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Robert C. Feenstra*

The rise in exports from China has been one of the most sig-
nificant events in international trade in recent decades. This trend
has accelerated since that country’s entry into the World Trade
Organization (WTO) in 2001. Even before that date, by a vote of
the U.S. Congress China received the low-tariff, most-favored-nation
status associated with WTO membership each year. But with WTO
membership, Chinese firms experienced a reduction in the uncertainty
associated with the outcome of that vote. This contributed impor-
tantly to the surge in exports to the United States, according to stud-
ies by Justin Pierce and Peter Schott and by Kyle Handley and Nuno
Limao; their hypothesis is supported by empirical work by Ling Feng,
Zhiyuan Li, and Deborah Swenson.! Pierce and Schott observe that
the surge in Chinese exports to the United States coincides with a
substantial decline in U.S. manufacturing employment. Handley and
Limao find that the welfare gain for consumers due to this increase
in Chinese imports is of the same order of magnitude as the U.S. gain
from new imports in the preceding decade. These initial findings high-
light the dual role that Chinese imports play for the United States: on
the one hand, they create import competition with associated labor-
market dislocation; on the other, they benefit U.S. consumers.

The first of these roles is explored in a series of papers by David
Autor, David Dorn, and Gordon Hanson.? They analyze the impact
of Chinese import competition between 1990 and 2007 on local U.S.
labor markets, exploiting geographic differences in import exposure
that are due to initial differences in industry specialization. Higher
exposure increases unemployment, lowers labor force participation,

*Feenstra is director of the NBER's International Trade and Investment
Program. He is C. Bryan Cameron Distinguished Chair in International
Economics at the University of California, Davis.
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and reduces wages. [See Figure 1, at right] At
the aggregate level, a conservative estimate
is that the import surge accounts for one-
quarter of the decline in U.S. manufacturing
employment. The regional concentration in
the decline in manufacturing employment is
inconsistent with some alternative explana-
tions of this phenomenon, notably the pos-
sibility of a systemic technology shock.? The
trade effects on unemployment are confirmed
by examining worker-level evidence.* Most
recently, in joint work with Daron Acemoglu
and Brendan Price, these authors find that
the import surge from China also contributed
to unusually slow employment growth in the
United States following the global financial
crisis and the Great Recession.’

While these papers have explored the
impact of import competition from China,
they do not incorporate the consumer gains or
the export opportunities created by expanded
Chinese exports. The first attempt to put the
surge in Chinese exports into a general equi-
librium context is that of Lorenzo Caliendo,
Maximiliano Dvorkin, and Fernando Parro.¢
Their computable general equilibrium model
incorporates labor mobility frictions and
dislocation costs. They find that growing
Chinese import competition resulted in a 0.6
percentage point reduction in manufactur-
ing’s share of total employment, or approxi-
mately one million jobs lost, which is about
60 percent of the change in manufacturing
employment not explained by a secular trend.
At the same time, the China shock increased
U.S. welfare by 0.2 percent in the short run
and 6.7 percent in the long run, with very
heterogeneous effects across labor markets.
Despite the fact that employment impacts
and labor market dislocation are much stron-
ger in some areas, the consumer gains and
export opportunities mean that nearly all
regions experience net benefits from rising
Chinese imports.

This work has inspired much additional
research on the China shock. In the United
States, Avraham Ebenstein, Ann Harrison,
and Margaret McMillan analyze the impact
of globalization at the occupational level
and find that offshoring to low-wage coun-
tries and imports are both associated with
wage declines for U.S. workers, though
imports from China have a greater impact
than does offshoring.” In France, analysis

Global Supply Chains
THEGHINASHOCK and Wage Inequality
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in the International
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by James Harrigan, Ariell Reshef, and
Farid Toubal concludes that increased
polarization of the labor market is
associated more with technologi-
cal change than with imports from
China.® In Denmark, Wolfgang Keller
and Hale Utar find that import com-
petition from China is an important
cause of job polarization, with about
four times the impact of offshoring.”
They confirm a strong role for tech-
nical change and computerization in
leading to polarization, but find that
these factors cannot explain the rise
in low-wage employment up to the
early 2000s.

Felix Tintelnot develop a
method to analyze the out-
sourcing problem as though firms were
choosing a continuous rather than a dis-
crete outcome, and they apply it to firm-
level US. data.!® They study the impli-
cations of a hypothetical 100 percent
increase in China’s sourcing potential,
such as could be produced by a reduc-
tion in bilateral trade costs between the
US. and China. They find that such a
shock tends to create gains by decreas-
ing the equilibrium industry-level U.S.
price index, even while some U.S. final
goods producers exit the market. Other
US. firms choose to source from China as
a result of the shock, and these firms on
average also increase their input purchases

from the U.S. and other countries. Greater
sourcing by US. firms from China can
lead to enhanced demand for local inputs,
t00, as these firms grow.

In other work, Antras and Davin
Chor analyze offshoring using a
property-rights model of the firm.!!
They consider a continuum of pro-
duction stages, where at each stage a
final goods producer contracts with
a distinct supplier for a customized,
stage-specific component. They show
that the incentive to integrate sup-
pliers varies systematically with the
relative position — upstream ver-
sus downstream — at which the sup-
plier enters the production process
and that the nature of the relation-
ship between integration and “down-
streamness” depends crucially on the
elasticity of demand faced by the final
goods producer. Using the U.S. Census
Bureau’s Related Party Trade database,
they find empirical evidence broadly
supportive of these predictions. In
work with co-authors Laura Alfaro
and Paola Conconi, they provide fur-
ther evidence supporting this theory
of offshoring using data on the pro-
duction activities of firms operating
in more than 100 countries.!? These
papers build on work by Antras and
Chor with co-authors Thibault Fally
and Russell Hillberry which measures
the “upstreamness” of production and
trade flows.!? Fally and Hillberry fur-
ther build on these insights to provide
their own Coasian model of interna-
tional production chains.!*

The linkage of wage inequality
to global supply chains is studied in a

About the ITI Program

The International Trade and Investment (ITI) Program holds three regular meetings annually, in winter, spring, and at the
NBER Summer Institute. The ITI Program has about 60 research associates and 20 faculty research fellows with primary afhliation
to the group, and another 20 individuals with secondary affiliation. Research within the group covers a wide range of topics, such
as explaining patterns of international trade as well as foreign direct investment, and understanding the impact of trade policies.
This is in addition to topics covered by specialized conferences, the most recent of which was on “Globalization in an Age of Crisis:
Multilateral Economic Cooperation in the Twenty-First Century, held at the Bank of England September 15-16, 2011, proceed-
ings published in R. C. Feenstra and A. M. Taylor, eds., Globalization in an Age of Crisis, Chicago, IL: University of Chicago Press,
2014. That volume dealt with the aftermath of the global financial crisis and its lessons for multilateral cooperation. The last NBER
Reporter article on the I'TI program was in 2011; this article’s focus is on research during 2012-15.

NBER Reporter ¢ 2016 Number 1~ 3




theoretical model by Arnaud Costinot,
Jonathan Vogel, and Su Wang, who find
that the emergence of these chains has
opposite effects on wage inequality for
workers employed at the bottom and
the top of the chains, thereby gener-
ating wage inequality across sectors.!5
A more detailed, empirical examina-
tion of inequality in the United States,
which focuses on inequality between
groups of workers, such as those of
high and low skill, is done by Ariel
Burstein, Eduardo Morales, and Vogel
using an assignment framework with
many labor groups, equipment types,
and occupations.'® Elhanan Helpman,
Oleg  Itskhoki, Marc-Andreas
Muendler, and Stephen Redding drill
down further to examine inequality
across firms within sector and occupa-
tion for workers with similar observ-
able characteristics.!” Their model
allows for heterogeneity across firms
in the cost of screening workers and
in the fixed cost of exporting. They
show, using Brazilian data, that resid-
ual wage dispersion between firms is
related to firm employment size and
to participation in trade. Other work
linking the regional skill-premium in
Brazil to trade liberalization is pro-
vided by Rafael Dix-Carneiro and
Brian Kovak.!8

These papers rely on matching
models between heterogencous firms
or managers and heterogencous work-
ers with complementary abilities. This
type of model is developed by Gene
Grossman individually and in work
with Helpman and Philipp Kircher.!?
To study the implications for income
distribution, Grossman and Helpman
develop a dynamic growth model with
heterogeneous firms and workers.??
They find that a country with greater
innovation capacity grows faster in
autarky, but experiences greater
income inequality, than one with less
innovation capacity. Globalization
raises growth rates in all countries,
but it worsens the income distribution
because the more-able workers bene-
fit relatively more from the improved
matching with new technologies.

Sources of the Gains from Trade

The entry of China into the WTO
in 2001 is but one example — albeit a
very important one — of a reduction in
the trade costs between countries. But
surprisingly, the paper by Caliendo,
Dvorkin, and Parro cited previously
models the export surge from China
as arising from a positive technology
shock in that country rather than from
an effective U.S. tariff cut. That is also
the case for the research of Chang-Tai
Hsich and Ralph Ossa dealing with
the impact of Chinas export growth
on the rest of the world.?! The reason
that an effective tariff cut is not used in
the models is twofold. First, as noted,
the U.S. tariff cut received by China
when it entered the WTO in 2001 was
actually a reduction in the risk of hav-
ing non-WTO tariffs applied, since
most-favored-nation tariffs had been
approved in previous years.

Setting aside this issue, there is
a deeper reason why these papers do
not use a tariff cut to explain China’s
export surge. Suppose that we model
the Chinese economy and the rest of
world as being composed of heteroge-
neous firms with a Pareto distribution of
productivities competing under monop-
olistic competition, as in the widely used
Melitz-Chaney model.??> Then, let us
introduce an iceberg trade cost— the
assumption that trade costs rise with the
distance between as a proxy for border
costs. It turns out that a reduction in
the iceberg trade cost has no impact on
the entry of firms into the monopolis-
tically competitive sector. For this rea-
son, it would be difficult to calibrate the
large export surge from China as arising
from a reduction in trade costs alone.
Furthermore, in this setting, the gains
from trade resulting from a reduction
in trade costs are much the same as in
an Armington model, where the num-
ber of firms is fixed by assumption, or
as in a monopolistic competition model
with homogeneous firms. For these rea-
sons, Costas Arkolakis, Costinot, and
Andrés Rodriguez-Clare conclude that
new models such as these have not con-

tributed much, at least so far, to mea-
suring the welfare gains from trade.??
That conclusion led to a strong response
to the contrary by Marc Melitz and
Redding in “New Trade Models, New
Trade Implications.”?*

This debate has led to ongoing
research dealing with the gains from
trade. Melitz and Redding explore how
gains are affected when the distribu-
tion of firms’ productivities takes on a
truncated Pareto distribution, with an
upper-bound to the highest productivity
available. In that case, a change in trade
costs indeed leads to entries and exits by
firms that influence the gains from trade.
Melitz and Redding, and also Thomas
Chaney and Ossa, further consider a
model of sequential production, whereby
a reduction in trade costs feeds back into
domestic productivity, leading to greater
gains from trade.”> Ana Fernandes, Peter
Klenow, Sergii Meleshchuk, Martha
Denisse Pierola, and Rodriguez-Clare
use data from the World Bank’s Exporzer
Dynamics Database and conclude that
the productivity distribution cannot be
an unbounded Pareto.26

My own work extends the discus-
sion of truncated Pareto by allowing for
a wide range of preference beyond the
constant elasticity of substitution, called
the “quadratic mean of order »” prefer-
ences.”’ Again, entry by firms responds
to changes in trade costs. The average
markup charged by firms and the vari-
ety of goods available to consumers also
change. Therefore, increased trade has
positive pro-competitive and variety
effects. Using a truncated Pareto distri-
bution in this way avoids the result of
Arkolakis, Costinot, Dave Donaldson,
and Rodriguez-Clare, who also allow for
quite general preferences, but do not find
any positive, pro-competitive effect of
trade.?® David Weinstein and [ have mea-
sured the pro-competitive effect and the
positive impact of import variety for the
U.S. economy; we assume translog pref-
erences but do not restrict the distribu-
tion of productivities.?? An entirely new
specification of preferences that allows
for strong pro-competitive and variety
effects is proposed by Paolo Bertoletti,
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Federico Etro, and Ina Simonovska.3?
The welfare effects of changing mark-
ups and variety must take into account
the impact on domestic firms, too. Colin
Hottman, Redding, and Weinstein
document how markups differ in the
United States across firms of various
sizes, with only the largest firms show-
ing evidence of variable markups.3! For
Mexico, David Atkin, Benjamin Faber,
and Marco Gonzalez-Navarro document
how the arrival of foreign firms in the
retail sector created gains for consumers
by creating more competition and lower-
ing markups, as well as expanding vari-
ety.3? [See Figure 2.] They also find evi-
dence of store exit. Despite

A tariff is then equivalent to a tax on
costs and on profits. We find a quite pro-
nounced impact of the Uruguay Round
on firm entry, and therefore also on wel-
fare, due to the component of the tar-
iff that functions as an implicit tax on
profits.

The link between tariffs and the
profits of exporters is also apparent from
the empirical work of Jan De Loecker,
Pinelopi Goldberg, Khandelwal, and
Nina Pavenik, who focus on trade lib-
eralization in India.3® They find that
a reduction in output tariffs has the
expected pro-competitive effects, with
firms lowering their net-of-tariff prices.

is being undertaken by Kyle Bagwell,
Robert Staiger, and Ali Yurukoglu.3®
They have access to recently declassi-
fied data from rounds of GATT/WTO
tariff bargaining. These data give us an
unprecedented opportunity to exam-
ine the motivations for and results of
GATT/WTO rules, such as most-

favored-nation status and reciprocity.

The Gravity Equation and
Intranational Trade

An ongoing topic of research in the
ITI program is the gravity equation,
which explains trade between countries

based on their size and the dis-

this, the gains are on aver-
age positive for all income
groups but regressive, ben-
efitting those with higher
income more. A different
view of how the gains from
trade are distributed across
consumers and countries
of differing incomes is pre-
sented by Pablo Fajgelbaum
and Amit Khandelwal, who
use an Almost-Ideal Demand
system.?? They find that trade
typically favors the poor, 2
because they spend more in
traded sectors.

T.5%

FOREIGN FIRMS AND WELFARE GAINS
Entry of foreign retail firm in Mexico benefits all, especially high-income groups

Total welfare gain

20 40 60 80

Percentile of per capita income distribution

Source: D. Atkin, B. Faber, and M. Gonzalez-Navarro, NBER Working Paper No. 21176

tance between them, as well
as other variables. The foun-
dations of this equation and
its estimation are constantly
being expanded. Chaney
shows how this equation can
arise from stable networks
of firms with their suppliers
and customers.3?? Treb Allen,
Arkolakis, and Yuta Takahashi
nest alternative models to pro-
vide a very general treatment
of this equation in what they
call “Universal Gravity.”4? The
estimation of the gravity equa-
tion using moment inequali-

100

These papers refer to
general sources of gains from
trade. Returning to the specific case of
tariffs, recent research has shown that
changes in tariffs — in striking contrast
to the conclusion in models with iceberg
transport costs — can indeed induce
firm entry and exit. This point was rec-
ognized by Costinot and Rodriguez-
Clare in their survey; they allow for
potential changes in the entry of firms in
their treatment of tariffs.>* But because
they focus on tariffs that are charged on
the variable costs of firms, the only dif-
ference between tariffs and iceberg trans-
port costs is that tariffs generate revenue
that is redistributed to consumers. In
contrast, Caliendo, John Romalis, Alan
Taylor, and I allow tariffs to be applied
to total import revenue, inclusive of the
markup earned by the exporting firm.35

Figure 2

However, a reduction in input tariffs
leads to a sizable increase in markups as
firms absorb the fall in marginal costs
with little change in prices.

We conclude this section by not-
ing that historical data remains a rich
source for exploration of the effects of
tariff changes. Examining the change in
U.S. sugar duties from 1890 to 1930,
Douglas Irwin finds a striking asym-
metry: a tariff reduction is immediately
passed through to consumer prices
with no impact on the import price,
whereas about 40 percent of a rtar-
iff increase is passed through to con-
sumer prices and 60 percent is borne by
foreign exporters.’” A comprehensive
examination of historical tariff nego-
tiations that will give rise to new data

ties is discussed by Morales,
Gloria Sheu, and Andrés
Zahler, who also examine “extended
gravity, whereby a firm’s entry into one
country makes entry into neighboring
countries easier.4! On the other hand,
the difficulty of entering markets means
that many country-pairs have zero trade
between them in specific products. While
it can be difficult to account for zero
trade flows in standard models, a new
approach is proposed and implemented
by Jonathan Eaton, Samuel Kortum, and
Sebastian Sotelo.4?

One goal when estimating the grav-
ity equation is to obtain estimates of
the elasticity of trade flows with respect
to trade costs. Simonovska and Michael
Waugh show the elasticity obtained is
very sensitive to the underlying model
for the gravity equation.*3 Their work
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informs the trade elasticity that is used
in computational models. In addition
to the micro-elasticity between for-
eign countries, Philip Luck, Maurice

Ahlfeldt, Redding, Daniel Sturm, and
Nikolaus Wolf study the changes to city
structure in Berlin due to the fall of the
Berlin Wall.#? The general relationship

of internal distance on the prices at the
port of exit.>® They find that the effect of
distance on trade costs within Ethiopia
or Nigeria is four to five times larger than

Obstfeld, Katheryn Russ, and
I extend the estimation of the
gravity equation to incorporate
a macro-clasticity between for- |
eign and home variety. We find
that the micro-elasticity is typ-
ically larger than the macro-
clasticity, and quite often con-
forms to the “rule of two” by
being twice as large. 4

ITT program members have
also used the insights of the grav-
ity equation to inform research
on intranational as opposed
to international trade. Delina

50

05
.00 l

DISTANCE AND INTRANATIONAL TRADE COSTS
Costs in Ethiopia and Nigeria four to five times larger than in U.S.

Costs, 2004 U.S. §

Ethiopia Nigeria

Miles from origin location to destination market
Logarithmic scale

Source: D. Atkin and D. Donaldson, NBER Working Paper No. 21439
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in the U.S. [See Figure 3.]

In addition, they find that
intermediaries  capture the
majority of welfare benefits
from international trade, and
that their share is even higher
in distant locations, suggesting
that remote consumers receive
only a small share of the gains
from falling international trade
barriers. Kerem Cosar and
Fajgelbaum also study the con-
nections between internal geog-
raphy, regional specialization,
and international trade, using

Agnosteva, James Anderson,
and Yoto Yotov develop a pro-
cedure to flexibly estimate both intrana-
tional border barriers and intraregional
trade costs.#> A more detailed examina-
tion of intraregional costs is undertaken
by Ferdinando Monte, Redding, and
Esteban Rossi-Hansberg.%6 They exam-
ine spatial linkages between goods mar-
kets through trade and between factor
markets through commuting and migra-
tion. The latter are subject to hetero-
geneous moving costs between regions.
They find that without these costs, com-
muting flows cannot be explained by only
considering conventional variables such
as the difference between regions in their
size or wages.

There are many “natural experiments”
that can be used to test spatial models.
Andrew Bernard, Andreas Moxnes, and
Yukiko Saito use the openingin Japan of a
high-speed bullet train (Shinkansen) line
that lowered the cost of passenger travel
but left shipping costs unchanged. 47 They
find significant improvements in firm
performance as well as creation of new
buyer-seller links, consistent with their
model. Allen and Arkolakis apply a quite
general theoretical framework to the con-
struction of the interstate highway sys-
tem in the United States and find that
this system increased U.S. welfare by 3.5
percent, which is roughly twice its cost.48
In another natural experiment, Gabriel
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Figure 3

between transportation costs and the
spatial distribution of economic activ-
ity is surveyed by Redding and Matthew
Turner.? Finally, a new model of cities is
proposed by Donald Davis and Jonathan
Dingel, who test it using data on U.S.
metropolitan areas.>!

The tools of the gravity equation
also can be used to study optimal policies
at the state level. Fajgelbaum, Morales,
Juan Carlos Sudrez Serrato, and Owen
Zidar analyze the potential spatial misal-
location arising from differing state taxes
in the United States.>?> They find that
revenue-neutral tax harmonization leads
to aggregate real-GDP and welfare gains
of 0.7 percent. Ossa studies how the
difference in state taxes can arise from
welfare-enhancing subsidy competition
between them.5 He finds that subsidy
competition can create large distortions,
so that the gains from cooperative setting
of state taxes and subsidies are substan-
tial. Caliendo, Parro, Rossi-Hansberg,
and Pierre-Daniel Sarte abstract from
taxes to study how productivity shocks
within U.S. regions spill over to the
entire economy.>*

Internal transportation costs can
have a significant impact on interna-
tional trade, too. Atkin and Donaldson
use newly collected CPI microdata from
Ethiopia and Nigeria to assess the impact

data from Chinese prefectures.>¢
Conclusions

Research on all four of the topics cov-
ered in this review — the rise of China’s
exports, global supply chains and wage
inequality, the sources of gains from trade,
and the gravity equation and intrana-
tional trade —is motivated by observa-
tions about trade between countries (or
regions) and how it has changed. Nearly
all of the papers reviewed use a general
equilibrium model and estimation tech-
niques appropriate to that setting, which
is an important distinguishing feature
of research in the ITI program. Another
unifying theme in all trade research is the
concern for social welfare — accounting
for the well-being of consumers and the
profits earned by firms.

Other important topics, such as
immigration®” and the evaluation of pol-
icies to promote growth in developing
countries,>® are studied in the ITI pro-
gram but have not been described here.
Still, it would be remiss to conclude with-
out mentioning one area on which there
is likely to be a substantial volume of
future research: the impact of global cli-
mate change. Donaldson, Costinot, and
Cory Smith examine the implications of
climate change for a variety of crops and
locations around the world.>® They fully
incorporate the alternatives to current

crop patterns as global temperature rises.
With this costless substitution of crops
and allowing trade to adjust, they find
that the impact of climate change on the
agricultural markets in their study would
amount to a rather modest 0.26 percent
reduction in global GDP.

Klaus Desmet and Rossi-Hansberg
use a less-detailed model of agriculture
along with a manufacturing sector, both
of which are impacted by global warm-
ing.?0 They assume that trade is subject to
iceberg transport costs, like Donaldson,
Costinot, and Smith, but allow for free
labor migration either worldwide or
within a northern and southern region.
They find that the adverse effects of
global climate change are much more pro-
nounced when migration is limited. The
actual response of migrants to changes
in temperature across a large number of
countries is studied by Cristina Cattaneo
and Giovanni Peri.®! They find that in
middle-income countries, migration rep-
resents an important margin of adjust-
ment, with migrants moving towards
cities or other countries as temperature
warms. This mechanism does not seem
to work in poor economies, where higher
temperatures reduce the probability of
emigration to cities or to other countries,
consistent with the presence of severe
liquidity constraints.

This research suggests that the
results from multi-country general equi-
librium models may be very sensitive to
the efficacy with which different mar-
gins of substitution operate — substitu-
tion between crops, between regions,
and between countries. Understanding
those margins of substitution and the
costs associated with them is an impor-
tant ongoing direction of research in the
ITI program, and one on which further
research, allowing for realistic adjust-
ment through trade, migration and other
margins, is likely to be forthcoming.
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