (1969) and Eaton and Kortum (2002) that
features trade in final and intermediate products, and that embeds a rich set of potential
production sequences between countries, ranging from a simple linear supply chain to an
arbitrary complex network with loops. We first characterize how an arbitrary trade cost
shock along any number of trade routes affects real per capita income in each and every
country. This reveals that the comparative statics predictions of the model can, in fact,
be expressed in terms of a network diffusion model that describes how the local effects
of the shock, i.e. the well-known goods supply, factor demand, and import competition
effects in the countries directly involved in the affected trade routes, diffuse to all remaining

countries. This diffusion happens through two, very different, channels:

(i) the general equilibrium multipliers that determine how the goods and factor price
changes emerging from the local effects reverberate between the goods and factor markets

in each and every country,

(ii) supply chain diffusion that defines how the local effects of a shock propagate to
countries that are only indirectly exposed to this shock through a chain of two or more

links in the global supply chain.

While both channels are an integral part of any modern general-equilibrium theory of
input-output trade, our ability to set the supply chain diffusion channels apart from the
general equilibrium multipliers is new. We show how to derive two simple statistics that
measure supply chain diffusion in a theory-consistent manner: one capturing each coun-
try’s supply chain exposure to shocks occurring in the more upstream stages of production,

and another measuring each country’s supply chain exposure to downstream shocks.! The

!These supply chain diffusion channels also play an important role in a macroeconomic literature on
the role of national input-output chains (Acemoglu et al., 2015; Baqaee, 2016). Note, however, that our
diffusion model is richer than its closed-economy precursors in that it contains the general equilibrium



remainder of the paper then highlights the role of a country’s up- and downstream expo-
sure in determining the welfare gains from trade. We do this by means of three specific
counterfactual exercises.

First, a unilateral export cost reduction along a single trade route. In a world without
traded intermediate inputs, this cost reduction would simply reduce labor demand in all
nations but the exporter, which is nothing but the second Hicksian law of comparative
statics. In a global production network, in contrast, parts of the exporter’s gains spill over
to its supply chain partners. These spillovers can in fact be very sizable, and we derive a
set of conditions on the local network structure around a trade link for which the Hicksian
law is even overturned.

Second, a uniform trade cost reduction along all trade routes worldwide. One may
expect this ‘equal opportunity’ cost reduction to lead to equally sized welfare gains in all
nations, as all countries improve their access to other markets alike. Yet, we show that
the logic only goes through in the absence of international production linkages. In their
presence, each country’s welfare gains are proportional to its supply chain exposure, with
countries operating in the downstream stages of production gaining most.

Finally, we perform what could be regarded as the flipside of the classic gains from
trade analysis. We isolate one nation after the other from the global production network
and ask by how much, and through which channels, the remaining nations are affected.
Our findings show that, next to the nations that are important because of their own value
added to the network or the size of their own markets, there is a group of countries that
primarily intermediates other nations’ demand or valued added. It is these trade partners,
the important trade intermediaries, that explain most of the cross-country variation in
network exposure.

In sum, our paper sheds new light on one of the classic questions in trade theory: where
do the gains from trade come from? We show that, in today’s global supply chains, the es-
tablished determinants of these gains, notably a country’s own ‘geography and technology’,
are superseded by concepts that are central to the theory of social and economic networks:
positive externalities, network centrality, and intermediation. It is, thus, not surprising
that our measures for supply chain exposure and trade intermediation are closely related
to measures of diffusion centrality (Bonacich, 1987; Banerjee et al., 2013), respectively
bridging capital (e.g., Ballester et al., 2006), from that literature.?

Of course, our paper is not the first to study the economics of global supply chains.

multipliers as an additional set of diffusion channels.
2See Jackson (2017) for a comprehensive survey of the social capital and network centrality measures.



Already the early theories of Ethier (1979) and Dixit and Grossman (1982) have made
clear that the associated gains from specialization have important implications for the
location of production, and for the sensitivity of incomes to changes in trade barriers or
factor costs. Our paper is less ambitious than recent extensions to this work, notably Yi
(2003), Baldwin and Venables (2013), Costinot et al. (2013), Fally and Hillberry (2015) or
Antras and de Gortari (2017), in that we do not study the building up of a supply chain
or the endogenous sorting of countries into the different production steps. What sets our
paper apart from these studies is, however, our use of a comparative statics approach that
shows exactly how the network structure of production matters for the welfare gains from
small-scale trade cost shocks, enabling us to develop some simple statistics to measure the
relevant dimensions of the network in this regard.

This aspect of our paper also makes it closely related to a recent group of network
studies in macroeconomics. Responding to the foundational works of Hulten (1978) and
Lucas (1977) who argued that, under the assumptions of an efficient and frictionless market,
the exact micro structure of production does not matter for aggregate economic outcomes,
these studies are occupied with the question of how relaxing these assumptions changes the
picture (e.g., Acemoglu et al., 2012, 2015; Baqaee, 2016; Grassi, 2017; Baqaee and Farhi,
2017).3 Tt should be clear that the Ricardian trade model studied in this paper, featuring
imperfect mobility of goods and factors across space, is a case in point. Our findings in
fact suggest that, in the presence of such frictions, the micro structure of international
production determines how the aggregate economic gains from a trade cost reduction are
distributed over the different geographical units that are part of this network.

On the methodological side, our classic comparative statics approach complements two
alternative approaches to quantify the gains from trade in general equilibrium: the ‘suf-
ficient statistics approach’ of Arkolakis et al. (2012) and the ‘exact hat algebra’ of Dekle
et al. (2008) and Costinot and Rodriguez-Clare (2014). Also our approach requires no
more than readily observable macroeconomic variables, such as gross trade flows and total
production values, as well as estimates of the model’s main elasticity parameters, to put
numbers on our counterfactual predictions. A disadvantage of our first-order effect approx-
imations might be that they are not suited for analyzing the consequences of quantitatively
large shocks, as the omitted higher-order terms can be very sizable in the presence of pro-

duction linkages.* Against this, however, also stand some clear advantages. In contrast

3See Arkolakis and Ramanarayanan (2009) for one of few applications of Hulten’s (1978) foundational
theorem in an international economics context.
4A point that is clear at least since Yi (2003) and which has been raised more recently in Baqaee and



to the ‘sufficient statistics approach’, our counterfactual predictions solely rely on observ-
able macroeconomic variables in the initial equilibrium, for any type of trade cost shock,
and not just for the special case of a country’s entire isolation. And, in contrast to the
‘exact hat algebra’, it goes without the need to numerically solve a system of non-linear
equations. The closed form expressions underlying our approach in fact allow us to cast
several of our findings into general propositions.” Even more important, they allow us
to decompose the total effect of a trade cost shock into several meaningful components,
revealing in particular the importance of the supply chain diffusion channels.5

Finally, our paper speaks to a group of studies developing measures that describe the
exact position that different countries and sectors occupy in global supply chains. In
particular, it provides a sound general equilibrium foundation for some of the measures
developed there. Notably, the downstreamness measure of Antras and Chor (2013), proves
a valid sufficient statistic for predicting the welfare effects of a global trade cost reduction
in our model. And, Hummels et al. (2001)’s measure of vertical specialization trade can be
interpreted as a meaningful statistic for the importance of a country as a trade interme-
diary. As such, our findings support the usefulness of these measures as inputs in policy
evaluations or welfare analyses.

We develop our arguments as follows: Section 2 presents our basic framework where
countries trade varieties of one final and one intermediate product only. This stylized model
provides the simplest possible way to bring our network perspective on the gains from trade
across. Section 3 sets out our comparative statics approach and introduces the concepts of
supply chain diffusion and exposure. Their importance for understanding the welfare gains
from trade is then highlighted in Sections 4-6. The formal proofs of all our statements are
delegated to Appendices A.1-A.7. Finally, Appendix A.8 confirms the generality of our
findings in a model featuring multiple sectors of production and a general input-output
structure, similar to e.g., di Giovanni et al. (2014), Caliendo and Parro (2015), Ossa (2015)
or Blaum et al. (2018).

Farhi (2017) for a closed-economy context.

5Tt also makes our approach computationally much less intensive.

6Based on the sufficient statistics approach or the equilibrium in changes, one can distinguish between
the different adjustment margins at the ports of call. This includes, for example, the distinction between
the extensive and the intensive expansion of the importer’s basket of goods, the role of firm selection or,
what is most relevant for our paper, the role of imported intermediate inputs. Yet, even the intermediate
inputs margin is too coarse for our purposes, as it lumps up the benefits that a country derives from the
improved access to its direct suppliers, which we subsume under the local effects, with the access to the
value added of producers further upstream in the global supply chains.



2 A simple model of the global production network

Consider a world economy consisting of n countries, indexed by i € N' = {1,2,...,n}, that
produce and trade two types of products: the varieties of a final product, n/ € H/, and

the varieties of an intermediate input, n* € H’.

Preferences. Consumers have CES preferences over the different varieties of the final
product. In particular, a consumer in country ¢ chooses to consume an amount qi(nf ) >0

of every n € H/ so as to

. qimf)‘*a‘l)“ 1)

where p;(n/) denotes the price of a n/-variety, w; the common wage rate in country 4, and

a > 1 the elasticity with which consumers substitute between final goods varieties.

Technologies. Producers employ labor and the different varieties of the intermediate
product, and use a two-tier CES production technology. They substitute between labor and
intermediate inputs at an elasticity § > 0, 8 # 1, and between the different intermediate
input varieties at elasticity . Thus, in order to ship qu > 0 units to a buyer in country
J, a producer of a final (intermediate) goods variety n*, t € {f, i}, employs I} > 0 units of
labor and ¢!(n") > 0 inputs of variety n' € H' so as to

min ¢ = (lﬁwi + / qf(ni)pi(ni)) (2)
niE'Hi

B-1_ 8
- (nt B—1 . e a—1 B B—1
subject to  gj; < M(Ki(lf) s +/€§(/ q;(n") “1) )

Ti j

Here, u;;(n') > 0 denotes the seller-buyer specific total productivity of labor and interme-
diate inputs, . > 0 the relative productivity of labor, and i > 0 the relative productivity
of intermediate inputs, which we also interpret as an inverse ‘coordination cost’ in the use
of (foreign) intermediate inputs. If k! = 0 then no intermediates are used in country i.
Finally, 7;; € [1, 00| measures a origin-destination-specific ‘iceberg’ trade cost parameter,
which may be prohibitively high (7;; = oo) and which satisfies the triangular inequality:
7 < TikTr; for all 4,5,k € N.



Market structure. We assume that competition is perfect in each market and that all

markets clear. For the product markets, this means that a buyer in country ¢ pays
pi(n") = min {c}; = p;7i/p(n') | j € N} (3)

for a variety n', whereby we follow Eaton and Kortum (2002) and let the identity of the
lowest-cost supplier be determined by an i.d. draw for p;;(n") from a Fréchet distribution
featuring an exporter-country j specific scale parameter and a shape parameter .7

For the labor markets, this means that total fixed labor supply, [;w;, equals total labor

demand, [¢, in each country:

JjEN

A specific feature of our model is that it unites the two key forces of the Ricardian
trade literature. On the one hand, the endogenously determined ‘length’ of the sequence
of production steps performed in a country, which is key to the vertical-specialization
branch of this literature (e.g. Dixit and Grossman, 1982; Costinot et al., 2013). In our
model, this is captured by the endogenous labor cost share \;, or ‘value added’ share, of
each country’s typical producer. Along with its complement, the value added share of the

producer’s intermediate input suppliers, 1 — \;, the labor cost share is in fact given by

DByl =P B (pi)1-B
Ai — (lﬂl) w’L and 1 _ AZ — (K’Z) (pz) (5)
" i

where p; denotes the producer price for an optimal input bundle and p! the price for a com-

posite intermediate input. Labor and intermediate inputs might, thus, be complementary

" In particular, p1;;(n') is drawn from the the Fréchet distribution
t T \1—n
P (ul0) < 1) = exp [~ ()]
j
with as parameters, on the one hand, the shape parameter v, which supersedes the elasticity of substitution
a from now on and which we assume to satisfy v > max{«,2} and v > 3, and on the other hand the
country j-specific scale parameter v; > 0. Based on this assumption, the ‘mean productivity’ of country
j’s producers, p;, follows as

where I' is the Gamma function.



(8 < 1) or substitutable (8 > 1) in our model, with perfect substitutability (5 — o0), per-
fect complementarity (f = 0), and the Cobb-Douglas case with fixed input shares (5 — 1)
as the limit cases.

On the other hand, our model features the horizontal specialization of countries into
the production of different varieties on the same step of the sequence. This central feature
of the analysis in, for example, Eaton and Kortum (2002) is captured by the endogenously
determined trade share of each country j’s products in country ’s total expenditure on
final as well as on intermediate products. Since trade costs are identical for both product

types, these shares are both given by

11—y _1-—
e — x_él — M (6)
" el (P

where ef = >\, 7, denotes i’s total expenditure on final (intermediate) products, z%; the
value of the final (intermediate) products bought from j, p; the ‘mean productivity’ of

country j’s producers as defined in footnote 7, and 1 — v the ‘trade elasticity’.

Equilibrium. Appendix A.1 proves that an equilibrium exists for our model, and it
is locally unique when the following two additional regularity conditions are met: first,
all countries should add value to the global production network: X; € (0, 1] for all i €
N. Second, the system of labor demand functions, I¢(p,w,q) i € A, should be locally
invertible around an equilibrium point.

Substantively, the first condition requires us to assume that the bilateral trade costs,
7;;, and the country-specific ‘coordination costs’, 1/k%, are sufficiently high, when labor
and intermediate inputs are substitutes (5 > 1), and sufficiently low in case they are com-
plements (5 < 1). Loosely speaking, the global production network should be sufficiently
‘sparse’ (‘dense’) to ensure that all producers employ at least some local labor. To satisfy
the second condition, we impose that the cross-price elasticities of the labor demand sys-
tem lie in the unit interval: 91¢/9(l;w;) € (0,1) for all j # i. In other words, we assume
that the interaction between different nations’ labor demands is dominated by the classic
foreign income multiplier (Samuelson, 1943) and less so by, on the one hand, the labor
demand complementarities that naturally arise in a production network and, on the other

hand, the competition for market shares in each country’s product markets.®

8The intuition behind the labor demand complementarities should be clear: a higher wage in country j
puts negative pressure on the demand for products of any country i that sources intermediate inputs from
it. Yet, as known at least since Rader (1968), any form of complementarity between the equations of a



Given a parameter constellation that meets these two conditions, the following holds:

Proposition 1. Consider our reqular Ricardian economy with traded intermediate prod-
ucts and flexible input cost shares. There is at least one strictly positive equilibrium
(p, pt, P!, w,19,q), which is locally unique (up to normalization) and which admits for

local comparative statics analysis.

3 Network diffusion and the gains from trade

So far, we have described a fairly standard Ricardian trade model that has been used
in many papers before ours to look at the welfare gains of various types of (trade cost)
shocks. In this section, we introduce our novel network perspective on these welfare gains.
We show that the model’s comparative statics predictions can, in fact, be expressed as a
network diffusion model that describes exactly how the local effects of a trade cost shock,
i.e. the well-known goods supply, factor demand, and import competition effects in the
countries directly involved in the affected trade routes, diffuse to all remaining countries.

In particular, consider an arbitrary, but small, proportional shock to any number of
elements of the trade cost matrix, T = (7;;) € R}%". In a first-order approximation, each
country’s real per capita income effects can be decomposed into a wage effect and a price
effect,

din(u;) = dln(w;) — din(p!)

which are themselves defined by the total derivative of labor market equation (4) and the
total derivative of the implicitly defined price indices p;, 15{ , and pt. Solving this system of

equations results in the following matrix expressions:

Definition 1 (diffusion model). The welfare effects of an arbitrary, but small, trade cost
shock dIn(T) = (dIn(7;;)) € R™*" are given by the following linear mapping of the shock’s

local effects 6" and 0%, as defined by the column vectors in (8), into the vectors of wages

demand system jeopardizes the very idea of analyzing it, because the conditions for uniqueness and stability
of a fixed point are violated (see also Adao et al., 2017). We additionally require that 91¢/d(l;w;) < 1 for
all j # i. The reason is that the labor demand system must also satisfy Y, o, 01¢/(l;w;) = 1. Thus, in
order for a wage increase to indeed raise domestic demand, such as expected from an income multiplier,
the cross-price elasticities of the labor demand system should not be too large.



and prices:

din(w) = @t de 5t (7)
dln(pf) = ®%°6° + ®** din(w)

with the general equilibrium multipliers @™ and ®*°t as defined in (9), and the supply

chain exposure matrices ®© and ®°°, as defined in (14), as coefficients.

A trade cost shock has, in a first instance, a direct impact on the exporters and im-
porters involved in the affected trade links. We call these the local effects of the shock and

formally define them as follows:

Definition 1 (local effects). The local price and demand effects of a trade cost shock

are given by:

6 = [T o(dIn(T))"]1

(.

~
Supplier access

s = (1—7) ([H odIn(T)] (ef +€') — I(E"+E") [IT" o (dIn(T))"]1  (8)
Mark;traccess Import ;()rrrlpetition

(. J/ S/

+ (XT+X")dIn(p) — I(E"+E) Hlen(f))>

Vv Vv
Exporter’s productivity Competitors’ productivity
+ (Xf4+XHdIn(A) — I (Ef + EY)dIn(N)
N -~ -~ 4
Exporter’s offshoring Importer’s offshoring

where o denotes the Hadamard (pointwise) product, which we give priority in the order of
operations, 1 denotes a column vector of ones, Il the full matrixz of expenditure shares, Et,
Xt and A, t € {f,i}, the diagonal matrices corresponding to the column vectors of every
country’s final (intermediate) goods expenditures, €*, outputs, x*, and labor cost shares, X,
respectively, and dIn(p) denotes the shock’s impact on producer prices, a detailed expression
for which can be found in Appendiz A.1 equation (34). Finally, ZT is our notation for the

transpose of a matrix Z.

These local effects are in fact all well-known. Any neoclassic trade theory considers
the direct impact of a trade cost shock on the exporter’'s market access into the importer
country, the importer’s supplier access to the former’s products, and the intensity of com-

petition in the importer market. We additionally subsume two further channels under the

10



local demand effects, which are only active in the presence of international production
linkages. These are the productivity channel (cf. Grossman and Rossi-Hansberg, 2008;
Rodriguez-Clare, 2010), which captures the fact that a trade cost shock alters the ex-
porter’s production costs, relative to that of its competitors, through its impact on every
country’s supplier access to intermediate products. Finally, the offshoring or production

fragmentation channel (cf. Dixit and Grossman, 1982; Costinot et al., 2013),
din(A) = (3—1)dIn(p)

which captures the labor demand consequences in the exporter and importer countries
that are due to the fact that a trade cost shock changes the relative costs of labor vis-a-vis

intermediate inputs.’

Diffusion channels. The matrices in equation system (7), in turn, define how a trade
cost shock affects every country indirectly, through a variety of diffusion channels.!® In
fact, the sole function of the matrices is to determine how the total effect of a shock is
distributed among all countries. No more and no less. This is what the following result

states:

Lemma 1. The worldwide total welfare effect of an arbitrary, but small, trade cost shock

dIn(T) is given by

Zliwidln(ui) = Z(elf +eb) &F

ieN ieN

The Lemma, which is proven in Appendix A.4, is essentially an application of Hulten
(1978)’s Theorem. It states that all we need to know from a total world-welfare perspec-
tive is by how much a trade cost shock in- or decreases the value of all imports on the
immediately affected trade routes. In other words, only the magnitude of the local supplier
access effects, 6P, matters from a world-welfare perspective. The matrices in (7) are of no

further relevance.!!

9In fact, a look at expression (34) tells us that we might subsume these two channels under the group
of supply chain diffusion channels. We abstain from doing so to simplify the exposition.

0Tn fact, the equations in (7) essentially define a diffusion model that generalizes precursors in the
macroeconomic literature on production networks (Acemoglu et al., 2015; Baqaee, 2016) and the social
network literature (Bonacich, 1987; Banerjee et al., 2013).

"The intuition is the following: the effect of a trade cost shock on wages does not matter from a world-
welfare perspective, as wages merely redistribute incomes in a Walrasian economy. Also, it follows from

11



They are, however, crucial for understanding how the total gains or losses are dis-
tributed across countries through two very different types of diffusion channels: first, we
have the general equilibrium multipliers that capture the interdependencies between the
goods and factor markets in our model. As such, they are active in any general equilibrium
framework of the world economy, regardless of whether countries share production linkages
or not. In particular, the terms of trade multiplier, ®t°*, captures the elasticity with which
the final goods prices in each country respond to factor price changes in all other nations
or, in other words, the spillovers from the labor to the goods markets. The foreign trade
multiplier, @™ on the other hand, measures the elasticity with which one country’s
wage rate responds to a labor demand shock in any other country, hereby capturing all the

international labor market spillovers in our model. Formally,

Definition 1 (general equilibrium multipliers). The terms of trade multiplier and

the foreign trade multiplier are given by

tot ( nxn
= oy CRY (9)
0ln(w)
mult __ nxn
= d1n(14) € Ry

with detailed expressions provided in Appendiz A.1 (33) and (39).

The second class of channels only emerges in a global supply chain. It is based on one
of the fundamental consequences of production fragmentation, namely that trade in value
added is ‘decoupled’ from trade in products. While a trade cost shock alters the flow of
goods between countries, the value added content embodied in these goods neither fully
belongs to the exporters nor is it fully absorbed by the importers. The consequences of
the shock are, instead, shared by all countries that contributed to the goods’ production
and by all countries that ultimately consume them.

Naturally, the importance of these supply chain diffusion channels depends on the
precise structure of the global production network, before the shock. This structure is fully
captured by two simple statistics in our model: first, the Leontief inverse matrix relating

labor demand in each nation to the final goods expenditures in every other location. This

the Envelope Theorem that the implications of the shock for the allocation of inputs is of no more than
second-order importance. What remains is the first-order effect on the costs of importing or, differently
put, 67.

12



inverse can be expressed in terms of the following infinite matrix series!?

4 = Ai[H(I—A)]hHef (10)

Second, the Ghosh (1958) inverse matrix relating every country’s final goods expenditures

to the value added shares, \;, of every other nation,'

f = Lw T i [(1I— A7) A (12)
h=0

whereby we use LW to denote the diagonal matrix (Lw;) € R}3".

A trade cost shock changes the value added flows through the supply chain. It thus
directly affects the coefficient matrices, II(I — A) and (I — A)IIT, in (10) and (12). The
full impact of the shock, however, depends on how these direct effects scale up in a non-
trivial way, as a product might traverse the same trade route multiple times while being
processed. To keep track of these effect magnifications, we extend on (and add to) a
collection of results from the network literature (Ballester et al., 2006; Temurshoev, 2010),
that allows us to express —in the spirit of comparative statics analysis— the shock’s full
effect on the Leontief and Ghosh inverse matrices in terms of the initial value of these
matrices, and the direct impact on their coefficients. Our most valuable extension tackles
the additional complication that these coefficients are endogenously dependent on the ex-
ante prices of all goods and production factors so that a shock to any cell of these matrixes

potentially triggers an adjustment in all others.'*

12T arrive at the identity, make repeated use of the expression for labor demand in (4).
13The identity follows from the elementary relationship

I-I-AOTIA=1 (11)

combined with the market clearing conditions LW = Ef and TIT1 = 1. Identity (11), in turn, stems from
the series of simple identities

A=1-1+A=1-M"1+A0"1 = [I-(T-A)I"]1

Assuming invertibility, which is needed anyway for Proposition 1, we immediately arrive at (11).

14In order to circumvent this problem, which is nothing but a violation of the requirements for the
Nonsubstitution Theorem, prior research has worked with either Leontief’s original formulation of an
input-output model (8 = v = 0) or with Long and Plosser (1983)’s Cobb-Douglas version (f = v = 1)
both of which result in a fixed coefficient matrix. It should be clear, however, that both are ill-suited in
our international economics context, since they are at odds with any of the reported estimates for the
trade elasticity.

13



For a small shock to any number of elements of an (endogenous) coefficient matrix Z,

we can verify that!®

dizh = izhdzizh (13)
h=0 h=0 h=0

A very useful implication of identity (13) is that it allows us to separate the local effects of
a trade cost shock from its network effects. In particular, we interpret the first summand
of the matrix series on the left-hand side of the local effects matrix dZ (defined in (8)),
the identity matrix I, as the coefficient on this local effect. The second and higher-order
summands, Z,Z2, ..., then define what we call a country’s supply chain exposure to this

shock. Countries are in fact exposed in two ways:

Definition 1 (supply chain exposure). Country i’s supply chain exposure to a trade

cost shock is given by the elements in row 1 of the n X n-matrices:
Upstream exposure: Z HT I- ] (14)
h=1
Downstream exposure: ~ ®9¢ — A = AZ [H(I —
h=1

whereby in the absence of production linkages: ®%¢ = ®9¢ =1.

An element ij of matrix (®9° — A) measures the extent to which country i is exposed
to a local demand shock in country j ‘further down’ in the global supply chain. Likewise,

(®%° — I) measures how country i’s prices respond to a local supply shock in country j

51dentity (13) is an immediate consequence of the derivative rule for inverse matrices. Even though (13)
is valid for any endogenous coefficient matrix, it is worth noting that the analysis becomes significantly
simpler for a uniform elasticity specification of our model (5 = 7y), as the coefficient matrices in (10) and
(12) only feature exogenous trade cost and technology parameters in this case. In a linear supply chain,
for example, with country 1 at the top and the final goods producing nation 3 at the bottom, the labor
demand function of country 1 can be written as

l? = )\1 *7'('12(1—)\2)*71'23 1—)\3 Z?ng J
= (k)77 x (g 7 (K5)7) * (Wzs )% Y (uamg; lwi(py) !
J

We will thus return to this specification at several points in the paper, since it allows us to also quantify
the effects of certain inframarginal trade cost variations.
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‘further up’ in the chain.

In sum, the presence of international production linkages adds two new diffusion chan-
nels determining how a (trade cost) shock affects every country’s welfare regardless of
whether its own trade routes are directly impacted by the shock or not. In the remain-
der of the paper, we show how the presence of these two supply chain diffusion channels
changes our understanding of the origins of the gains from trade, and study three particu-
lar counterfactual trade cost scenarios for this purpose.'® Besides deriving several general
propositions on the role of supply chain exposure, we also take our diffusion model to the

data using the following empirical approach.

3.1 Empirical implementation

Empirically quantifying the counterfactual welfare effects of any, exogenously given, trade
cost variation, d In(T), is easily done using (7). As becomes clear from the expressions for
the local effects and the different diffusion channels (see above and Appendix A.1), all we
need is data on bilateral import shares, IT, total outputs, xf + x!, national incomes, Lw,
and estimates for the model’s elasticity parameters 5 and . The only remaining missing
pieces of information can be inferred from the equilibrium identities: x{ + a2t = elf + e,
Law; = ezf, and \; = llwl/(x{ + ).

For our own illustrations, we use data from the following sources. First, the CEPII
Trade and Production Database that provides all the information we need to explore the
evolving importance of the supply chain diffusion channels over the period 1980-2006.

Second, for the more recent period 2000-2011, we combine data on bilateral trade flows

16Some additional general properties of diffusion model (7) are worth mentioning: first, while Lemma 1
has made clear that the worldwide sum of local price effects is positive for an arbitrary trade cost reduction,

the local demand effects neutralize each other. That is, it holds 176" = 0. See Appendix A.4 for proof.

Second, regarding the diffusion channels, the supply chain channels do —in the spirit of production
sharing— no more than spreading the local effects of a shock across the different countries, while keeping
the sum of effects constant. The foreign trade multiplier, on the other hand, amplifies any initial effect
differences. This can be seen from the fact that the supply chain exposure matrices (and the terms of
trade matrix) are mean preserving transformations, i.e., for

Zc {@de ; LW (®%¢ —I)[E|"! ; LW®to* [LW]—l} it holds 1TZ =17

The foreign trade multiplier, on the other hand, is mean amplifying, i.e.,
1TIW e ES T > 1

where 1 is a row vector of ones with a zero in element i*.
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from UN Comtrade, total manufacturing output from the UN Industrial Statistics, and
total manufacturing GDP from the World Development Indicators. In both data sets,
we solely focus on the manufacturing sectors defined by ISIC rev.3 categories 15-37. Data
availability leads to yearly variation in the countries included in the sample. To be included
in a particular year, a country must report its total value added, the value of its total
production, and at least one import or export flow from or to another nation.'”

As for the model’s elasticity parameters, we kept things simple and fixed v = 5 for
all our illustrations, which lies in the middle of the range of the available trade elasticity
estimates by Eaton and Kortum (2002), Romalis (2007), and Caliendo and Parro (2015).
Since no reliable point estimate is available for £, we treat it as a floating parameter and

report results using different values from the set {.001, .5, 1.001, 1.5, ..., 4.5, 5}.

4 The externalities of local trade cost shocks

Our first counterfactual exercise stresses the potential magnitude of the supply chain dif-
fusion channel. In particular, we study the simplest possible shock: a one-sided export
cost reduction.'® Naturally, this improves the exporter’s access to the importer’s market
and the importer’s access to the products of the former. Our ambition is to go beyond
these direct effects and to compare the exporter’s and importer’s gains with the size of the

network externalities on third countries.

In a world without production linkages: For comparison, consider an export cost

reduction in a world without production linkages. This is our result:

Proposition 2. Suppose only final goods are traded (ki = 0). An export cost reduction
between exporter i and importer j (a) lowers the wage in all nations relative to the exporter,
i.e., dIn(wy) < dln(w;) for k # i, and (b) lowers the average welfare of all countries but

the exporter, i.e., dIn(u;) > 0 and ﬁ Zk# lywy dIn(ug) < 0, if v is sufficiently large.

The result, which is proven in Appendix A.5, is essentially an application of the second

Hicksian law of comparative statics. Because the export cost reduction shifts country j’s

"The minimum, median and maximum number of countries included in a particular year is 64, 87,
and 93 for the CEPII data, and 85, 89, and 96 for our own collected data set. Missing countries are
predominantly small developing economies. Our sample period ends in 2011, because this is the last year
in which the UN Industrial Statistics report China’s total manufacturing production. Results for the years
2012-2015 without China are available upon request.

180ne might think of the easing of a country’s export regulations or an import tariff reduction by its
trade partner.
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demand away from the products of all other nations and towards country ¢, it puts the
labor demand in all nations but the exporter’s under pressure. Thus, wages, and typically

also real incomes, in all nations but 7 decline.'’

In a world with production linkages: Things are different in a global production
network. The reason is essentially that the exporter’s own gains partially spill over to other
nations, so that the tight connection between the exporter’s product and labor markets
is broken. In fact, nothing in our model speaks against a scenario where workers in third
countries benefit more than the exporter’s own workers. The following Proposition (proven
in Appendix A.5) sketches two such scenarios, establishing a set of sufficient conditions on
the ex-ante observable trade and input cost shares of the exporter, the importer, and the
countries in the ‘local neighborhood” around them, so that most of the demand gains spill
over to either an intermediate goods supplier of the exporter, or to the importer, or one of

its customers.

Proposition 3. Consider an export cost reduction between exporter v and importer j in a
global production network:

(i) Suppose that exporter i is an ‘intermediary’ and a major supplier of j (N\; is suffi-
ciently small and m;; is sufficiently large), country k is an upstream supplier of i (g > 0),
and importer j is a ‘conventional’ open economy (A; is sufficiently large). Then, the ex-
port cost reduction increases the wage of supplier k by more than of exporter i, dln(wy) >
dIn(w;).

(ii) Suppose that exporter i is a magjor supplier to the world (my is sufficiently large for
all 1 € N) and importer j is an ‘intermediary’ to downstream country k (\; and Ny, are
sufficiently small, and for all 1 € Nj U Ne\{j, k} = {N\{4,k} |mj > 0 ormy > 0} it is N
sufficiently large). Then, the export cost reduction increases the wage of either country j
or k by more than of exporter i, dln(w;) > dIn(w;) for at least one | € {j, k}.

Moreover, in either case (i) or (ii), the export cost reduction increases the average
welfare of all nations but the exporter, - >z hwrdIn(wg) > 0 and dln(u;) < 0.

The first scenario involves an exporter that —due to its small value added share in

19That real incomes decline on average in countries k # i, despite the improved supplier access of
country j’s consumers, is due to the magnifying effect of the foreign trade multiplier: the export cost
reduction lowers the demand for products from any k # ¢ by at least the import competition effect
(55: = —(y—1)mg;mi; e;-c. The sum of the labor income losses in k € N'\{i}, thus, unambiguously overshoots
the direct benefits to consumers in j, 6;7 e;-c = wije]f , if the trade diverting effect is sufficiently strong, i.e.,
if 7 is sufficiently large, in particular v > (2 — m;;) /(1 — m;;).
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production— primarily passes the additional demand created by the export cost reduction
on to one of its upstream suppliers. The second scenario instead, involves an importer, or
one of its downstream customers, that takes advantage of the additional (indirect) inflow
of intermediate products from the exporter to improve its productivity in all its sales
markets. And, as these productivity gains scale up in the country’s domestic supply chain,
it can even capture market shares of the exporter. In either scenario, the exporter should
ideally be a major supplier of the importer, so that no single other country is severely
hurt by the intensified competition in the importer market. Thus, downstream exposure
is the important diffusion channel generating the positive externality in the first scenario,
whereas it is upstream exposure in the latter.

The precise conditions on the observable trade shares and input cost shares required
for Proposition 3 can be found in Appendix A.5. Underneath them, we essentially impose
some deeper restrictions on the trade cost and factor productivity parameters of our model.
This is particularly clear in a Cobb-Douglas specification for our model (8 = 1), where \;,
Aj, and Ay become exogenous parameters. Another tight characterization for the conditions
leading to sizable supply chain spillovers is provided in the following example. The example,
moreover, shows that the positive labor market spillovers might even reach countries more

than two steps up- or down the supply chain from the directly affected nations:

Example 1 (linear supply chain). Consider an archetypical linear supply chain: a
product is assembled in n sequential production steps. Country 1 is at the top of the chain
and country n > 1 at the bottom, so that each 1 < ¢ < n adds w;l; to the value of the
product before country n sells the final output to all j € N.

The welfare effects of an export cost reduction between countries i and i +1, 1 <17 < n,

in the middle of the chain are give by

din(w,) 0 for j <1
n(w;) =
! (1-5)/8 otherwise
E 6;;4_1 . .
I = 4 7+ oam fori<i
’ ;;: otherwise

where e, = Z;Zl w;lj and x, = 77 wyl; (see Appendix A.5 for the derivation). The
cost reduction, thus, affects all countries upstream to the exporter and all countries down-
stream to the importer alike (if § # 1). In particular, when 8 > 1, the cost reduction

shifts the demand for value added from the downstream to the upstream stages of produc-
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tion, such that all countries upstream to the exporter gain as much as the exporter itself
(which is treated as the reference country here, i.e., dIn(w;) = 0). When 5 < 1, on the
other hand, nominal wages and real incomes increase relatively more in the downstream

countries j > .2

Quantitative predictions: To verify that such ‘positive spillover links’ —trade routes
where an export cost reduction results in at least one positive labor demand or welfare
externality that even exceeds the exporter’s own gains— are not just a mere theoretical
possibility, we explored their presence in the data. Towards this end, we imposed a 1%
unilateral export cost reduction on each active trade route (m;; > 0) in our two datasets.

We find a surprisingly large number of such links: across all years and different (-
specifications used, roughly a half (a quarter) of all active trade routes qualify as a positive
welfare (wage) spillover link.?! Even when leaving any positive welfare (wage) externality
on the directly affected importer aside, the share of active trade routes associated with a
positive third-country externality on a supplier located further upstream from the exporter
or a buyer further downstream from the importer still amounts to 11% (5%).

Table 1 focuses on these third-country externalities. It reports, for both the first (1980-
1995) and second (1996-2011) half of our sample period, the seven countries that are most
often found on the exporter side of these positive spillover links, together with the share of
their active trade links that qualify as a positive welfare (wage) spillover link (in columns
1 and 3), the average percentage of third countries experiencing a positive welfare (wage)
externality due to a trade cost reduction on those links (in columns 2 and 4).

Not surprisingly, the typical exporter involved in a positive spillover link is —just
as required for Proposition 3— a large open economy. In the earlier 1980-1995 period,
these are primarily the large industrialized economies: Japan, the US, the larger European
economies, and Canada. In the later 1996-2011 period, other countries start to appear,
whereby China and several other of the larger emerging economies stand out (South Korea,

Brazil, Indonesia, Russia).?? On the importer’s side, instead, we typically find countries

20Costinot et al. (2013) analyze a linear supply chain where producers employ a Leontief technology (8 =
0) at each step. Our export cost reduction is closest to what the authors call the effects of ‘routinization’.
Similar to their main finding, an export cost reduction affects countries very differently at the bottom and
the top of the chain. What our analysis adds to their findings is that the sign of these externalities also
crucially depends on the elasticity of input substitution, 3.

21The share of trade routes with a sizable real income externality exceeds that with a sizable labor
demand externality by a factor two, simply because the former contains the obvious cases where only the
importer benefits from the better access to the exporter’s products.

22The prime reason is that China, and other emerging economies, have turned into the preferred trading
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Table 1: Positive spillover links: third-country externalities

WELFARE WAGES
% positive % 3rd countries % positive % 3rd countries % upstream
Countries spillover links affected spillover links affected spillovers
&) (2 (3) ) (5)
1980 - 2011
All 10.7 134 4.7 15.8 50.1
1980 - 1995
All 9.6 16.2 2.9 26.7 54.4
Top 7 - exporters (total # positive wage spillover links)
Japan 99.9 70.3 97.4 51.3 68.6
uUs 97.7 24.8 53.0 7.8 40.9
Germany 93.2 13.9 32.7 6.7 31.0
France 59.1 3.3 8.1 1.9 47.0
UK 54.4 2.7 6.7 1.6 54.0
Canada 47.1 2.1 4.4 1.3 66.8
Ttaly 39.5 2.3 4.1 1.7 44.7
1996 - 2011
All 11.5 11.6 6.0 11.8 49.2

Top 7 - exporters (total # positive wage spillover links)

China 95.3 29.7 75.4 25.3 46.3
Japan 98.9 40.4 78.8 23.1 46.1
US 93.2 11.3 41.2 6.0 39.8
Germany 66.9 6.7 29.1 6.7 31.6
France 45.5 3.9 16.1 4.4 49.1
South Korea 47.8 5.4 12.4 7.1 44.0
Ttaly 40.6 4.9 11.7 5.9 36.7

NoTEs: The total number of trade links (7;; > 0) in the years covered by our two data sets is 283,780 of
which 235,655 are active (m;; > 0). The numbers reported in columns 1 and 3 are averages across all active
links, and across all 11 different values used for g € {.001, .5, 1.001, 1.5, ..., 4.5, 5}. The numbers reported
in columns 2, 4 and 5 are averages across all active links generating a positive welfare (column 2) or wage
externality (columns 4 and 5) in at least one third country, and across all 11 different values used for 8. In
column 5, we classify a wage externality as primarily driven by the upstream (downstream) diffusion channel
when the combined market access and competition effect on the third country’s labor demand, relative to
that in the exporter, is larger (smaller) than the combined productivity and offshoring effect, relative to that
in the exporter — see (8).

that are either themselves relatively unimportant as a trading partner for other nations or,
less often, trade primarily with other, relatively unimportant, nations.

Figure 1 provides a more detailed picture of the externalities generated by an export
cost reduction on one such link. It shows the 20 largest positive up- and downstream wage
externalities resulting from a counterfactual 1% export cost reduction on the China-US
link in 2011. Notably, the predicted wage gains for China (normalized to zero) as well as

the predicted losses to the US (due to the more intense competition with Chinese imports)

partners for many smaller developing countries that often trade little with other nations.
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Figure 1: The wage externalities of a China-US trade cost reduction
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NoTEs: The figure illustrates the importance of the up- and downstream channel in determining the
wage externalities of a 1% trade cost reduction on all Chinese exports into the US, when using the
latest year in our data (2011) and setting 8 = 5. All predictions are relative to China’s predicted
wage effect, which is normalized to zero. In total, wages in 65 countries go up more than China’s, with
half of these countries primarily benefiting as intermediate input suppliers to China. The other half
primarily gains as buyers of US intermediate products, benefiting from the US’ improved access to
Chinese supplies. Arrows pointing towards China depict the 20 largest ‘upstream wage externalities’,
and arrows pointing away from the US depict the 20 largest ‘downstream wage externalities’ instead.
See the notes to Table 1 for how we define a wage externality as being primarily driven by a country’s
up- or downstream exposure.

are both smaller than the wage gains in no less than 65 other countries, whereby —as is the
case more generally (see column 5 of Table 1)— the up- and downstream diffusion channels
(depicted by the arrows pointing towards China and away from the US respectively) tend
to be equally important. Also, many of the third countries experiencing the largest wage
gains are typically —as already suggested by Proposition 3— smaller countries that are

not significantly hurt by the intensified import competition in the US.

4.1 The externalities of multiple trade cost shocks

The previous arguments can be easily extended to quantify the externalities of a bilateral, or
even a multilateral, trade cost reduction. The reason is that, in a first-order approximation,
the total effect of a shock to multiple cells of the trade cost matrix is simply the sum of
effects of each constituent cell-specific shock.

Even more can be said, however, in the uniform elasticity specification of our model (5 =
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7v), where we can also look at an inframarginal trade cost shock and the interaction between
the constituent shocks on different trade routes.?> A particularly interesting question here
is whether one trade cost reduction stirs or rather stifles the incremental gains from another
cost reduction (see, e.g., Aghion et al., 2007). Our results are the following: as long as no
intermediate products are traded along the directly affected trade routes, the predictions of
Proposition 2 are a viable approximation. In the presence of traded intermediate products,

things are again very different and the following applies:

Proposition 4. Consider trade in a global production network, and suppose a uniform-
elasticity specification for our model (8 = ~). The gains from an inframarginal export
cost reduction between exporter k and importer j are increasing in the presence of another

‘positive spillover’ cost reduction between another country i and j. That is,
dijrij ln(wk) > dkj ln(wk) -+ dij ln(wk)

if A\x is sufficiently large and the cost reduction along ij satisfies the requirements of Propo-
sition 8 Part (i).

The result (proven in Appendix A.5) provides another theoretical foundation for the so
called ‘building bloc” hypothesis (e.g., Bhagwati, 1993; Baldwin, 1995): in the presence of
production linkages, the incremental gains from two export cost reductions (to the same
importer) are greater than the sum of the gains of each cost reduction individually. The
logic behind this lies in the supermodularity of the Leontief and Ghosh inverses in (10) and
(12) with regard to multiple sizable shocks to their coefficient matrices. Intuitively, as any
single trade cost reduction facilitates the flow of intermediate products through the supply
chain, it leverages every country’s supply chain exposure and, thus, its incremental gains
from a cost reduction of its own. And, although the conditions in Proposition 4 are rather
restrictive, the logic can be easily extended to a group of two or more arbitrary country
pairs. As long as an export cost reduction between any one of the countries involved in the
group yields a positive first-order externality (on another country k), every actual trade

cost reduction between them becomes a building bloc.?*

2When 3 = 7, all elements of the inverse matrices in (10) and (12) only feature exogenous trade cost
and technology parameters (see also footnote 14), allowing us to also consider inframarginal shocks to
one, or more, of these elements. Note, however, that we still need to make the implicit assumption that
the shock is small enough for our first-order approximations of the resulting wage and price effects to be
viable.

24 Against the backdrop of Ornelas (2005) or Aghion et al. (2007), this is rather surprising. In their

22



5 The gains from a global trade cost shock

In the previous section, we saw that a local trade cost shock can, in the presence of cross-
border production linkages, trigger a sizable welfare externality in a country that is only
indirectly exposed to this shock. Here, we show that these network externalities are even
all that matters for understanding the welfare effects of a global trade cost shock.

In particular, we look at a proportional trade cost decline along all trade routes, such as
triggered for example by a global innovation in transportation or communication technolo-
gies. Intuitively, one might expect this cost reduction to improve the economic prospects
of all countries alike. As each country scales up on its initial access to (foreign) suppliers
and markets, it is tempting to conclude that also the welfare gains are proportional to the
initial level of income in each nation. Yet, it turns out that this logic only holds true in

the absence of production linkages.

In a world without production linkages: The following result, which is proven in
Appendix A.6, extends on the logic of Lemma 1 and establishes the irrelevance of all the
diffusion channels in (7) in determining each and every country’s welfare response to such

a global trade cost reduction.

Proposition 5. In the absence of production linkages (ki = 0 for alli € N), the per capita
imcome gains from a global trade cost reduction dT = —xT are proportional to the initial

level of welfare in each nation, i.e., dIn(u) = z 6 = = 1.

Since all countries improve their market access alike, the cost reduction leaves wages in
all countries unaffected (i.e., dIn(w) = 0). What remains is the effect on each country’s
supplier access, which is the result of the shipping cost decline between consumers and

their final goods suppliers, and which gives rise to a proportional welfare increase.?®

In a world with production linkages: The above logic of ‘demand neutrality’ no
longer applies in a global production network. Even though all countries still improve

their market access alike, the labor demand effects of a global trade cost reduction, dT =

models (without international supply chain linkages), the presence of a positive first-order externality is
precisely the circumstance under which the second-order externality of a trade agreement becomes negative.

25The result can be generalized in several ways: first, Proposition 5 carries fully over to a global trade
cost reduction in a world with production linkages, as long as only the shipping costs on final goods are
affected. Second, the result also holds in approximation for a truly international trade cost reduction,
where only the costs of importing and exporting of final products are affected. In both cases, the trade
cost reduction is still ‘demand neutral’ leading to a proportional welfare increase in all nations.
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—xT, can be very different depending on a country’s exposure to the increased amount
of intermediates flowing through the global value chain. In particular, they depend on a

country’s upstream exposure to every other nation, as clearly illustrated by the productivity
effects:2°

dln(p) = —a(I—A)&*1 (15)

What is still not clear however is whether supply chain exposure is a blessing or a
curse. All workers benefit, to a lesser or greater extent, from the productivity gains of their
domestic producers. But, as a global trade cost reduction also improves the productivity of
their foreign competitors and, at the same, triggers input substitution at home, it also puts
labor demand in each nation under pressure. These two sides to supply chain exposure are
summarized in the following expression, showing the net welfare effect of a global trade
cost reduction in each nation:?”
dln(u) = z®*1 + z (I—@%")ept [(1 —B) (Ef — e HEf) (16)

J/

-
Own and customers’ offshoring

+ (y—1) (Ef + ®IIE' — ®°II (Ef + Ei)HT)} (I-A)®*1

N J/

~
Own, customers, and competitors’ productivity

The first summand in (16) shows the unambiguously positive effect on consumer prices,
that solely depends a country’s upstream exposure to every other country. Not suprisingly,
thus, this effect can be alternatively be written as 2IITd, where d denotes the vector of
every country’s ‘downstreamness’ as defined in Antras and Chor (2013) or Antras and Chor

(2017),%® or as xb, where b is the vector of Bonacich (1987) centralities corresponding to

26The intuition behind the expression in (15) is the following: the local price effect of a global trade cost
reduction on producer prices is proportional to their initial intermediate input shares, dIn(p;) = —z(1-X\;).
Yet, producers are also indirectly exposed to the local price effects of their direct and indirect upstream
suppliers, as summarized in the row entries of matrix (I — A)®%e[I — A]~1,

2TExpression (16) follows immediately from the application of the elementary relationships
(i) Xf+ X' =Ef + E' and (ii)I = ®9° (I-II(I— A)) [A]"! to reorganize the wage effects in diffusion
model (7).

28Gimply note that since IIT1 = 1, it also is

o0
1 = Oy [1-A)TT"1 = 0%
h=0
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the network represented by matrix IIT(I — A).

The remaining summands describe the conflicting wage effects. When g > 1 (5 < 1)
workers of all nations suffer (benefit) from the offshoring of their local value added, but
benefit (suffer) from the offshoring in other countries that buy their intermediate products.
In other words, the offshoring channel favors countries in the upstream stages of the global
supply chain, if and only if # > 1, as they are less affected by this channel at home, while
they sell to countries that are more severely affected. On the other hand, since v > 1,
workers benefit from the productivity increases of their domestic employers, while they
are hurt by the productivity increases of their competitors abroad. Thus, it is a country’s
downstreamness in the global supply chain that tends to be in its advantage, because
downstream countries ‘fetch’ more of the productivity gains in the upstream stages of
production while they suffer less from the productivity gains in other countries.

These possibly conflicting effects of a country’s up- and downstream exposure, make it
impossible to unambiguously sign the welfare effects in (16). Nevertheless, the following
examples, and our empirical implementation of (16), show that the productivity chan-
nels tend to prevail, making a global trade cost reduction typically in the advantage of

downstream countries.

Example 1 (linear supply chain). Suppose countries are lined up in a linear chain
with country 1 at the top and country n at the bottom. Expanding on Example 1 in
Section 4, the welfare effects of a global trade cost reduction are given by

dn(wy) = P21y (17)

dln(u;) — 5;1(7”1_]-) N Zﬁﬁgfei
Tn

\Q ‘

for 1 < j < n. Welfare is, thus, unambiguously increasing in a country’s upstream expo-
sure, or downstreamness, if and only if 3 < 1. This can be viewed as a special case of the
general formula (16), acknowledging that in a linear supply chain each country’s share in

its sales markets is fixed at one, which is equivalent to assuming v =1 in (16).

Example 2 (Eaton & Kortum). Consider the Eaton and Kortum (2002) specification

of our model, with 5 = 1 and identical labor cost shares in each country (A\; = A for all
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i € N). In this case, the general formula (16) simplifies to*
dln(u) = z®9*°1 (18)

Hence, what remains is the benefit to consumers, which depends on each country’s up-

stream exposure to every other nation. Given identical labor cost shares, this benefit can
be further simplified to: dIn(u) = (z/A\)1.

Example 3 (Long & Plosser). The same welfare effect, d In(u) = x®%°1, as in Example
2 emerges —by immediate inspection of formula (16)— from the canonical input-output

model in macroeconomics: the Long and Plosser (1983) model with f =~ = 1.

Example 4 (Leontief). Finally, for perfectly complementary inputs (8 = 0) we obtain,
as shown in Appendix A.6, the following welfare effect:

dln(u) = z[A]™'1

Again, welfare improves most in countries enjoying better upstream exposure, i.e., those

with a higher intermediate input cost share.

Quantitative predictions: As each of the examples makes at least one rather restrictive
assumption, either concerning the structure of the production network or the model’s
elasticity parameters, we also verified the importance of upstream exposure in determining
the predicted welfare effects of a global trade cost reduction, empirically. To do so, we

imposed a 1% trade cost reduction on all active trade routes in each of the 39 years covered

29The intuition is the following: when all producers use the same share of labor in production, the trade
cost reduction has the same local price effect on each country’s producers, dln(p;) = —z(1 — A). As a
result, no country obtains a competitive edge from its relative up- or downstreamness in the production
network. More concretely, when \; = A, it holds

d = [Lw] '®derr(ef + &)

or, differently put, ‘downstreamness’ is equal to ‘upstreamness’ in the terminology of Antras et al. (2012).
This ensures that the conflicting labor demand effects in (16) cancel each other out. To verify the identity,
simply note that

1 PR h L —1gde i
d = J1 = [Lw] Ahz:;)[H(I—A)] HefX = [LW] 1@deTr(el + &)

The final expression is upstreamness.
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by our data, and calculated the resulting welfare effects based on (16). Our findings can
be summarized as follows:

First, in line with Examples 2-4, the international fragmentation of production works
in the advantage of each and every nation. Across all years and (-specifications used, the
average predicted per capita income gain is 3.2%, with a minimum gain that is always
strictly larger than the 1%-effect we would expect in the absence of production linkages
between countries.®® Moreover, the effect magnification through supply chain linkages has
increased over time, as illustrated in Figure 2 by the persistently increasing average welfare
gain over the years in our sample.?!

Second, the predicted welfare gains —although positive in every country— differ sig-
nificantly by country, suggesting substantial differences in supply chain exposure. The
interquartile range in each year’s welfare predictions in Figure 2 is typically around 0.6
percentage points, with a difference of about 3ppt between the smallest and the largest
welfare effect. Figure 3 explores this variation in more detail. It ‘zooms in’ onto the most
recent year in our data, 2011, and plots each country’s predicted welfare effect against its
entry in vector x ®%¢ 1, which fully captures the consumer price effects of a global trade
cost reduction and which is even the sole determinant of these welfare effects in Examples
2 and 3 above. The countries with the largest predicted welfare effects are typically found
in South-East Asia, followed by several European countries. Their gains are roughly 1.5-
2ppt larger than those of the least-benefiting countries in Central Asia, Africa, or South
America.

Finally, in line with Examples 2-4, it is a country’s upstream exposure that seems to be

30At first sight, an average welfare effect of 3.2% seems at odds with Lemma 1. There, we concluded that
the global supply chain does no more than distributing the total gains from trade. The fact is, however,
that the average effect of a 1% global trade cost reduction is, according to this Lemma, larger than one
percent, because it is

Sienlwidn(u) o Sien (el te) o
Dien liwi DN elf

31Figure 2 uses a model specification with 3 = v = 5. The average income gains are larger for all our
other f-specifications. For example, the average welfare gain is 3.25% across all years when using 5 = 1,
compared to an average 3.1% when 8 = 5. In the years covered by both our data sets, we always find larger
welfare gains in the CEPII data. This can be partly explained by it covering about 10-20 fewer countries.
In addition, the UN Comtrade data is based on import flows that, unlike the CEPII data, have not been
cross-checked with export flows. As a result some import shares, typically of developing countries, are
(much) lower than in the CEPII data, making these countries look less exposed to the supply chain and,
thus, also less benefiting from a global trade cost reduction. However, the trend in the predicted welfare
effects over the years covered in both datasets (2000-2006) is virtually identical.
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Figure 2: The gains from a global trade cost reduction, 1980-2011
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NoTESs: The figure shows the real per capita income effects (in%) of a 1% global trade cost reduction
in a model specification with 8 = v = 5. In the CEPII data, the average welfare effects increase
from 2.9% in 1980 to 3.5% in 2006; in our hand-collected data, from 3.0% in 2001 to 3.2% in 2011.

the predominant driver of the predicted welfare effects. In fact, the regression line fitted
through the points of Figure 3 has a slope of 1.47 (SE 0.10), suggesting that a country’s
upstream exposure has an even stronger effect on these welfare effects than the one-to-
one relationship implied for by the pure consumer price effect. Put differently, upstream
exposure also appears to be the key determinant of the labor market responses to a global

trade cost shock in our data.

6 Key trading partners

The previous section showed that a country’s exact position in the global production net-
work is a source of absolute advantage: even when trade costs decline at the same rate
everywhere, countries enjoying better (upstream) supply chain exposure experience larger

welfare gains. Here, we unravel the origins of this exposure. We look at a country’s trading
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Figure 3: The gains from a global trade cost reduction: cross-country variation in 2011
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NoTEs: The figure plots each country’s predicted real per capita income gains following a 1% global
trade cost reduction against a country’s entry in the upstream exposure vector x ®5°¢ 1 (using 2011
data and assuming 8 = v = 5). The regression line through the points has a slope of 1.47 (SE 0.10).

partners for this purpose, because they are the ones that link a country to suppliers further
upstream and to buyers further downstream.

In particular, building on an extant network literature, we measure the importance of a
country as a trading partner in terms of the welfare losses inflicted on other nations, when

the country hypothetically weakens all its in- and outgoing trade relationships.*? If one is

320ther studies measuring the importance of ‘key players’ to a network can be found in such diverse
fields as the literature on network robustness (Foti et al., 2013; Goyal and Vigier, 2014), shock diffusion
in domestic production networks (Acemoglu et al., 2012), information diffusion (Ballester et al., 2006;
Banerjee et al., 2013), disaster impact analysis (Hertel et al., 2014), R&D policy (Koénig et al., 2014), or
conflict theory (Konig et al., 2017). The concept can even be traced back to an early regional economics
literature, that defined the value of a sector for a national supply chain by the forward and backward
linkages that are severed when the sector is disconnected from the rest of the economy (Rasmussen, 1956).

Also, note the close relationship between our analysis here and classic gains from trade analyses that
look at the ‘flipside’ of what we are interested in here, namely at the loss in the isolated nation itself.
To determine this loss, the linear approximations in Formulas (19) or (20) are of little use, as this loss is
certainly more than marginal. Yet, we can calculate it based on the approach in Arkolakis et al. (2012),
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merely interested in the importance of a country for the world as a whole, our first result
shows that all we need to know is its total value of production, # + ;. This follows as an

immediate corollary of Lemma 1:

Corollary 1. The worldwide total welfare effect of country i’s partial isolation, dT =
(LT + TI;), where 0 < = < 1 and I; is a matriz of zeros with a single one in the

diagonal element 11, is given by

lewjdln(uj) = -z (mf + ot + elf + eﬁ) = —Qx(xlf + xz) (19)

JEN
For our purposes of unraveling the origins of countries’ supply chain exposure, this
measure is too coarse however. For one thing, countries are differently dependent on the
isolated nation, leading to potentially (very) different welfare effects across countries. For
another, a country’s total output does not reveal anything about the important channels
underlying the welfare losses in other nations. These two missing pieces are delivered by

the following ‘key trading partner’ formula.

Definition 2 (key trade partners). Suppose that 3 = .33 The effect of country i’s

entire isolation from the global supply chain on the per capita incomes in any country j % i

which yields, in the case of § =+, a predicted loss of:

1 z!
d_;In(u;) = 1 1
n(u;) 5 n ( )

f i i
T + X — Ty

33 As noted earlier already, the uniform elasticity specification allows us to invoke an infra-marginal trade
cost shock on our model, such as the entire isolation of a country. The precise effect on the Leontief and
Ghosh inverse matrices in (10) and (12) is derived in Lemma 6 of Appendix A.3 (property 3.). Note also
that we again make the implicit assumption that the impact of a country’s isolation is at the same time
small enough so that our first-order approximation of the resulting welfare effects in other nations is viable.
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1s defined by

dln(f)f) = & HT< l)\i + l(1 - A)i > + Pt dIn(w)
ez
(i) ctr. i’s local (ii) intermediated
value added value added
din(w) = (1—~) @pultpde { ef + Lot ; (20)
~~ Yi

1) ctr. i’s
(i) (iv) intermediated

local demand
demand

— TILWI_; (dln(fof) —<I>t°td1n(W)) }

g

softer import competition due to foregone

(v) local and (vi) intermediated value added
where Ty =1—-1;, ef = (a,, 23, ..., al)T, and e, = ;307 [II(I — A)|°x",.  Further-
more, Aj = (0,0,...,N;,....,0)T, (1=X); = (0,0,....,1 — X\;,...,0)T, and y; > 0 is a scale
factor defined in Appendixz A.7.

The formula, which is developed in Appendix A.7, distinguishes a total of six different
channels —next to the general equilibrium multipliers— through which welfare in other
nations is affected. Three channels are active regardless of whether supply chain linkages
are present or not: first, workers from all nations lose access to the isolated country’s final
demand, putting their wages under pressure (effect iii). Second, consumers forego access
to the isolated country’s local value added, implying a higher price for their consumption
bundle (effect i). And third, all countries lose a competitor in their sales markets, which in
contrast to the previous two channels, is associated with a positive impact on their welfare
(effect v). In other words, the isolated country is to some extent dispensable, because
others can fill the gap it leaves on the world markets.

In a global supply chain, there are three additional effects at work: first, workers from
all nations need to accept additional wage cuts, because they now also lose access to the

final demands that the isolated country intermediated from elsewhere (effect iv). The ideal
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measure for this ‘intermediated demand’ is

e, = L) [II- A,
h=0
with xt, = (Z e ngk” o Zmﬁk)T
ki ki ki

which, pre-multiplied by the full matrix ®9¢ —as in (20)—, immediately gives us a measure
of ‘bridging capital’ from the social network literature (Ballester et al., 2006; Jackson,
2017). Moreover, it is also very closely related to the vertical specialization trade measure
of Hummels et al. (2001). As such, formula (20) suggests that a country’s degree of
vertical specialization can be interpreted as meaningful statistic for its importance as a
trade intermediary.3*

Second, consumers have to endure further rounds of price increases, because of the
foregone access to the foreign value added incorporated in the isolated country’s products
(effect ii). This foregone value added can be easily measured by the country’s intermediate
goods share in production: (1 — A);. Third, and finally, all remaining countries benefit,
because also their competitors lose access to that intermediated value added and, thus,

competition in world markets is further relaxed (effect vi).

Linking trade intermediation and supply chain exposure: Above, we established
that the value of a country as a trading partner is determined by the size of its domestic
final goods markets and its local value added, on the one hand, and its ‘capacity’ to
provide indirect access to the demand and value added of other nations, on the other
hand. The following result shows that only the latter contributes to other nations’ supply

chain exposure and, thus, following Section 5, to their predicted welfare gains from a global

34To make the link with Hummels et al. (2001) clear, note that their measure can be written as (see
above for the definition of I_; and xf_i):

vo= AITE AN b T AT - AYT S I - A
h=0

For comparison, pre-multiplying ef ; by the direct exposure of every country to nation i, i.e., the second
summand in matrix ®9°, we get

1T - A)e; = 17— A)xf, + 17— A) Y, [III - A)x,

Thus, the major difference between the two measures is that ours also includes domestically consumed
intermediate products, as long as they are used in the production of final goods consumed elsewhere.
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trade cost reduction:

Proposition 6. Suppose = ~. The relative welfare gains from a global trade cost re-
duction d'T are solely determined by the intermediation capacities of a country’s trading
partners. That is, let AT™F denote the (partial) shutdown of the intermediation channels

ii, w, and vi in Formula (20). Then, for any two nations j,k € N, it holds:

drIn(u;) — drin(uy) = — —Z (dTlnt In(u;) — drpint ln(uk)>
ieN

For the proof (presented in Appendix A.7), we simply take advantage of the additive

separability of the total effect of a small shock to every element of the trade cost matrix.

Quantitative predictions: To illustrate the usefulness of our key trading partner for-
mula, we empirically identified each country’s most important trade intermediaries in our
dataset. Figure 4 positions all countries present in the most recent year in our data, 2011,
in a network graph. The size of a node indicates the overall importance of a country as a
‘trade intermediary’; an arrow ij the specific importance of country i as an intermediary
for country j.

There are two striking observations: first, quite different from the network of overall key
trading partners shown in Figure 5 of Appendix A.7, trade intermediation is a geographi-
cally confined phenomenon.?> Second, it is typically the larger economy that intermediates
for its smaller neighbors.

Not surprisingly then, each country is its own most important trade intermediary.3¢
Furthermore, most of the important international ‘intermediation ties’ root from the same
few countries and end in their immediate neighborhood. The key intermediaries in Europe
and Asia stand out in this regard. China, as an extreme example, holds the strongest
intermediation ties of all nations with its neighbors in South East Asia. Yet, China is,

as illustrated by its small node size, only of minor importance for the world as a whole,

35The difference between the figures becomes particularly clear in the bottom panel of Figure 5, where
the top two trading partners, the U.S. and Germany, sell their own value added and source their own
consumption goods from a number of locations significantly further away than the ones shown in Figure
4. Nevertheless, as the welfare losses of the average country’s isolation can for 67% be attributed to their
foregone intermediation capacities, the network of overall key trade partners in the top panel of Figure 5
looks quite similar to the key intermediary network shown in Figure 4.

36This rather obvious pattern is omitted from Figure 4, where we only show the international ‘inter-
mediation ties’. Nevertheless, these international ties are still responsible for 52% of the typical country’s
supply chain exposure.

33



Figure 4: Key Intermediaries by Nation
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NotEs: The figure highlights the intermediation capacities of 96 in the year 2011. The network is based
on the quantified welfare effects of a 1% trade cost increase on all a country’s in- and outgoing trade links,
dTint = 01(I;T + TI;), whereby we focus on the intermediation channels (ii), (iv), and (vi) of Formula
(20). Node sizes indicate country i’s importance as an intermediary for all j € M'\{:}. Arrows indicate that
either (a) ¢ contributes most to the welfare in j, among all [ # 4, or that (b) country pair ij belongs to the
top 50 of all ‘intermediation ties’ in terms of effect size.

because of the many other countries that are severely hurt by the intense competition with
the foreign value added embodied in Chinese exports (channel (vi) in Formula (20)). Only
the U.S. is an example of a key intermediary that is not just important for countries in the
Americas, but also for several countries beyond its immediate geographic neighborhood.
These empirical findings are in line with the empirical pattern found elsewhere (e.g.
Daudin et al., 2011; Johnson and Noguera, 2012), leading Baldwin and Lopez-Gonzalez
(2014) to divide the world into Factories Asia, America, and Europe. Our analysis adds
some important meaning to these stylized facts, because it shows how the geographical
concentration of intermediation ties matters for where the gains from trade materialize. In
fact, in light of Proposition 6, it is not surprising that many of the largest beneficiaries of
a global trade cost reduction are located in Europe and East Asia (see Figure 3), where
countries benefit from their proximity to, sometimes multiple, key intermediaries. At the
same time, the low density of intermediation ties in the Americas explains why the top

gainer on that continent, Brazil, ranks only 31st in the world.
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7 Conclusion

In this paper, we develop a novel network perspective on the origins of the gains from trade.
Most importantly, we show that in today’s integrated global value chains, a country’s
access to the technologies and markets of its direct trading partners is no longer key to
understanding the welfare effects of trade policies, technological progress or other types of
natural or man-made trade cost shocks. What matters, instead, is a country’s exposure to
such shocks through the entire network structure of production linkages.

More specifically, we find that the up- or downstreamness of a country in the global
supply chain, relative to the location of the shock, is key in this respect. The relative
importance of the two depends, however, on the specific type of shock: under a global
shock, such as for example a global innovation in information or transportation technology,
countries operating in the downstream stages of the supply chain tend to experience the
largest welfare gains. In contrast, under a local shock, such as for example a bilateral
trade agreement, both the upstream suppliers as well as the downstream customers of the
directly affected nations might experience the largest gains, whereby the relative magnitude
of these up- and downstream externalities crucially depends on whether it is the exporter
or the importer involved in the agreement that is the more important intermediary of other
nations’ demand and supply.

Beyond the immediate importance of these insights, we believe that our paper opens up
several interesting avenues for future research. First, our comparative statics approach to
disentangle the different welfare channels of a (trade cost) shock might also prove useful in
other models of input-output trade or economic geography. The more so, as each of these
channels can be easily quantified using no more than readily available macroeconomic data
and estimates of the model’s elasticity parameters. In this regard, our approach might
even inspire new empirical strategies. The system of total derivatives that lies at its heart
establishes a linear relationship between observable ‘sufficient statistics’, with the elastic-
ity parameters as coefficients. Using a large scale shock as a quasi-experimental setting,
one could possibly estimate these coefficients based on fairly straightforward methods or,
alternatively, use the system to create theoretically founded exposure measures that ‘con-
nect’ the shock to the data. In light of our focus on network effects, it seems particularly
worthwhile to complement existing studies on the direct impact in countries experiencing
the shock (e.g., Autor et al., 2013; Caliendo and Parro, 2015) by estimating the size of the
network externality in countries that are only indirectly affected.

Second, our findings add to a number of recent policy questions regarding global supply
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chains. For one, it is only one step from the system of total derivatives underlying our
counterfactual approach to the first-order conditions for an optimal tariff regime. Fven
though we view our current findings on this topic as no more than stepping stones, they
already add some insights to earlier papers stressing the need for new supply chain trade
policies (e.g., Antras and Staiger, 2012; Ornelas and Turner, 2012). In particular, we
identified a surprisingly large number of trade routes, where most of the welfare gains from
a trade cost reduction do not materialize in the directly involved countries, but rather
in their up- or downstream trade partners. Moreover, our analysis puts a number of
trade partners into the spotlight, not so much because of the size of their own markets,
but because of their importance as trade intermediaries determining their trade partners’
indirect exposure to shocks in the global production network.

Also, past studies have argued, and shown, that the emergence of global supply chains
has opened up new transmission channels for foreign shocks, with important implica-
tions for the international synchronization of business cycles (e.g., Arkolakis and Rama-
narayanan, 2009; Caselli et al., 2017). As our approach helps to single out, and easily
quantify, the different channels by which a shock diffuses across nations —in particular,
the general equilibrium effects vs. supply chain diffusion—, it has the potential to shed fur-
ther light on their relative importance in dampening or exacerbating international business
cycles.

Finally, recent evidence points to falling labor cost shares or, more generally, to falling
domestic value added shares in many countries and sectors in recent decades (e.g, Karabar-
bounis and Neiman, 2013; Timmer et al., 2014). At least part of this decline appears to be
related to the parallel drop in trade and communication costs, leading to increased produc-
tion fragmentation (e.g., Hasan et al., 2007; Fort, 2017). The basic model adopted in this
paper, as well as the extension presented in Appendix A.8, allow for such flexible labor cost
shares that respond to changes in the cost of sourcing intermediate inputs. Hence, these
models have the potential to add valuable general-equilibrium insights regarding the wel-
fare consequences of these declines. Crucial in this respect would be, however, to first have
a well-identified estimate of the elasticity of substitution between labor and intermediates

in production.
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A Appendix

A.1 Equilibrium and comparative statics

Here, we verify Proposition 1 stating that the model of Section 2 has a locally unique equilibrium
with well-behaved comparative statics properties. Towards this end, we follow the standard
solution approach for production economies and reduce the economy, in a first instance, into a
pure ‘labor exchange economy’ where the prices of all products, outputs, and trade flows are
expressed in terms of their labor content (see Taylor (1938) and Wilson (1980) and more recently
also Alvarez and Lucas (2007) or Adao et al. (2017)). The equilibrium of this reduced economy
is, subsequently, solved for by a wage vector w and the corresponding price, quantity, and labor
demand vectors that clear all labor markets.

Equilibrium definition: Let © € U/ denote the parameters of the original economy and let
(p, pf,pl, w) denote its variables. The producer price index of each country can be represented
by a vector function p = f(p, w, Q), with row entries

1
1*6

o) = (Pl () () ) ) (21)

JEN

As will be shown in Lemma 2, this function fixes an implicitly defined price vector, p(w, ),
and accordingly the vectors of composite goods prices, pf(w, Q) and p'(w,2). This, however,
requires us to make the following additional parameter restriction ensuring that all nations add
value to the global supply chain, i.e., \;(w) € (0, 1],

Assumption 1. Let © = max{w;j|ij € N x N} and w = min{w;;|ij € N x N} for any
parameter w;j. It either holds®”

(@) 1<B<v or (b) (&)(nar'™")"T <1 (22)

Subsequently, we make use of the labor market-clearing condition

o0

Lw = = Z "IILw (23)

to fix w. Lemmas 3 and 4 show that this condition defines a locally unique w. This, however,
requires us to assume that 19(w) is at least locally invertible, which is ensured by the following:

3TPart (b) mirrors the familiar constraint on ! from models with a Cobb-Douglas production technology
(8 = 1), which in this case simplifies to ! < 1. In the more general case of a CES technology, the constraint
is combined with a condition that is common to the social network literature (e.g., Ballester et al., 2006)
and that puts a limit on the number of actors and the strength of links in a network, the latter of which
is captured by uiTilj_’Y in our case. Loosely speaking, Part (b) demands that the global network structure
of production is not ‘too dense’ when S > 1, and not ‘too sparse’ when 5 < 1. Alternatively, as stated
in Part (a), all nations add value to the production network regardless of its density, when intermediate
inputs primarily substitute away other intermediate inputs and less so local labor (1 < 8 < 7).
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Assumption 2. In some open neighborhood around an equilibrium vector w, let 8l§l/8(ljw]~) €
(09._) for all j #i.3®

Jacobian matrices: For our arguments, it will also prove useful to determine the partial
derivatives of (21) and (23). Concerning the former, note that dln(f;)/01In(p;) = m;:(1 — A\).
The Jacobian matrix of (21) is, thus, given by

01In(f)

_ _ T
on(p) (I-A)II (24)
Concerning the Jacobian matrix of In19(w), Appendix A.2 derives the following expression
oln(1d) 1. de £ iy 0In(P)
;9In(p') ¢ OIn(p") 3
+ (y—-B)IE ln(w) + (y = 1DIIE n(w) + IIE (25)

where 01In(p)/01In(w) denotes the Jacobian matrix of the implicit function p(w, ), presented
in (26), and

oln(w)  Jln(w) O0ln(w)

o) _ W) _ rdn()

Proof of Proposition 1: We are now in the position to prove the claim. Extending on
Theorem 1 of Alvarez and Lucas (2007), who prove existence of a unique positive equilibrium
price vector under the Cobb-Douglas assumption (8 = 1), we first show that equilibrium prices
are positive as well, when technologies are given by a more general CES function.

Lemma 2. Suppose that producer prices satisfy (21), Al is satisfied, p € R}, and w € R} .
There exists an implicit function p(w,§2) : R, xU — R} | that satisfies (i) p = f(p, w, Q) and
that has (i) partial derivatives given by

Oln(p) = _ T1h

Tnlw) ~ hgo[(l AIT]A (26)
dlmp) n 81n(f)

oQ hzg[(I_A)HT] o0

Proof : We verify that f(p), as defined in (21):

38Note that A2 does not require all nations to trade with each other. All we need is that there is between
any country ¢ and every other j € N either (i) a chain of outgoing ‘value added flows’,

)\iﬂ'ill(l — )\ll) X 7rl1l2(1 — )\12) X ... X Ty j

or (i) a third country k such that both ¢ and j have a chain of outgoing value added flows to that country.
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1. is an endomorphic function on the compact and complete space P C R} (e, f: P —P),
2. is a contraction mapping, and

3. the Jacobian matrix of In(p) — Inf(In(p)) is invertible.

Existence of a unique p € P such that p = f(p,w,2) —and thus an implicit function
p(w, Q)— then follows from the Contraction Mapping Theorem.

1.) To confirm the endomorphism, note first that (21) is monotonically increasing in 7;.
Thus, a conservative upper bound for f;(p,w;) is given by

_B_
filp) < pi = (K)TF w
A lower bound for f;(p) is, on the other hand, given by

1
1- B

i) = b = (mé)ﬁw}5+<mz>ﬁ(ml—vzp;”) - )1‘ (27)
JEN

H‘
2@

in combination with

o\ =3
_ _ _ Bl 1 o 1=8\1-B
YNouim o= 9O ) = Z((%)ﬁw} Pt )P (p Y p ) ) (28)

ieEN ieEN ieN ieN

Here, T denotes the lowest trade cost and i the highest factor productivity among all i,7 € N.
Thus, the remaining question is whether p;, > 0 for all countries? As is easily verified, under
the conditions of A1 Part (a), i.e., 1 < 8 < v, function g(-) satisfies:

g > 0
J = S (Y ) (ar ) > 0
ieN ieN
= P T () T Pl ) (i) <0
v ieN ieN

on the domain ZieNP;_W € (0, oc0). Hence, g has a unique fixed point > 0. By (27), we then
find a p;(x), which by (28) satisfies Y-, r p;(2)' ™7 = z as well as p; > p;(z) > 0.

When g > v or 8 < 1, in contrast, p; > 0 can be established as follows. Start from the
inequality

fip) > p = ((El)ﬂwl‘ﬁ+(Ri)ﬂ(ﬂ71_”z,@1_”)i_5>w (29)
JEN

where w > 0 denotes the lowest wage rate among all i. The corresponding function h(-) =
Zjej\/Bl_7 then satisfies h(-) > 0 as well as

1—

W= () (e )
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Obviously, 0 < A’ < 1 under the conditions of A1 Part (b). Hence, h has a unique fixed point
given by

[

Jun

1= (&")P (npz!=7)1=

™

1-p8 1—~
i~ (=l\B -8

| ‘
2

From this, a lower bound for f;(p) is given by p(y), which satisfies p = max;en{p;} > p;(z) >
p(y) > 0. For the endomorphism, it remains to be seen that if P is defined as the compact and
complete space P = [p(y), p|” then, because f;(p) is monotonically increasing in p; for all j € NV,
f maps P onto itself.

2.) To establish the contraction property of f(p), note that for any two log-linearized price
vectors In(p), In(p’) € InP it holds

In(p) + (In(p) — In(p))1 > In(p’) (31)
Thus, let s = (In(p) — In(p)) denote the sup norm of In(f) : InP — InP. We get

Inf(In(p’)) — Inf(In(p))

IN

Inf(In(p) + s1) — Inf(In(p))
Onf(In(p) + sz) 51

oln(p)
(I-A1Ts1
= sI-A)1

The inequality in the first line follows from (31) and the identity in line two from the Mean
Value Theorem applied to an interior point sz = (sz1, s29, ..., $2p,), 2; € (0,1), between In(p) and
In(p) 4+ s1. To continue to the third line, note that dln(f)/dln(p) is nothing but the Jacobian
matrix of producer prices evaluated at In(p) + sz. The expression is given in (24). Finally, in
line four, we use that the sum of import shares in each country satisfies, by definition, IIT1 = 1.
The contraction property follows, now, from the fact that I — A < (1 — A\)I < I so that

Inf(In(p)) —Inf(In(p)) < s(1-A)1<sl
where 1 — )\ denotes the modulus of In(f) given by

T R O L T (T T : 1-8
A = ( )pl(ﬁ) = wlﬁglil;fg (1 - (RZ)B(nﬂlli’y) 177) (32)

3.) Existence of an implicit, continuously differentiable function p(w, Q) follows finally from
the fact that the Jacobian matrix of In(p) — Inf (In(p)),

~ 9In(f)
dln(p)

is invertible, since the row sum norm of 91In(f)/0In(p) is clearly smaller than one. For the same
reason can the matrix inverse [I — (I — A)TIT]~! also be expressed in terms of the converging
Neumann series shown in (26). H

= I-(I-A)It
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Several things follow from Lemma 2. First, based on the partial derivatives in (26), we define
the terms of trade multiplier as

Htot — Oln(f)f)
~ OJln(w)

= ®°IITA (33)

Moreover, the direct effect of a trade cost shock on producer prices is given by

9In(p)

(T ° (dIn(T)T1 = I-A)®* [T o (dIn(T))T] 1 (34)

dln(p) =

such that in the absence of production linkages: ®*t = ITT A and dIn(p) = 0. Second, Lemma
2 implies that the proof of equilibrium existence reduces to finding a vector w that satisfies (23).
This is established in the following lemma:

Lemma 3. Suppose that Al is satisfied. There exists at least one w € R, that satisfies
Lw =14 (Wa f)(w)a f)f(w)JSl(w))

Proof: We verify that the system of excess demand functions:
Wz(w) =AY [I(I-A)]"ILw — Lw (35)
h=0

satisfies the following properties: for all rows i of z(w)
1. zj(w) is continuous on the domain w € R} |,
2. zi(w) is homothetic,
3. D ien wizi(w) = 0 (Walras’ Law),
4. for all w € R} |, there is a k € Ry such that z;(w) > —Fk,
5. if w — w0, where w?; # 0 and w) = 0 for some 4, then z;(w) — oo.

Existence of a ‘wage equilibrium’ then follows from Proposition 17.C.1 of Mas-Collel et al. (1995,
p.5H85).

1.) As becomes clear from the expressions in (5) and (6), all entries in IT and A are the
products of augmented wage rates, wl-l A , and the implicitly defined functions p;(w), both of
which are continuously differentiable on w € R’} . The continuity of z;(w), thus, hinges on the
continuity of the Neumann series in (35). Note, however, that for any w € R’} , the column norm
of matrix II(I — A) satisfies the inequality [II(I— A)| < 1 — A < 1, where 1 — ) is defined in
(32). The Neumann series, thus, converges uniformly as h — oo and, based on the Uniform Limit
Theorem, z;(w) is continuous.

2.) Note, first, that p(w) is homothetic. To see this, start from the partial derivatives of this
function given in (26) and make use of the elementary identity in (11) to find for a proportional
wage change, dIn(w) = 1, that (01n(p)/dIn(w)) dIn(w) = 1. Hence, by Euler’s Theorem, p(w)
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is homothetic. It remains to be seen that, as a consequence of this, IT and A are both homogeneous
of degree 0 and, in turn, the same holds for z(w).

3.) To verify Walras’ Law, note that the condition Wz = 0 is nothing but labor market
clearing (4) in each country.

4.) Consider a w € R . Because the total output in each i is greater than zero, it must
hold z;(w) > —I;. Thus, a lower bound k for z;(w) is given by k = maxgea{lx}.

5.) Suppose that w — w’, where wgi > 0, and w? = 0, and denote by y and y the smallest,
respectively highest, value of a variable y; among all ¢ € NV. It holds for any 4

1 .
alw) = Aemin{rf G} - max{l)
1—

1- 1-6\1=% ,,=1—
1 (54)Pw, P ((kh)Pw] Py =8 pr'

> EZ pl—ﬂ pl—Vnﬂ,zl_V gnélj\rfl{wjlj}_rl?e%({lk} (36)
_ 1y 1—y
1 (6Bl =BY TR 21—y , 15\ H1=5)
> = ((K’z) Wy ) _ ur 1— (Rl)ﬁ(nﬂzliﬂ/) — min{w;l;} — max{l;}
W (14’,17"/) ieEN 7 keN
(W) i :

The first inequality follows the identity x{] = m;jljw;, and the fact that the total output of i is

larger than min{x{j} (if x{] =0 for all j € N' we can make a similar argument for an xgj > 0).
The second inequality follows, in turn, from the definition of y and § in combination with fact
that

—1— 1— 1—
) pur' N () T e
i JE—— and - ( -y )
D Inpr 7 D7 D

Finally, inequality three follows from the definition of p in (29) and (30).

As w; converges to w) = 0 and w_; to w®,; > 0, we obviously get the identity lim(w) = lim(w;)
in the final line of (36). Thus, z;(w) grows unboundedly and, by Proposition 17.C.1 of Mas-Collel
et al. (1995, p.585), we have thus established existence of an equilibrium w. B

So far, we have seen that an interior equilibrium exists under any parameter constellation
Q € U that satisfies A1. The final remaining problem is that multiple w might be consistent
with Lw = 19(w). Even worse, it is not clear whether we can perform comparative statics for
any of our equilibrium points.

The feasibility of the latter is verified in the following lemma:

Lemma 4. Suppose that A2 is satisfied in an equilibrium point w. Define w = ﬁw, where
|w| = > ,cywi. Also, for an arbitrary matriz Z, define Z~ to be the matriz that follows after
removing row i* and column i* from Z, while ZTV is the matriz that results from the insertion

of vectors of zeros before row i* and column i*. Then:

1. There is a locally unique W that satisfies Wz(W) = 0.
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2. For any ¥ € U', where U' C U is an open set containing 2, there exists an implicit
function g : U'" — R}, that satisfies (i) G(2)z(g(2)) = 0, where G is the diagonal matriz
corresponding to g, and (ii) that has partial derivatives given by

Oln(g)  1f=[1,0m(1%) -] amad)
o0 ‘c{gﬁt%mw>+“ oy % 37

where ¢ > max{3,~}.%

Proof: Following up on Lemma 3, we know that Wz(W) is homogeneous of degree 0 and
satisfies Walras’” Law. Hence, we are free to fix w;+ = 1 and to remove row ¢* and column ¢*
from Wz(w), which by Walras’ Law are redundant. We show here that the reduced system

{- Wz(v‘v)}_l* = 071" satisfies the conditions of the Implicit Function Theorem, i.e.,

1. 277 ]R:‘_jrl XU — Rﬁjrl is continuously differentiable in w—", and

2. in an equilibrium point w, the (log-linearized and transformed) Jacobian matrix of the
reduced system

dln{-Wz}~ 1" dln(19) "
o = U o)) (3

is invertible, where 91n(14)/01n(#W) is defined in (25).

1.) Simply note that the excess demand function (35) is continuously differentiable in w. The
same thus holds for the reduced system.

2.) The Jacobian matrix (38) is invertible, if its row norm is unequal zero, i.e., if

dn{-Wz} " . Al ™. . .
om{w}+ © {I omw) ) L 70

Moreover, under the same condition, we can also express the matrix inverse of {I — 91n(14)/9In(w)} =1
by the Neumann series shown in (37), where we additionally adopted the following affine trans-
formation of the Jacobian matrix

o o ()

which we adjusted by a scalar ¢ > max{3,~} that is sufficiently large, so that {01n(1¢)/dIn(w) +
(C—1DI}~" has all its entries strictly positive. The norm condition follows immediately from the
homogeneity of Wz(#W) in combination with the gross substitutes property (91n(l¢)/d1n(w;) > 0
for all 7 and j # i) implied by A2. B

39The assumption ¢ > max{f3,~v} ensures that the diagonal elements of 91In(14)/9In(w) + (¢ —1)T are
strictly positive. The off-diagonal elements are positive by A2.
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Based on Lemma 4, we define the foreign trade multiplier as

mult _ 1 N 1 aln(ld) _ —i M -1 nxn
pmult — C{;[C{amw)Jr(c DI} ]} [LW] ! € R™X

h

where 91n(14)/01In(w) is given in (25).

A.2 The Jacobian matrix of labor demand

Here, we derive the Jacobian matrix (25) of the log-linearized labor demand system

o0

In(1%) = In(A) + In <Z [TH(T — A)]"TT Lw>

h=0
The Jacobian of the (log) labor cost share is given by

6 In )\,L 8ln ~i
() _ (5 1) 0
0ln(wy) 0ln(wy)
for any cell j # 4. Including the diagonal elements

dln(A) B ~ 9ln(p)
dnw) — LA (I 81n(w)>
where 01n(p)/01In(w) is defined in (26).

(41)

Turning to the Jacobian of the output vector, the total derivative of the Neumann series in
(40) can be determined with the help of Lemma 6 Property (i) (Appendix A.3). Based on this

entry ¢j of the Jacobian is given by

> 0 ien (1

Oln (x{ + :cZ) B 1 (
9n(w;) x{ + meN keN

where z;; denotes cell ij of matrix > o o [TI(I — A)]h and where

Z zlmx{; = :Ulf—i-:v}

Concerning the different summands, it holds

6$£ Oln(pr) ¢ Oln(p
Oln(w;) (1= w@ln(wj) lgkal gl
or, in vector notation,
o xf ¢ 0In(p) dln(pf)
oln(w) (1-7X dln(w) (1= 7)ILW Jln(w) + LW
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Furhermore, making use of the identity Y, 74 (1 — M) (] + z}) = i, it holds

k
8Zk%\/l7r(ik(1) — ) (wf+af) = (1—-7) glln((ﬁi)) x!
n wj n wj
) Y e 2O )
= 0In(wj)

+ (1-5) Z k(1 — )\k)<8ln(ﬁ}€) 0In(p) > (.Z‘£ + x%)

= dln(w;)  dln(w;)

Thus, in sum, the Jacobian matrix of the output vector is given by

9ln (x" +x') _ £ 1% eSL
3 In(w) = [xF+X]| }; [TI(I - A)]
((a-xg® - o pna- e X SR

dIn(p') ~ Ol f)))
Jln(w) 9ln(w)

9In(p")
Jln(w)

+ (1= B - A)(X +XI)(

¢ OIn(p)
O0ln(w)

+ (1-7X

— (1 =yIILW

+ HLW>

Combining (41) and (42) and making use of the following expansion for (41):

dIn(p) >

(B~ Dgmw) (5—1)[Xf+xi]‘1§[n(1—z\)}h
i Oln(p
* <I ~TI(T - A)) (xf + x) mln((g))

we arrive at the simpler expression in (25).

Lemma 5. The Jacobian matrixz of the labor demand system (25) satisfies:
1. (0In(1%)/0In(w))1 =1, and
2. 1TLW (91n(1%)/0In(w)) [LW] 1 = 1T

Proof: Part (1.) follows immediately from the homotheticity of the labor demand function in
combination with Euler’s Theorem.
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Concerning Part (2.), note that

n(1d : n(p
W W = (T (- 1T xR w2
R g R e S 1
= 1T+ (- TP e g

O0ln(w)
= 1-p1T + p-D1TLW [LW] ! + 1T

where in lines one and two, we make use of the properties of ®4¢ summarized in Lemma 8 (Ap-

pendix A.4) combined with the identities LW [Xf + X171 = A, 1TIT = 1T, and 1TEtTIT = 1TX®,
Line three simplifies, and line four follows from the properties for ®°¢ in Lemma 8. The chain of

identities, thus, leads to 1T. W

A.3 Exact comparative statics for an inverse matrix

In this appendix, we expand on a collection of results from the regional science and social network
literature with the ambition to establish an exact functional relationship between a new inverse
matrix, [I — Z]71, the 4nitial matrix, [I — Z]~1, and the imposed change dZ = Z’ — Z.

Part (1.) of the following result is altogether and new and provides the foundation for our
analysis of a small shock to any number of elements of an exogenous or endogenous matrix Z.
Part (2.) concerns a large shock to two elements of an exogenous Z-matrix. Part (3.), finally,
extends on the ‘Key Player’ analysis of Ballester et al. (2006) and Temurshoev (2010) and looks
at arbitrary large shocks to row ¢ and column ¢ of an exogenous Z-matrix.

Lemma 6. Consider square matrices Z and Z' and a scalar x € R, such that [I —Z]™' and
[I— 2 eist:

1. For Z! = Z+xdZ with x — 0, it holds

clim LI Z—2dz] " = [1-7Z]

z—0 X

-1 -1

z [1-2Z) 'az [1- Z] (43)

2. ForZ' = Z+xzii L5+ yzila, where Ly; is a square matriz with a one in element ij and zero
everywhere else and z,y € R, it holds

[ - Z—wzl +yzula) ' = [1-2Z]7 + i M-z 'daz[1-z]™" (44)
LZijyYZkl (] h] (1] o Ih] -1
+ DV g)” (Z 111+Zzh O I ta) 12
h=0 h=0 h=0

where ¥ € Ry is defined in (50) and >"p~ zl[;-l} denotes entry ij of matriz [I — Z]~1

3. For Z' = 14Zly;, where Iy = (I+2L;) and Iy = (I4+yL), =,y € R, I; denotes a square
(]

matriz with a one in element it and zero everywhere else, and where Y ;> z;." denotes
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element ii of matriz [I — Z]~1, it holds

[I—IxiZIyi}_l =1+ Iy ( [I—Z}_l 4 T +y+ry

(45)
1= Zz[?](x +y+zy)

x [1-2] 'ZLZ[1 - Z]I)Iyi

Before we proceed to the proof, let us first review a number of results on the exact solution
for the inverse of a sum of matrices:

Henderson and Searle (1981). Let X be a nonsingular square matrix, and U,Y and V
be (possibly rectangular) matrices such that UYV is a square matrix. It holds

1

[(X+UYV] " = X! - X'U[I+ YVX*lU]*YVX*1 (46)

The following identities are useful special cases:

Minabe (1966, p.58). By successive application of (46) for a nonsingular square matrix X
and a square matrix Y, such that all characteristic roots p of X 1Y satisfy |u| < 1, we get

X-v]™'=x1 4 i (X~1y)"x! (47)
h=1

Neumann’s series expansion. Expanding on Minabe (1966), we get for X =1
I-Y]7' =1+ (V) =) Yh (48)
h=1 h=0

Sherman and Morrison (1950). For s € R, a column vector u, and a row vector vI of
identical length

T1-1 -1 Y -1, T~y-1

Equipped with these results, we are ready to the prove Lemma 6:

Proof of part 1. Applying (47) for X =1—Z and Y = zdZ, we get

[1-Z—zadz] ™' = [1-2]7" + i ([I-Z}%dZ)h[I—Z]l



Suppose, now, that  — 0. Then, in the limit, all characteristic roots of [I — Z]flde clearly
satisfy lim,_,o+ |p| < 1. We moreover obtain

o0

tE (r o)

Thus, expression (43) is nothing but the partial derivative rule for an inverse matrix [I — Z]~1.
Proof of part 2. Applying Sherman and Morrison (1950) twice, first for X = I — Z’ with

Z' =7+ 2zl y = —yzp, u= (u1 = 0,ug = 0,...,u; = L,upyr = 0,up, =0), and v = (v1 =
0,v2 =0,...,vy = 1,u141 = 0,v, = 0), we get

-1 -1 -1 Yzki -1
-2yt = (2] - 2] o - 2)
- kl -
Next, for X =1-7Z, s = —xz;, u = (u1 = 0,us = 0,...,u; = 1,uj41 = 0,u, = 0), and
v=(v1=002=0,..,v =1,v41 = 0,0, =0), to get
1 T2 1 -1
1 — 25> 57, Zji
YZkl
* (I + 1 o0 [h] TZijYZkl [h]
TV L h=0 Ak T, s T 2h=0? AV
J
-1 X2 -1 -1
|12 2] Myl )
1 — 2253 57 Zji
Reordering and simplifying, we get
-1 a:zz“(l—kaz Zﬁ“i Z[h]) -1 -1
— gt PR gy iy g
a1 — 225 5200 21 _ _
Y kl( 1] Zh—O ji ) [I . Z] 1Ik1 [I _ Z] 1
(0
TZiiYZz _
+wykl<z -z '1-z +Zzl g [1- 7] 1)
¥ h=0
where
oo oo
— (1 — 22 Py — [h] (1] 50
(1= w2y )2 ) (L= yz Y ) szakalZZzz Z%k (50)
h=0 h=0

Expression (44) follows immediately after a final sorting step.
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Proof of part 3. Applying (46) for X =1, Y = —Z, U = I, and V = I;, we get

-1
-1
[I — IxiZIyi] = I+14 |:I — ZIinyi:| ZIyi (51)

-1
= I+14 [I— Z — Z(x—l—y—i—xy)li} Z1y;
Applying (46) again, this time for X =1—-2Z,Y =1I;, U = —Z(z + y + 2y)L;, and V = I, we get
-t 1 1
[I—Z—Z(m+y+xy)1i] = [I-Z] "+ [1-2Z] "Z(z+y+wy) (52)
1

-1
« I [I ~LI-Z] ' Z@+y+ a?y)Ii} LI-Z]"

where we have made use of the fact that I; is idempotent, i.e., I; = I;I;. Finally, we can write

-1
- 1
I; [I ~LI-Z) 'Z(z+y+ $y)1i} L = I (53)

11—, zgd (x+y+ zy)

where "7 zg"} denotes element 74 of matrix Z[I — Z]~!. Hence, combining (51)-(53), we obtain

the desired expression (45).
For the special case of = y = —1, i.e., the total isolation of a country, the combination of
(51)-(53) yields the simpler expression

-1 ~1 1 -1 -1
h=0 “ii
since
-1 -1 -1 1 -1
I-1,Z1;] " = I+1; ([I -z - [1-12Z] ZTZUF]L 1-2Z] >z1_i
h=0 ~ii
-1 -1 -1
= L+I54I-Z] 1;-[I-17] WL[I —Z)]
h=0 “ii

+ I4[I-Z) L+ L[I-2z]
1 1

oo A
h=0 %ii

1

- L+[1-27] 1-z] 'L[1-2]"

where, for the second line, we used I_;[I — Z]"1ZL; = I_;[I — Z]"'T; = [T — Z]71; - I; 3200, 27
and similar LI — 2] 7121 = LI - Z] 1 =LI-Z ' -LY0 20 m

Expanding on the identity of Sherman and Morrison (1950), one can furthermore trace back
an arbitrary large shock to any number of elements of an inverse matrix in a sequence of k > 1
functional mappings:

Let X be an invertible square matrix. Moreover, let I; j, be a square matrix of the same di-

49



mension with a one in entry isjs and zero everywhere else, and let x; € R. Define the endomorphic
function

fij (X71) = X1 44, X X

with a scalar y;,;, which is the output of the function y; ;, = g(z, X1 Ii.;.). We can then write

k
[I -Z- Z$insjs] = £y <fik1.ik1 (fik—zjk—z ("'fil.il([I - Z]_l)))>
s=1

whereby, at any step s > 1, fi j, can be written in the form

fig (I-2Z]7) =0-Z] 7' + [1-Z] "Y1 - 2]
with the matrix Y given by Ys = 25,3 ¢ cco(s) 2ot;eCs(s) Lieds;» Where Ce(s) (Ci(s)) denotes
the set of exporter (importer) countries involved in any link up until step s and the scalar z;_;,
is the output of the function z;,;, = h((xt)t:h“,s, -zt (Iitjt)tzl,‘..,s)-

A.4 Properties of the diffusion model

We first describe some basic properties of diffusion model (7) and, subsequently, turn to the proof
of Lemma 1. The vector of local demand effects, dld, satisfies:

Lemma 7. It is 1T 6" =0 for any dT.

Proof. Note first that the sum of the market access effects cancels against the sum of the import
competition effects, since

1T [ModT] (ef +€') = (ef +e)T [T o(dT)"]1

Concerning the productivity effects, we get
(1—)17T ((Xf + XY dIn(p) - (Ef + EH 11T dln(f)))
= (1-+)17T ((Xf + X1 — (Ef + E} HT> dIn(p)
= (1-9)17T ((Xf +xh) — (xF+ Xi)>dln(f))

because in equilibrium it holds (Xf 4+ Xi) 1 = TI(Ef + E) 1. For the same reason, the offshoring
effects cancel against each other as well. O

The diffusion channels of model (7) satisfy the following properties:
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Lemma 8. The supply chain exposure matrices and the terms of trade matriz are mean preserving
transformations. That is, for

Zc {@de ; LW (&% —I)[E']" 1 ; LW [LW}l} it holds 172 =17T.

The foreign trade multiplier is mean amplifying. That is
1TLw Uit g~ > 1T
where 1?; is a row vector of ones with a zero in element i*.

Proof. Concerning ®9¢, the identity follows immediately from the elementary identity in (11).
Concerning ®5¢ and ®°°%, all we need is to note that 1TLW (®%° — I)[Ei] ! and 1TLW ®*°t [LW] !
are the transposes of [LW] 7114 = 1.

Concerning ®™U note that by Lemma 5 it is 1T (014/9(Lw)) = 1T. Hence, set ¢ = 1,
consider an arbitrary reference country i*, and define y = max{0dl% /9(l;w;) | 7 € N'\{i*}}, which
by A2 satisfies 0 < y < 1. Then

1

TPt > aF b (- gf 40y - = 1l

The claim immediately follows from 0 < y < 1. O

Proof of Lemma 1: The lemma is an application of Hulten (1978)’s theorem. In the termi-
nology of our model (7), just note that the total income effect can be written as

1TIWdIn(u) = 1TLWdIn(w) — 1T (quﬁe oP + LW(I'tOtdln(w))
= —-1T(Ef +E) 6P

whereby the second line follows from Lemma 8 in combination with the equilibrium relationship
Ef =LW. B

A.5 Local shocks
Proof of Proposition 2 Part 1. Suppose that A =1 in diffusion model (7). The wage

effect of a unilateral export cost reduction is then given by

din(w) = (y—1)@mutLw]?! (x’:J - mijf)

where X{i = (0,0, ...,:L‘Z]-;-,O, ..., 0)T and fo = (x{j,mgj, ...,a:f;-,xfﬂj, ...,:L'ij)T.
Taking i as the reference country, i.e., i* = 4, and noting that @{““It has all its entries positive

(except for the zeros in row ¢ and column 7), we immediately arrive at dIn(wy) < 0 for all k # i.

Part 2. Keeping ¢ as the reference country, it immediately follows that dln(u;) > 0, because
the wages and, thus, the prices in any k # ¢ decline. Moreover, the average effect on the wages
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in k # i can be written as

Zlkwkdlnwk ] j + 2(5

k#i JF#i k;éz k#i

Making use of Lemma 5 Part (2.), this line can be written as

d
S hwpdin(wy) = > (1- a?z(l) (Ljwy) + Yok

ki i ki

Hence,

Zk zéld d
Zlkwkdln(wk) < 7z (1) < Z(Sé = - 2(7_1)7%]'77'@']'6;0

[ox maxjxi {5y} Wi

where the second inequality follows from Assumption A2. Thus,

Zlkwk dln(uk) < - Z(’y— 1)7Tkj7rij€§ + Wijej'c
ki ki

whereby the right-hand side is smaller zero, if v > (2 — m;;)/(1 — 7;;). W

Proof of Proposition 3. Suppose an arbitrary A in diffusion model (7). The claim holds,

when for at least one country k the wage effect of a unilateral export cost reduction dr;; = —27;;
is given by
din(wg) — dIn(w;) = > of dyli > 0
leN

whereby we treat exporter i as the reference country, i.e., dln(w;) = 0, and where

e d
dilf = Y e oh,

meN

denotes the direct labor demand effect of the export cost reduction.

In Part (i), we verify in three steps that the inequality holds for Part (i) of the proposition,
when A;, Aj, and 7;; satisfy the conditions in (54), (55), (61), and (62).

In Part (ii), we verify in three steps that the inequality holds for Part (ii) of the proposition,
when \;, m; for all 1 € N, and Ay for all I € Nj U Np\{j,k} = {N\{j, k} | mjy > 0 or mx; > 0}
satisfy the conditions in (58), (59), (60), (61), and (62).

Finally, in Part (iii), we show that in either one of the above cases it also holds ﬁ > 2w d In(u;) >
0 and dlIn(u;) < 0.

(Part ia) The direct demand effect is positive in k. By Lemmas 7 and 8 (Appendix

A.4), there must be at least one [ with dijlld > 0 (except for in the knife edge case, where all
dijlf = 0 and where the claim, thus, holds with weak equality, i.e., dwy — dw; > 0).
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The question is which this country is? Suppose that \; is sufficiently large (i.e., country j is
a conventional open economy). The local demand effects (8) are, then, approximately given by

d .

o —el = (v =1 —my)miy(e] +€))
d .

o ¢ = —(y=Dmymy(e] +e)

for I € N'\{i}, where ¢/ and ef are all arbitrarily small, because 5%‘1 and 6lld monotonically converge
to the right-hand side expressions as A; — 1 (there are no productivity effects).
Since v > 1, 0 < m; < 1, and 0 < 15 < 1, it immediately follows that

§>0 and &' <0 (54)

Suppose, now, that A; is sufficiently small in addition. Then, ¢‘i1f becomes arbitrarily small
for all I € N, and so does the direct labor demand effect in country i. Hence, by Lemmas 7 and
8, there must be at least one k # ¢, with 7g; > 0, such that

dijle >0 (55)

(ib) The direct demand effects are arbitrarily small for [ ¢ {i,k}. Denote by
di;In(1%) the smallest direct labor demand effect (in logarithms), i.e.,

dijIn(l?) = min{dijln(lld)\lgé{i,k}}

which by Lemmas 7 and 8 satisfies d;; In(I?) < 0. The claim follows immediately from the fact
that, when m; — 0 for I ¢ {i,k} and m; — 71% > 0 (and m; — 7T2j > 0), then it holds
lim d;; In(1%) = 0.4

(ic) Country k’s trade multiplier is bounded from below. Denote by

d dIn(1¢)

lkk’ = ——
0 1n(wy)

the own price elasticity of k’s labor demand, which by Lemma 5 Part (1.) (Appendix A.2) satisfies

l,‘jk < 1. Moreover, denote by Lfi the smallest cross price elasticity of country I’s labor demand

with respect to the wage in country ¢, i.e,

n d
lﬁ-:min{m |l6/\/\{i,k‘}}

YA positive 7; poses no problem, because of the positive local effect in country i (dij(s,éd > 0). A
positive 7y, poses no problem, because the direct demand effect is positive in k (d;;I¢ > 0), and thus if
any | € M\{4, k} sells to k then this sale implies a positive demand effect for I.
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which by Assumption A2 satisfies ﬁii > 0. Applying Lemma 5 Part (1.), again, the wage effect in
country k is bounded from below by

din(w) > cdyn@) + ;(<<<—1>+lzk)dijln<zz> " (1—zzk>dmln<zd>)
+ gl D) (€ D+ i) dynd) + (1= 1h) dy i) )

b (=) (€~ 1)+ 1~ 1) diy In(1?)

I

b G- 0+ ) (- 1+ (¢~ 1+ ) d

Iy

#(1= ) dyin@®) + (1= 1) (€~ 1)+ 1~ 1) dy )
1 2
+ G- (=D +1- 1) dy @) + .
since the right-hand side is the wage effect in country k, given that the direct effects in all other
countries | € N'\{4, k} are at their minimum: d;; In(I) = d;; In(19).
The claim follows immediately from the fact that for any ¢ > 3, the inequality simplifies to

1 1
7dij ln(lg) + 7dij ln(Ld) > 0 (56)

dln(wg) >
1— ll(ik llz

where the final inequality follows from steps (i) and (ii) of the proof.

(Part iia) The direct demand effect is negative for exporter i. Suppose that for
all | € Nj\{k} = {NM\{j,k}|mj; > 0} and all I € Ny, = {N\{k} |7 > 0} it holds that X is
sufficiently large. The local demand effects (8) are, then, approximately given by

(Sfd — 6? = <(’7 — 1)(1 — 7Tij) + (’Y — 1) (dln(pj)ﬂjj =+ dln(pk)ﬂkj) — (5 — 1)dln(pj)>7rij (65 + 6;)

+ <(7 — 1) (dIn(pj)mjk + dn(pr)mir) — (B — 1)dln(pk)>77ik (ef +¢})

+ ("}/ — 1) Z <d ln(pj)ﬂ'jl + dln(pk)ﬂ'kl>ﬂ'il (elf + e}) (57)
1¢{j,k}
o — el = ( — (v=Dmy + (v = 1)(dIn(p)my; + dIn(pr)meg) — (8- 1)d1n(Pj))7fjj (ef +¢})

+ (6= Dmm + dipma) — (6= D) )m(ef + e}

+ (B=)(e] +ed)dnlp) + (v—-1) > (dln@j)wﬂ +d1n<pk>7rkl>7rﬂ(e{ +e})
1¢{5,k}
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A (w — 1)(dIn(p;)my; + dln(pe)mg) — (8 - 1>d1n<pj>)mj(e;‘ + i)
+ (6= Dmm+ dipma) - (6= D) )mue(ef + i)

+ (B- 7)( £ + ez)dln(pk) + (y—-1) Z <dln(pj)7rjl + dln(pk)ﬂ'kl> Thi (elf + ef)
1g{5,k}

o0~ = < = (v=Dmy + (v — Ddn(pj)mj; — (8- 1)d1n(pj))7rlj (e +¢b)
+ ((fy — 1) (dIn(p;)mjk + dIn(pp)mrr) — (8 — 1)dln(pk))7rlk (e£ +e},)

+ (vy—1) Z <d In(pj)mjm + dln(pk)ﬂkm> Tim (ef; + efn))
m¢{jk}

for I € N\{4,7,k}, where €, e;l, ed, and € are all arbitrarily small and where

(1= )\j)
nip) + & — — _mi(L=Ay)
dln(p;) + € 1 — (L= Aj)mj;
Tik 1-— )\k)
din(pg) +ep = (dIn(py) + €))7 —](1( W

Suppose, in addition, that m;; is sufficiently large and A; sufficiently small. In particular,
suppose that

(v = DA = (A= X\j)mj;)

1-X))mi (=) gy
(’7 - B) + (ﬁ - 1))‘j + (’7 - 1)( (li)(lj—kgxk)ﬂ:k)) .

T >

(58)

Then, (5Zl«d < 0 and 5lld < 0. Moreover, when m; — 0, mp; — 0, and mpy, — 0 for all I # i,
' ¢ {i,3}, and 1" ¢ {i, j, k}, then

de _ ¢ _ N

© t 1*71'1'1'(1*)\1‘)
gl _ b mij (1= Aj) e

r 1—mj5(1 =)
g/f _ 673 _ k(1 = Ak) de
1 — (1 — Ag) Y

and country k’s and I’s access in country j become negligible in addition (7; — 0 and 7;; — 0
in (57)).
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Thus, an upper bound for the direct labor demand effect of exporter i is given by

e d
digli = ) &0

leN
¢de(e +6) 2
S oA [0 D= G A - - D (59
(V 5) ( )7%
T ﬁmd%+wwkw—)1_2§?fM)—<w—ng_ﬂgg_Aw+dm@ﬂmm
ik (1 — M) A, d1n(py)
—%B—Ul_gﬂlfM)—(v—ﬂl_ZMOwa

which is smaller zero, when m;; and 7;;, satisfy the additional requirements

oo =)= (0= N)m)?

N (v =D+ (v = BN (1 = N)

4 a0 = DA = @ = Ap)mwr) — (v~ 1)1 — Ae)® = (8= DAL= \g)
Tk > dln(py) (=) (1= B) + (B — M)

(60)

(iib) The direct demand effects are positive in either j or k£ and arbitrarily small
for all [ ¢ {i,j, k}. Note that, since 6! < 0 and 0/ < 0, it must either be 57 >0 or 6 > 0.
This, however, also implies that, when 7p; — 0 and m, — 0 for all I ¢ {4, 5} and 1" ¢ {i,j,k}
then it must either be dl-jl;l > 0 or d;;I¢ > 0. Moreover, when mym — 0 for all I’ € Ny, U {i} then

it also holds lim d;; In(l%) = 0.

(iic) Importer j’s trade multiplier is bounded from below. The proof is analogous
to Part (ic).

Part (iii) Keeping i as the reference country, the real income effect in i can be written as

dIn(u;) — = — > ¢l dln(w)
11

regardless of the scenario (i) or (ii), where €}' is arbitrarily small, because lim ¢3¢ = 0, when either
Aj = lor A\ —1lor )\, —1fork €N

By Part (ic) of the proof, a negative dln(w;) is bounded from below by d;; In(1)?/I%, and a
positive dIn(w;) by the right-hand side of inequality (56). Hence,

dn(u;) < ¢f0t< i dijIn(1%) + dm In(l > > ¢ijL di;In(1%)  (61)
B l ll 1¢{i,k} lz
i d 1 d
< 0 (62)
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where the second inequality follows from the elementary identity in (11), implying that the terms
of trade matriz satisfies ®%°*1 = 1. Thus, dIn(u;) < 0 by steps (i) and (ii) in Part 1 of the proof.
Finally, because the average welfare effect must be positive (Lemma 1 Appendix A.4), we also
get Dy dIn(ug) >0. W

Example 1. A linear supply chain.

A unilateral export cost reduction between countries

itand i+ 1, 1 < ¢ < n, has the following direct demand effect:

1
0
Hde 51*1 _
0
0
where

Simplifying, we get

1-X [I2,

(1 - )‘s)

A Aa(l— )

* (1-5)

Ait1

HZ:Q(l - )\S)
Ao [Teg(1 = As)

Air1 (1= Aiv2) o Aipr [Toip0(1 = As)

An
0

_7Ti,i+1(€zf+1 + el 1)dIn(pis1)

Tip1d(Bis1) — Tit1iva(elyy + €hiy)dIn(fiso)

TndIn(py,)

mije1 =1 for1<j<n,

i
Tj = €41

forl <j<n, xn:Ze;,

JjEN

e’izO, eézZeg forl<j<nmn,

J

_ 0
dIn(p;) = { e,
s=i+1

Hde 51*1

ef = )\jxj

k<j

(B-1)

o7

el (1+ dInn)

forl<j<n, e{:xl , and

for j <14

(1 —Xs) otherwise

ezf_H dIn(py)

el dIn(py)



where we have made use of the fact that

widIn(p;) — i 42(elyy + €y)dIn(pi) = 0

fori < j <n.
To arrive at the net wage effect, multiply the direct effects with the following trade multiplier

ap = LS ()

h=0
where
e1 eg efl
s~ e d
T o,
o o

and where Z1 = 1.4 Hence, we get

1(. s 1 R
@;1‘“1" = B{I—l + 7 Z—l} [Ef]_l

ejv/Tn,

41The trade multiplier follows from the general formula (39), setting ¢ = 8 and considering that in a
linear supply chain it holds
d1n(19)
Oln(w)

= =T+ W] e (5 (x4 x) FEE)

a1
+(1-5 HE‘HTaln + OE'
a1n(

= (1-/8)1+ [LW]I@de((ﬂl)ngllzéz)) + HEf)
= (1-B1 + BZ

where, in line one, we make use of the fact that in a linear supply chain the sales shares are fixed at
mji+1 =1for 1 <j<mn (ie., it is as if ¥ = 1). For line two, we use the identity

- iOln(p) B iy 9In(P)
(B-1DX dln(w) (1-AIE Oln(w)
and, for line three,
d1n(p)
£ £
0ln(w) IE

which is, again, (only) valid for the linear supply chain looked at here.
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Taking exporter ¢ as the reference country, the net wage effect in j is thus given by

” g;} (el + andln(p,)) forj<i
n(wy) = [; fl(e + zn dIn(pn)) otherwise
el
0 forj <14
(1—-75)/B otherwise
where line two follows from the identities @, dIn(p,) = —e€.,; and e ; = e + elf.

To arrive at the real income effect, make repeated use of the alternative expressions for ef

and eé- and the identities

n ef n ei.
o=y I a-x) =% and o = [J0-2) = 2
s=j+1 " s=j "
to get
Ly i1 for 7 <1
dn(uj) = ﬂ Ban I =
Bl;i otherwise

Proof of Proposition 4. Under a uniform-elasticity specification (8 = +), the Leontief
inverse in (10) can be written in terms of exogenous parameters only. Specifically, we can write

P 1I-TOI-A) T PHY = I-MT (K
= [1-2Z]*
where M denotes the diagonal matrix of total factor productivities, M = (u;);en, T the trade

cost matrix, and K! the diagonal matrix of intermediate input productivities, KI = (k )ZGN
Similar, the Ghosh inverse in (12) can be written as

(P (- AP — - (KT
= [1-z7)1

By Lemma 6 Part (2.), the effect of an inframarginal increase of the matrix coefficients z;;
and zp;, at rates x > 0 and y > 0 respectively, is given by

diji (1 217'2) — dy(1-2]7'2) — di([1—2]7'2)
= dij+kj [I - Z]_l - dij [I - Z]_l - dkj [I — Z]_l

-1( Tz Yzkj Tz Yzkj -1
= [1-2 < LTy + —L Ly — —2Iy —JIk-> I1-7Z (63)
[ ] ¢Z]+l€] ,(/}’Lj-f—kj Q;Z)ZJ ) kj ) [ ]
Q7[)13 ¢Z]+k] — sz)k] 'QZ)ZJ—&—k:] _1
= M UM Q. (I-Z)71Z) + 5L YU g (I -Z]71Z
%Mﬁk; ([ ] ) wkﬂng—i-kg ([ ] )

Line two follows from the fact that a shock to the coefficient matrix does not affect the first
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summand in the Neumann series corresponding to the matrix inverses. Line two applies Lemma
6 Part (2.) for the special case of [ = j. Line three is nothing but a simplification step, whereby
Assumption A2 implies that the scale factors satisfy 1;; —;jr; > 0 and 9g; — ;445 > 0. Thus,
we arrive at the conclusion that the Leontief and Ghosh inverses are supermodular.

It remains to be seen that, for a ‘positive spillover’ link ij as defined in Proposition 3 Part
(i), the wage externality of dy;([I — Z]~'Z) is positive, i.e., d;jIn(wg) > 0. Furthermore, when
M is sufficiently large it follows from Proposition 2 that 0In(I{)/d1n(7;) > 0. We can, thus,
apply the arguments of Proposition 3 Part (a) to arrive at dj; In(wy) > 0. Combined with (63),
we finally arrive at the conclusion that also the labor demand functions are supermodular, i.e., it
holds dij+kjln(wk) > dz‘j ln(wk) + dkj ln(wk). |

A.6 A global shock
Proof of Proposition 5: Suppose that A =1 in diffusion model (7). A global trade cost

reduction dT = —zT materializes in the following vectors of local effects
6 = [MTo(dIn(T)"]1 = =1
s = (y-1) <[Hod1n(T)] ef — ITef [II" o (dIn(T))7] 1> =0 (64)

Thus, dln(w) =0 and dIn(u) =z1. &
Example 4. When 8 = 0 the wage effects of a global trade cost reduction, dT = —xT, are
given by

0In(19)
O0ln(w)

din(w) = [LW] 1@ Zdn(p) + dIn(w)

where Z is defined as
Z = 7<H(Ef+Ei)HT — Xf+Xi> + (1‘[ (Ef +EY) — H(Ef+Ei)HT>

By inspection of the Jacobian matrix in (25), combined with the identity

oln(p) _ op)
T = A+ - AT
= Ef - EfHTaallrrll((vI?/)) N (Ef+Ei)<§112(("r‘)’)) ) HTSIIE((&D
it also is
n d g :
ginﬁivi - I+ [LW]I‘I’dezglln((vz))
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where moreover

J01In(p)

dln(p) = —= 9 1n(w) (I-A)A] 1
Thus, we get
[LW] l@de 7 211;1((5)) din(w) = z[LW] '@z 2112((?) (I—A)[A] 1

Suppose, now, that Z is invertible. Then, because [LW]~!, ®¢ and 91n(p)/0In(w) are all
invertible as well (see their definitions), we get

din(w) = z(I-A)A]™1
or, after making use of the property ®*°t(I — A)[A]~! = ®°¢ — I, in real income terms,
din(u) = 2®%°1 4+ 2(I-A)A]'1 — z®*°YT - A)[A] 11

= 21 + z(I-A)A]'1 — z(®% -1)1
= z[A]™11

A.7 Key trading partners

To derive Formula (20), let us first spell out the impact of isolating country ¢ on the Leontief
inverse (10), which for the special case of 5 = v is given by

I-MT (K] 'MT! =[1-Y] 12z (65)

where M denotes the diagonal matrix of total factor productivities, (u;) € R™*", T the trade cost
matrix, and K the diagonal matrix of intermediate goods productivities. Making use of Lemma
6 Part (3.) (in particular, the expression given in the proof), the fact that I; is an idempotent
matrix, i.e., I; = LI;, and the identity LI — Y] 'L = >3, yl[f] I;, where >~77 yl[?] denotes entry
ii of matrix [I — Y]~1, the impact is given by

d_;[I— Y}ilz = —(1-7) <[I _ I—iYI—i]ill_iZI_i - Y]1Z> (66)
ML[I - Y]flzl,i + (1 —9)[I— Y]*lin
h=0 Yii

Going from here to the price and labor demand effects, note that when 8 = 7 the column
vector of producer prices can be explicitly solved for by

= (1-yI-Y™*

pl—'y — (Kl)'ywl—fy + YTpl—ﬂ/
e p'7 = [I-YTYKY wi (67)

Hence, applying (66) and (65) onto the vector of consumer prices, (pf)!=" = ZT p'~, and

61



making use of the fact that
d(ZTI-YT'K'w!'™) = (d4I-Y]'Z)T K'w'™ + &t°tdin(w)
we arrive at the following price effect
_ 1
dIn(pf) = (I—iHT [I-(1- A7) 1T[h]li [I— (- A
h=0 Yii
+LITT[I— (I- AT ‘1> A + ®totdIn(w)

= L") [@- A)HT]“;W( LY [(I-AO™" 4+ I; ))\
h=0 h=0 Yii

h=1

-1

ctr. i’s
intermediated value added value added

+1; + ®*°tdIn(w)

where, in line three, we decompose the term in line one into the channels (i) and (ii) of For-
mula (20) and, in line four, we make use of the homotheticity of consumer prices, implying that
T [I—(I- A7) A =1. The resulting expression I;1 = 1; is eventually omitted from For-
mula (20), because (a) we ignore the welfare effects in the isolated country ¢ itself and (b) we
ignore the relaxed import competition in country ¢, since no other country j # ¢ is going to sell
in ¢ anyhow.

Finally, applying (65) and (66) onto the labor demand equation (10), we find a wage effect of

din(w) = (1—n) &N [ - A)]"
h=0
*{ — [h]IZ "1 Lw + TOLLw

h=0 Yii = ctr ¢’s demand

intermediated demand

LWL (d In(pf) — ¢>t°tdln(W)>]

productivity losses and
softer import competition

whereby the different summands are nothing but channels (iii)-(vi) of Formula (20).

Proof of Proposition 6 Starting from diffusion model (7), the wage and price effects of a
(partial) isolation of a country, i.e., d_iT = z(I;T + TI;), 0 <z <1, can for § = v be written
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as:

d_jln(w) = (1—~)@multgde [[1‘[ od_;In(T)] (ef +e') - II(Ef + E') 67
Foregone local (iii) and Softer import
intermediated demand (iv) competition (v+4vi)
+ ( mE +E) - o(E" + EHIIT >(I—A) Ppse 5?]
————
Productivity losses (i+ii) Rivals’ productivity losses (v+vi)
d_jln(p") = P56  + 't dln(w)

Foregone value

added (i-+ii)

where
6 = [MTo(dIn(T))"] A + [T o (diIn(T))T] (1 - N)
local value added (i) intermediated‘\:alue added (ii)

and where the different channels are enumerated according to the distinction in Formula (20).
Hence, isolating one country after the other from the rest and summing up the effects gives

Y [Mod iln(T)] = 22II
ieN

that is, we emulate the welfare effects of a global trade cost increase. In contrast, if we only sum
up the local channels, we get d'°In(u) with

d°®ln(w) = (1—~) ®mult de [[H odIn(T)] ef + II(Ef +E')(I - A) ®5° §'o°
~II(Ef + EY) <5l°C + IMT(I—A) > 5“’0)]
dloc ln(fjf) _ (I)se(sloc + (I,tot dloc ln(w)

and where IT o dIn(T) = 22 IT and §'°¢ = 2 TITX. Hence, to round up the proof, it remains to
be seen that

Ppse 6loc — (sloc + HT(I _ A) Ppse 5loc - 221
which is an immediate consequence of the elementary identity (11). We get
dlec In(w) = 2z(1-—7) <I’inimlt pde H(ef + ei) — H(ef + ei) =0
d°cln(pf) = 2z1

which was to be shown. B
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Figure 5: Key Players by Nation

(a) Key Players
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(b) Key Players in terms of local value added and final demand
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NotEs: The upper (lower) panel shows, for each country in our 2011 dataset, its most important trade
partner (contributor of local value added and local market access). Underlying the figure is a 1% trade cost
increase on all of a country’s in- and outgoing trade links, dTi_“i" = .01(I; T + TIL), and, in case of the
lower panel, an isolation of the local welfare channels highlighted in Formula (20).
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A.8 Generalization

Here, we extend on the simple ‘diffusion model’ (7) from the main text by deriving a more
general version for a world economy with an arbitrary number of products. So, suppose there are
s different sectors, indexed by s € S = {1, ..., s}, that each produce one product either used for
consumption or production.

Preferences: As in the basic model, consumers have CES preferences and they maximize the
following nested function

gt
gf—1 8f—
maxu; = <Z fiff(qff) gf > 1

seS
-1\ 7=
where for t = f ' = (Z(qjsf) b >
JEN
subject to Z Z qjslfpj{ <
SES jEN

where qff denotes the CES aggregator for sector-s varieties from different nations, 57 the con-
sumer elasticity of product substitution, 5f > 0, 87 # 1, and +* measures the elasticity of
variety substitution (in an Armington interpretation of the model), respectively the shape of the
productivity distribution (in an Eaton & Kortum interpretation), whereby in either case v > 1.

Utility maximization leads to the matrix of consumer expenditures Ef € R"*"_ with elements
given by

sf\pf /1 sfy1—pBf
esf o )\sfw o (K' )B (pj ) A
. = Jw; =
’ ’ (p))-r!

for all rows i, € N.

Technologies: In order to ship qut units to a sector-u buyer in country k, u € SU{f}, k € N,
the sector-s producers in country 7 purchase inputs so that

min =t + 323 ol
teS jeN

s

S / 3571 ‘ Bs-1
K,/ZS zS BS + E l‘i S S
teS

zk

subject to e < fi'

where ¢!* denotes the CES aggregator for sector-t varieties (presented above), 3% the sector-s
elasticity of factor substitution, 8° > 0, 8° # 1, and 7}* € [1,00] a country- and sector-pair
specific trade cost.

Cost minimization leads to the matrix of intermediate input expenditures E € R™*™ and
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the column vector of labor costs e! € R™*1 with elements

t\pt (st \1—Bt
(5)7 (p5")

t N S A
Ti, € = ANjT; = x

where xz measures the total output of all sector-¢ firms in country j (in values).

Market structure: Just as in the simpler model, competition is perfect in each market and
all markets clear. For the product markets, this means that a sector-t buyer in country j pays
pfjt = pfrfjt for a sector-s output from country ¢. Moreover, a typical producer sells qut units so

that >, cq o Zje N qut = f7. The matrix of expenditure shares on product varieties is, thus,
given by IT € R™*"s for producers and IIf € R™*" for consumers, with elements given by

P v

" (psh)t=7"
J

for t € SU{f}. In the labor markets, perfect competition and market clearing implies

liwi = Yoo D e =) M

SESEESU{f} JEN s€S

which closes the model. Totally differentiating the above identities leads to the following system
of equations describing how an arbitrary trade cost shock diffuses to all nations:

Definition 3. The welfare effects of an arbitrary, but small, trade cost shock dIn(T) = (dln(v-ff)) €

R™XMS in any country i are given by

dln(w) — q)glult (AIS + Z((ﬁtS)de)éls
seS tes
dln(pf) = ®*°od® + ) (@) dIn(w)
teS
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where the local price and demand effects are given by*>

0P = (din(T)T1
—_————

Supplier access

= Y -)[Itodin(T)] et — 3 (1) I ES ()T o (dIn(T)*)T] 1
teSU{f} teSU{f}
Market access Import competition
Y A-)XTAmBT) - Y (1 -9 IEET (I T dIn(5)
teSU{s} teSU{f}
Ezxporter’s productivity Competitors’ productivity
- ( > (1-p)X*dIn(Et) + (1—ﬂf)HSfESfdln(ﬁf)> + Y (- TRt dIn()
teSU{f} teSU{f}
Ezporter’s offshoring Importer’s offshoring

with Y g 0" = 0 and where Z3% denotes the submatriz containing only the s-rows and t- columns
of an arbitrary matriz Z, A the diagonal matriz corresponding to vector A\, and where the
diffusion of the local effects is determined by the matrices

o0
Upstream exposure: D¢ = Z AT o HT
o
Donwstream exposure: — (®54)d¢ = ABSTIStASt 4 Als [T1° o A®] Z [TIoA| b [TT° o A*]
h=0

Terms of trade multiplier: (@)% = P Alt

and where the trade multiplier q);’*’“lt is the same as in (39), but with

aln(ld) _ Z(l _ /Bs) [LW]flAls Z Xt + [LW] -1 Z (Als + Z(q)tS)de)

Bln(w) ses teSU{f} seS teS
n(d n =st
+ < Z (ﬁ )Xst o1 ( )) Z (5t _ ’yS)HStESt (ZIIH((I:N))

teSU{f} teSU{f}

In(w
f_ sf sfaln( f) sf sf)
+  B-)ITE ) T IE

42The expressions for the importer’s offshoring and the exporter’s offshoring follow from the partial
derivatives of the cost shares,

dXT = (1-B)A™dIn(E) — (1-5)A" dIn(p")
dx*f = (1-p")ATdn(pT) — (1-BNAT dIn(p")
dA\* = —(1-pH)A"*dIn(p*)

in combination with the expansion trick developed in Appendix A.2.
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and the price effects given by

din(p®) = [(A®)T o (I1%)T] i [AT o TIT]" o (dIn(T))T 1
h=0
din(p*) = [(I**)T o (dIn(T)*)T] 1 + (IT°*)T d In(p®)
gllrrll(;zj)) _ Als + [(AS)T o (HS)T] i [AT o HT] hAl
h=0
Oln(p™) o1 9n(p%)
Oln(w) =) O0ln(w)

with Y .cg A%t d In(p*) = d In(p*).

Hence, the general model inherits all the network properties of the simpler setting. First, a
local trade cost shock dln TZ? > 0 will diffuse up- and downstream to the buyers and suppliers
of the immediately affected sector-countries, with a labor demand externality that might even
exceed the exporter’s and importer’s own demand effects when )\és and/or )\ét is sufficiently small
(Proposition 3). Second, the welfare effects of a global trade cost shock, dT = zT, are crucially
dependent on a country’s upstream exposure, which is typically in a country’s advantage. This
is unambiguously the case under, for example, the Eaton & Kortum specification with ¢ = 1,
)\jt = /\jit/, and )\é»t = )\?,l for all j, 7" € N and s,t,s',t' € SU{f}, in which case dIn(u) = x®5°1.
Third, the intermediation capacities of a country’s trading partners are a crucial determinant
of its supply chain exposure, and even its sole determinant when * = 3¢ for all s,t € SU {f}
(Proposition 6).
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