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Abstract

This paper employs data from the World Input-Output Database to document the evolution
of the domestic content in exports, as measured by the domestic value added to gross exports
ratio (DVAR), across countries and sectors, over the period 1995-2008. We develop a multiple-
sector general equilibrium model with domestic and global input-output linkages following Eaton
and Kortum (2002) and Caliendo and Parro (2015) to provide structural interpretations of
individual countries’ DVAR. We use the calibrated version of the model to fully decompose the
time-series changes of the global DVAR and selected countries’ DVAR into parts that are due to
global changes in technology, international trade costs, domestic trade costs, factor endowments
and trade balances. Regarding global DVAR, we find that while the stand-alone effects of
technology, domestic trade costs and international trade costs are negative, the interactive effects
among them sum up to be significantly positive. We find that the total effect of technology,
which has been either overlooked or misinterpreted in the existing literature, is significantly
positive. The total effect of total trade costs, though negative, can explain only about 50% of
the changes in global DVAR over the sample period. Taking into account the interactive effects,

the total effect of domestic trade costs is significantly positive as well.
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1 Introduction

Improvements in information and communication technologies and declining trade barriers have
facilitated not only the rapid growth but a structural change of world trade in the past few decades.
Firms source more inputs from suppliers located further away, both foreign and domestic. Due to the
increase in global fragmentation of production, a country’s exports may contain a significant amount
of content from foreign countries, implying that gross trade statistics have become increasingly
misleading in representing the actual value-added of a country in its exports. According to Kee and
Tang (2016), only 53% of the exports of electronics from China in 2007 was value-added attributable
to Chinese factors of production. The phenomenon is not restricted to electronic products. As
documented by Koopman, Wang, and Wei (2014) and Johnson and Noguera (2017), among others,
the degree of domestic value-added in gross exports is significantly lower than 1 for most countries,

especially in manufacturing sectors, and has been decreasing for decades.!

While there is an extensive literature about the structure and evolution of global supply chains,
research on understanding the determinants of a country’s domestic value-added in gross exports
(DVA) receives relatively scant attention, despite paramount policy implications. For instance, how
may the values and sectoral pattern of DVA affect optimal trade policy? Do industrial developments
contribute to certain countries’ increases in DVA over time? Are recent protectionist policies
responsible for the observed global trade slowdown? To answer these questions, one needs first to

have some basic understanding of the DVA of a country’s exports.

In this paper, we employ data from the multi-country, multi-sector, input-output tables from
the World Input-Output Database (WIOD) to document and provide a quantitative and structural
explanation for the evolution of the DVA, as measured by DVAR (domestic value-added ratio),
across countries and sectors over the period 1995-2008. DVAR is defined as DVA divided by
gross exports. We use DVAR as it is one of the most widely used indicators of the degree of
vertical specialization. There is another popular measure of vertical specialization called value-
added exports (VAX), attributed to Johnson and Noguera (2012). It is defined as the amount of
value added from a given source country that is embodied in final goods absorbed in the destination
country. One advantage of DVAR is that it can be calculated using the national I-O table without

the inter-country I-O tables (see Los, Timmer and Vries 2016).2 To guide our quantitative analysis

!The value-added ratio in global exports was about 75% in 2008, down from about 85% in the 1970-1980s (Johnson,
2014). Also see Timmer et al. (2014) for a review of the studies on the measurement of domestic value added in

trade and other global value chains.
For a country, at the aggregate level, VAX is the part of DVA that are absorbed abroad. It can be shown that

DVA = VAX + domestic value-added embodied in imported intermediates or final goods. The last term is usually
small for most countries. Both DVAR and VAX ratio as measures of vertical specialization have their own merits.
Refer also to Hummels, Ishii and Yi (2001) for a measure called VS, such that VS share = 1 - DVAR - share of pure

double-counted intermediate exports produced at home (see Koopman, Wang and Wei 2014).



of the evolution of the DVARs in exports, we develop a multi-country, multi-sector, quantitative
trade model with inter-sectoral input-output linkages, based on Eaton and Kortum (2002) and
Caliendo and Parro (2015), to provide structural interpretations of the DVAR at the country-sector

level for each year.

After documenting the patterns of DVAR across time and countries, we examine the deter-
minants of a country’s DVAR. To this end, we use the calibrated version of the model to fully
decompose the time-series changes of the global and selected countries’ DVAR into parts that are
due to (exogenous) global changes in three sets of factors, namely (i) technology, (ii) trade costs
(both domestic and international), and (iii) other exogenous factors such as factor endowments and

trade balances.?

Regarding global DVAR, we have the following findings. First, the total effect of technology on
global DVAR, an overlooked or misinterpreted aspect in existing analyses of the determinants of
DVAR, is significantly positive, and even larger in magnitude than the negative total effect of total
trade costs, which has been the focus of most analyses in the literature. Second, the total effect
of domestic trade costs, another overlooked effect in the literature, is also significantly positive.
Third, the total effect of total trade costs, though negative, can explain only about 50% of the
changes in global DVAR over the sample period. In other words, the total effect of global changes
in total trade costs is far from being able to explain the decline in global DVAR, contrasting with
the literature. For developing countries, the total effect of total trade costs is significantly negative.
By contrast, for developed countries, the total effect of total trade costs is minor. This distinction
between the developing countries and developed countries has not been reported in the literature
before and it deserves further investigation. Fourth, the total effect of other factors (i.e., factor

endowments and trade balances) are quantitatively very small.

Table 1 summarizes the calibrated decomposition of the decline in the world’s, developed coun-
tries’, and developing countries’ DVAR during the sample period. It reports the total effect of each
factor. We find that for the developed countries, developing countries or the world as a whole, the
total effects of global changes in technology and domestic trade costs are both positive and signif-
icant. By contrast, the total effect of global changes in total trade costs is significantly negative
for developing countries but insignificant for developed countries. In fact, a fast-growing economy

like China can have its DVAR increasing over time, despite having falling total trade costs, due to

3Two definitions are in order. First, “total trade costs” is defined as the combination of domestic trade costs
and international trade costs. Total trade costs are incurred whenever two entities trade with each other. If the two
entities belong to the same country, the international trade costs are equal to zero, and only domestic trade costs are
incurred. Otherwise, both domestic trade costs and international trade costs are incurred. Second, the “total effect”
of a factor is defined as the impact lost (compared with the case when all factors are turned on) when the factor is
shut down while all other factors are turned on. The “pure effect” (stand-alone effect) of a factor, on the other hand,

is the impact when it is turned on while all other factors are shut down.



the dominant effect of its continuous improvement in technology and reduction in domestic trade

barriers.

< Table 1 about here >

World Developed Developing

Data -4.36 -4.42 -4.29
Total effect of global changes in
(i) Technology 3.92 3.18 5.27
(ii) Total Trade Costs -2.26 -0.65 -5.31
(Combination of Domestic and International)
(iii) Other Factors 0.18 -0.54 1.57

Table 1: Percentage-point Changes in DVAR (1995-2008)

It is worth noting that the sum of the total effects of technology, total trade costs and other
factors is far from being equal to the data, as each total effect is equal to the sum of its “pure
effect” and its “interactive effects” with other factors.? The potentially large interactive effects are
the outcome of the non-linearity in the structural gravity equations derived from a large class of
quantitative trade models, to which Eaton and Kortum (2002) belongs, together with the correlation
between the changes of the determinants. For example, there was a negative correlation between
changes in technology and changes in domestic trade cost across countries, as well as positive
correlation between changes in international trade cost and changes in domestic trade cost across
countries. Because of the existence of the potentially large interactive effects, the total effect of
the change in technology on a country’s DVAR cannot be isolated from that of domestic and
international trade costs, or vice versa. The total effect of each factor depends on the underlying
empirical joint distribution of the changes in technology, international trade costs and domestic
trade costs across time and sectors within a country. Since international and domestic trade costs
act in conjunction with technology to shape a country’s trade pattern, ignoring such interactive
effects may result in biased estimates of the contribution of any single determinant of the DVAR

and other global value chain (GVC) measures.

Note that behind the aggregate effects reported in Table 1, there is a large variation in the
changes in DVARs across countries. Our decomposition exercise in fact explains the annual change
in DVAR for each country and that for each country-sector-pair in the sample over the period

1995-2008. We find that the total effect of the combination of all the factors in our model fits the

4Mathematically, in a Taylor series expansion up to the second order derivatives, the pure effect of a factor is the
sum of the first and second derivatives with respect to (w.r.t.) the factor while the interactive effect between two

factors is the cross-derivative w.r.t. the two factors.



data very well. On the other hand, as expected, the pure effect of any individual factor does not
explain the data well. Specifically, the pure effects of total trade costs and domestic trade costs
under-predict the DVARs for almost all countries, while the pure effects of technology and other

factors over-predict the DVARs of countries on average.

Regarding the two largest economies in the world, the US and China, we have the following
findings. The total effect of technology on China’s DVAR is much greater than that on the average
developing country, reflecting China’s fast technological progress. Moreover, the total effect of
“other factors” on China’s DVAR is also much larger than that on the average developing country,
reflecting the fast capital accumulation and large average trade surplus of China during the sample
period. For the US, the total effect of “other factors” is much larger than that on the average
developed country, possibly due to the large average trade deficit of the US during the sample
period.

We also use our calibrated model to conduct a series of counterfactual exercises. As a first
pass, we study quantitatively how shutting down China’s technological progress, total trade costs
and domestic trade costs (i.e., setting the three estimated parameters to their 1995 levels) will
affect the DVAR of China’s, US’s, and the world’s exports. We find that the total effect of China’s
technological progress and reduction of domestic trade costs on its own DVAR are both significantly
positive. Importantly, the reduction of total trade costs of China has strong and positive total effect
on China’s DVAR, contrasting the conventional view that lower import barriers will induce more
global sourcing and result in a reduction in a country’s DVAR. It is also worth noting that while
the total effects of China’s technological progress, changes in domestic trade costs or changes in
total trade costs on the DVAR of the rest of the world are all positive, their effects on the DVAR
of the US are negative.

Finally, we investigate the relationship between the reduction in DVAR and welfare change
across countries. As a developing country exports manufactured goods via the global value chains,
the DVAR tends to fall. Many developing countries policy-makers worry about this trend and
aspire to increase their value-added contribution to exports. They run the risk of treating DVAR
as a policy target. We argue that treating DVAR as a policy target is misguided, as there is
no correlation between DVAR and welfare, both theoretically and empirically. (See, for example,
Dollar, Khan and Pei 2019). Indeed, we find that there is no relationship between the change in
DVAR and welfare change across countries in our sample. In fact, we see that there is a negative
correlation between the change in welfare and the change in DVAR only under the special case
that only the international trade cost of each country is allowed to change. This makes sense since,
in that case, the welfare change of each country arises only from the change in gains from trade,
and, according to Arkolakis, Costinot and Rodriguez-Clare (2012), there is a negative relationship

between domestic sourcing share (which correlates positively with DVAR) and gains from trade. In



reality, it is possible that welfare increases but gains from trade decreases (because of an increase

in DVAR due to, for instance, an increase in aggregate productivity).

This paper relates to various strands of literature on GVC. First, it contributes to the literature
of the modeling of fragmentation (Baldwin, 2013, Baldwin and Venables, 2013; Eaton and Kortum,
2002; Alvarez and Lucas, 2007; Yi, 2003; 2010; Costinot et al., 2013; Antras and Chor, 2018, 2022).°
Second, our paper contributes to the literature that provides methods to measure various aspects
of GVC (e.g., domestic value-added, upstreamness, length of production chains). This literature
starts with Hummels, Ishii and Yi (2001), who use industry input-output (IO) tables to calculate
the value-added to exports ratios for many countries. Recent related work includes De la Cruz,
Koopman, Wang and Wei (2011), Antras, Fally and Hillberry (2012), Antras and Chor (2013),
Johnson and Noguera (2012, 2017), Koopman, Wang and Wei (2012, 2014), and Johnson (2014).

The third strand of studies bridges the first largely theoretical literature and the second liter-
ature on measurement by calibrating quantifiable models of GVC (Antras and Chor, 2018; Antras
and de Gortari, 2020; Johnson and Noguera, 2017; Fally and Hillberry, 2018; de Gortari, forthcom-
ing). Our paper belongs to this frontier of research, by linking the literature that documents the
domestic content in countries’ exports (e.g. Hummels, Ishii and Yi, 2001 and Koopman, Wang,
and Wei, 2014, among others) and the one that develops quantitative trade models to estimate
the gains from trade and answer other macroeconomic questions (e.g., Arkolakis, Costinot, and
Rodriguez-Clare, 2012).

The paper is organized as follows. Section 2 introduces the theoretical model we use to quantify
the determinants of countries’ and sectors’ DVAR. Section 3 describes how to bring our model to
the data. Section 4 presents the quantitative results based on our calibrated model, including the
decomposition and counterfactual exercises. Section 5 investigates the relationship between the

change in welfare and the change in DVAR. Section 6 concludes.

2 A Model of production fragmentation

2.1 Setup

Our model is built on Eaton and Kortum (2002). The assumptions are: (1) All countries have the
capability to produce all intermediate and final goods; (2) international trade and domestic trade

are both costly; and (3) all markets are perfectly competitive.

There are N countries in the world, indexed by n = 1,..., N. Each country has (time-varying)

labor (L) and capital (K,) endowments. Labor and capital are fully mobile across sectors within

’See Feenstra (1998) for a review of the early literature on foreign outsourcing.



a country, but not mobile across countries. There are J goods (indexed by i = 1,...,J) which can

be used for consumption or as intermediate inputs in production.

In each country there is a representative household, who uses labor and capital income to
purchase an optimal bundle of final good varieties from all sectors to maximize utility as follows:

O'Z a

J = B = I
U= Hi:l |:/O (qZ (w)) ot d(,d:| s with Z ol = 1. (
=1
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where ¢ (w) is the consumption of variety w in sector i. Within each sector i, o > 1 is the elasticity
of substitution between any two varieties. Across sectors, for simplicity, we assume a Cobb-Douglas

aggregator over the J final goods, with o’ being the share of expenditure on final good sector i.

The production function of variety w of sector ¢ in country n is given by
. . . 1_5; . 6:1 i . ﬁ:z 1— i
i () = 24 () [ME @) [1 @) [ @] we o )

where 3!, (w) is the quantity of variety w of sector i being produced; z!, (w) is the total factor produc-
tivity (TFP) of country n in producing variety w of sector i; M (w) is the quantity of corresponding
intermediate composite (to be defined later) employed; I% (w) and k% (w) are the corresponding la-
bor and capital inputs, respectively. The good produced according to this production function can
be either consumed as final good, contributing to utility, or used as intermediate input, contributing

to the production of an intermediate composite.

The production function of an intermediate composite M in country n is given by:
ot

k

ok
M = HJ /1 <qk (w)) Ea dw o with ZJ:fyik =1 (3)
n k=1 0 Y — n °

where ¢F (w) is the quantity of input variety w from sector k. Within sector k, of > 1 is the
elasticity of substitution between any pair of varieties. Across sectors, we assume a Cobb-Douglas
aggregator of intermediates over the J sectors, with 7% being the cost share of (upstream) input
k in the total cost of producing (downstream) input composite i in country n. Production of
intermediate composite i does not necessarily need input varieties from all J sectors. If inputs from

a particular sector k are not needed, v* = 0.

Both international and intra-national trade are costly. Whenever an intermediate or final good
variety from sector 4 is shipped from country n to country m to be used as input in sector j (or
consumed), an iceberg trade cost it is incurred (j = F if it is used as a final good), implying
that 2%, units of the good are needed to be shipped from the origin for only one unit to arrive
at the destination. We follow Caliendo, Parro and Tsyvinski (forthcoming) and assume that the

country-pair-sector-pair total trade cost is expressed as



where Tfjl is called “total trade cost”, 7% is called “domestic trade cost” of the destination country

and liifl (where n # ) is called “international trade cost”. Note that /{f;l > 1 when n # [, and

/ngn = 1 by definition; and we assume that ngn > 1 when j # F, and Tﬁfn = 1 when j = F as
normalization.5

As such, the competitive price of a variety w in sector ¢ shipped from country [ to country n to

be used as input in sector j (j = F if it is used as a final good) takes the following form:

for all w € [0, 1],

. a6 7,1 7 1— i
ch = < o )1 ' Wi o T i)
1—-p; Biu; B (1= u)

where Pf is the price index of the intermediate composite used in sector ¢ and country [, while w;

where

and r; are the equilibrium wage rate and rental cost of capital in country [, respectively.

A final remark about the supply side is about the country-sector-specific productivity. We
assume that country [ possesses a technology stock of Tf to produce sector-i varieties, which reflects
country [’s absolute advantage in producing sector-i goods. Following Eaton and Kortum (2002),
we treat 2} (w), the efficiency (or TFP) of country [ in producing variety w € [0, 1] in sector i, as the
realization of an extreme value distribution. Specifically, a variety w producer of good ¢ in country

[ draws z (w) independently from the Fréchet distribution:
Pr(zf (w) < 2) = e 17" with T} >0, Vwe[0,1]

where 6 is a parameter governing the (inverse) dispersion of productivity draw 2} (w) from the
distribution; and Tf governs the state of technology of country [ in sector ¢. For simplicity, we

assume that 6 is identical for all countries and sectors.

2.2 Price indices and sourcing shares

Perfect competition implies that a variety producer in sector j and country n will purchase each
variety of its sector-i intermediates from the source country that offers the lowest price. Let the

price index of the entire range of variety w € [0, 1] of sector-i intermediates employed by n for the

Tn other words, foreign firms need to overcome both the international trade costs and domestic trade costs in
order to trade with domestic firms, whereas domestic firms only need to overcome the domestic trade costs in order

to trade with domestic firms.



production of a sector-j good be denoted by p7’. The Fréchet distribution of the efficiency of source

country m, 2%, (w), implies that

=

p1j1i _ 7_]2 ((I)]z) ]
where

o =Y T8 (dundin) "
Therefore, the price index of the intermediate composite for sector j in country n is given by

Ji

=7, H;]:1 (pJ 5] H (I)]’L Tn 7

i A
where 1,, = H;»le (v " is a constant, 6/, = H;»Izl (T%,Zn) is the sector-specific domestic trade

cost.

To produce sector-j goods in country n, the cost share of intermediates from sector-¢ imported

from country [ in the total expenditure on intermediates from sector-i is given by

—0 —0
7t 7t

nl — —0 i
e o)’

where T} (c;')*e is defined as the competitiveness of Country [ in sector i. Note that if good 7 is

used as a final good then j = F for all the variables in this subsection.

2.3 Expressions of DVAR

Now let us derive the accounting expression for the DVAR at the country-sector level. Let us denote
country n’s value-added ratio (VAR) in country m’s sector-i exports by 7¢ . Thus, r’, denotes
country n’s domestic value-added ratio (DVAR) in sector i. r?  is defined as the value-added from
n embodied in m’s sector-i gross exports divided by the sector-i gross exports of m; while 7! is
defined as n’s own domestic value-added (DVA) embodied in n’s sector-i gross exports divided by

the sector-i gross exports of n. Clearly, ZN

nlmn

= 1. At the aggregate level, a country’s DVAR
is defined as domestic value-added in gross exports divided by gross exports.” Our definition of
DVAR is the same as “domestic value-added ratio” described in Koopman, Wang and Wei (2014)

and Los, Timmer and Vries (2016), for example.

A complete accounting of a country-sector’s DVAR should incorporate the following items in its

gross exports: (1) domestic value-added (DVA) embodied in imported intermediates from foreign

"Thus, a country’s DVAR is equal to > rhnxt/ > x* where 2 is the gross exports in sector-i.



countries; (2) DVA embodied in domestically produced intermediates; (3) The costs of primary

factors (i.e. capital and labor) employed directly (direct DVA). Formally,

N J
Thn = B+ (L= B1) DY Wi T (5)
h=1 k=1
On the other hand,
N J
(- B S S m e, form £, )
h=1 k=1

Two remarks are in order. First, the main difference between r?, and 7  is that 8! appears

n
in the former but not in the latter, as domestic content in a country’s exports obviously includes

direct value-added generated by domestic primary factors, including labor and physical capital.

Second, both (5) and (6) feature the recursive nature of a country’s own sector-specific DVAR,
as the domestic value-added of a country’s sectoral exports will be used as intermediates by other
countries’ production, which can be exported back to the source country, thus becoming part of
its domestic value-added. To more systematically analyze the recursive nature of VAR, we express
the VAR as a matrix r for all country-sector pairs as follows:

r = & + (I-B) \G,'_/ r

N~~~ : , N~~~
NJXN NJIxN NJIXNJ NJXxNJ NJxXN

where r is a NJ x N matrix whose {(i — 1) N +m, n} entry is r? . The matrix B is the N.J x N.J
square matrix with all off-diagonal elements equal to 0 and the [(i — 1) N + n]-th diagonal element
equal to B; The matrix G is the NJ x NJ global intermediate goods cost share matrix, whose
{(i —1)N +m, (k—1)N +n} entry is equal to 7% ~*. Finally, 3 is a NJ x N matrix, formed by

stacking up J number N x N matrixes, each containing 0 off-diagonal elements; in addition, the

{(i — 1) N +n, n} entry of the 3 is equal to /.

The recursive relationship in VAR through global 10 linkages allows us to solve for r in the

above equation by collecting r on the left hand side:

=I-(I-B)G]'B. (7)

Totally differentiating r gives us the following expression

dr=[1-(I-B)G] '[dB— (dB)Gr]+[I-(I-B)G] ' (I-B)(dG)r (8)

pure effects of changing 37, pure effects of changing 7k, and ik

The first term on the right hand side captures the pure effect of changes in ﬁi The second term
captures the effect of the changes in intermediate goods shares 7% and the input-output coefficients

% In the structural estimation exercises below, we shall quantify the magnitude of each effect.



2.4 A simplified illustrative model

The model so far in matrix form may hide a lot of insights that are essential for understanding our
quantitative and counterfactual results below. This being the case, we develop a simple two-country
(m € {1,2}), one-factor, one-sector model with inter-country IO linkages to obtain some insights
about both the stand-alone and interactive effects of the changes in technology and international
trade costs on country 1’s DVAR. Let us denote the relative technology stock between the two
countries by t = T1/T> and the relative factor cost by ¢ = ¢1/ca. As there are only two countries,
we can simplify the international trade costs as k1 = k2 (international importing trade costs of
country 1) and kg = k21 (international importing trade costs of country 2). Furthermore, define
d = 711 (domestic trade costs of country 1) and normalize by setting 792 = 1 (domestic trade costs
of country 2). Thus, 71 = 712 = k10 (total importing trade costs of country 1) and 79 = 721 = Ko

(total importing trade costs of country 2).

Using the sourcing share equation (4) derived in the general model, we can express the sourcing

share from country n in country m’s total expenditure (m,,) as

_ te? _ nl_e
H = T e R

- 1 - tc*(’/s;?_e
(e T ety

Using the accounting identities of DVAR (5) and (6), we can express the VAR of country 1’s

firms in country 1’s exports and country 2’s exports respectively as

ri1 = B+ (1—8)(rurn + miara1);
ro1 = (1—f)(ma1r11 + ma2ra1).
Note that
mun=1-m; 7mo=1-7m2; rmi=1-r12; 7r22=1-7y.

Totally differentiating this system of two equations yields

drin. = (1 - ) (rudrin + m2dra) + (1 = 8) (r11 — ra1) dmna
droy = (1 —B)(ma1drin + m2adrar) — (1 = B) (111 — ro1) dmaz
which leads to
dri1 = Adm11 — Bdmos
where A and B are some constants, with A > B > 0.8

SA={(1-8)(r11 —ra1)[1 — (1 — B) ma2]}/ [(2ﬁ - ,6’2) —B(1=p)(r11+ 7r22)]
and B = [(1 - 5)2 (rin— 7“21)7l'12] / [(2,3 - 52) - B0 —=5)(mu +7T22)]

10



Taylor series expansion of dmy1 and dmas up to the second order derivatives gives the decomposi-
tion of the effects of different forces on country 1’s DVAR (See the appendix for details). Specifically,
the pure effect of a factor is the sum of the first and second derivatives with respect to (w.r.t.) the
factor while the interactive effect between two factors is the cross-derivative w.r.t. the two factors.
Rearranging the terms and ignoring the second order effects on the relative factor cost ¢, the effect

on r1; can be decomposed into

The pure effect of technology

2
(C + D) % — [071'11 + Dﬂ'gl] <it) (9)

where C = Amq (1—7‘&'11) > 0 and D = Bmys (1—7‘1’22) > 0.

The pure effect of international trade costs

0 o I Gl ) Y G Y 0 1
K1 K1 ) )

The pure effect of domestic trade costs

d () da] (O + D] [d(c—e) d5] an

(C+D) | =05 o0 45 o0

The interactive effects among technology, international trade costs and domestic trade costs.

They are discussed in Appendix B.

d(c_e)

Comparing (9) and (11), we can see that the pure effects of =5 Cd_—‘sg and % are isomorphic.

dt
t

)2, which is likely to be the case as % is

normally less than one for annual change. Thus, if dt > 0 (dt < 0), then the effect is positive

The pure effect of technology. Suppose ‘%‘ > (

(negative). The intuition is that when a country’s productivity increases, the prices of its output
will decline, raising the country’s competitiveness relative to the foreign country’s. As a result, the
domestic content in exports will increase. In a multi-country setting, if larger countries tend to

have dt < 0, then it is likely that the effect on global DVAR is negative.

The pure effect of international trade costs. Suppose (a) drk1 < 0 and dka < 0 so that d/{fe >0
and dry o> 0, which is the likely scenario empirically during our sample period of 1995-2008, and

2
-0 —0
(b) dK%g > <dﬁi9 > , which is likely to be the case as |““;| is normally less than one for annual
Ky Ry [
2
9 -0
change. Then, % — (1 — i) d:ig > (0 for ¢ = 1,2. Base on this, we can conclude that the

term is negative when 1. under the symmetric case, or 2. Country 1 reduces international trade

11



costs unilaterally.” In sum, the pure effect of global changes in international trade costs on global

DVAR is likely to be negative.

d(cfe) ds

dd ¢t

The pure effect of domestic trade costs. Suppose

d(c? .
to be the case, as ' (26 )(j‘l_‘i,' is normally less than one. Note that

)

() 4517
> [ y d%} , which is likely

0
A’ < 010 Thus, if ds < 0

—

(dé > 0), then the term is positive (negative). The intuition is that when a country’s domestic trade
cost falls (rises), the prices of input will decline (rise), which leads the prices of its output to decrease
(increase), raising (lowering) the country’s competitiveness relative to the foreign country’s. Thus,
the domestic content in exports will increase (decrease). Thus, in a multi-country setting, if larger
countries tend to have dé > 0 (dé < 0), then the pure effect of domestic trade costs on global DVAR
is likely to be negative (positive). Empirical facts seem to indicate that dé > 0 tends to be true
for larger countries, which means that the pure effect of global changes in domestic trade costs on

global DVAR is likely to be negative.

Finally, it is worth noting that this theoretical exercise based on a simple model focuses on the
comparative statics of the pure effects of changes in the key factors. While the sign of the pure
effect of each factor is easier to figure out, the signs of the interactive effects among the factors
are ambiguous, depending on the correlations among the changes of the factors across countries
and sectors in the data. We discuss the details in Appendix B, and leave the quantitative analysis

below to inform us about the total effects of the change in each factor.

3 Taking the model to the data

3.1 Main data sources

We use the 2013 edition of the World Input-Output Database (WIOD), which contains trade data
for any sector-pair-country-pair combination for 40 countries plus the rest of the world (RoW)
(indexed by 7) and 35 sectors (indexed by s), over 14 years (indexed by t) from 1995 and 2008.!1,

12 In particular, we use yearly changes in the N.J x N.J (2,059,225) sourcing shares (i.e., ¥ ) as
91. In the symmetric case where k1 = kg, m11 = w22 and dk1 = dk2 < 0 (which implies that dnfg > 0 and

2
0 —0
drky? > 0 and d“jg > (d:jg ) for i = 1,2), the term is negative as C' > D under symmetry. 2. If country 1 reduces

‘ —0 —0
international trade costs unilaterally (i.e., % > 0 and @ = 0), the term is clearly negative.
K/l K

i

2
1-8 B
"Note that p; (w) = % and ¢1 = (152_,1) ' (15—11) " Ignoring the general equilibrium adjustments in w1,

. - (e
we have %:?erc% and %z(lfﬁl) %. This leads to dc% =%%. Thus % > 0 and (26 ) <0.

" There is a 2016 version that covers more industries and more recent years but we chose to use the 2013 version

to avoid dealing with the trade collapse during the 2008-2009 global financial crises.
12\We are aware that using the industry-level aggregated data from WIOD rather than firm-level data with both

small and large firms can potentially generate bias in DVAR measures, as usually only large firms are sampled for the

12



targets for our calibration of the general-equilibrium model. We use the Socio-Economic Accounts
(SEA) (2013 version) of the WIOD to obtain data on employment, capital stocks, intermediate

inputs, and gross output at current and constant prices for the same set of countries and sectors.

3.2 Estimating trade costs and productivity

We calibrate the following set of parameters in the model: (i) parameters of the productivity
distributions: T} and 0; (ii) international trade costs /@ifl; (iii) production function parameters 3,
and ’y%k; (iv) preference parameters o’; and (v) country factor endowments L,, and K,,. We shall
discuss the calibration of each in turn, in particular which parameter we estimate, compute from

the data, or take directly from existing studies.

The first step of our quantitative exercise is to estimate the change in technology stock of

countries, {fl’} Following equation (4) and the normalization Tﬁ i =1, we have

i\
Fi i [ G
=1 ( FZ)
D

where Wﬁ i is the sector-i final goods domestic sourcing share and plF ? is the price index of the entire

range of variety w € [0, 1] of final good ¢ in country . We denote the measured sectoral total factor
productivity of sector ¢ in country [ as A%. We express variables pertaining to the next period
by a superscript “/’. Following Dekle, Eaton, and Kortum (2008), we use exact hat algebra to
characterize the equilibrium changes: z = a’/z. Following Caliendo, Parro, Rossi-Hansberg and

Sarte (2018), we have'?

~ c
InAl = In—L,
"
i 1T . . :
In4; = ] In — (according to the previous equation)
u
= InT} = In 7" + 01n AL (12)

According to the production function (2),
i_ﬁ__i i gl iri @i (1 _ 0 i
In A} = In i (1=p) M = giu'Ly — By (1 - p') K
l

construction of IO tables. Small firms on average tend to have higher DVAR, but they are typically not sampled for
the construction of the IO table. However, as our focus is on the time trend and determinants of DVARs of countries,
we can abstract from the aggregation bias caused by firm heterogeneity as long as the bias is about the same across
countries and is stable over time. Thus, we stick to the aggregated data from WIOD.

3 Equation (12) makes intuitive sense: if we observe that In 7" is higher, then it means that country ! has become
more competitive than before in producing sector-i final good compared with foreign countries. This implies that
everything else being equal, country ! must have higher technology stock than before. Similarly, if we observe that
In El‘ is larger, then it means that country [ must have higher technology stock than before, everything else being

equal.
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X;
| P
and P} being the producer price index of sector ¢ in country I), quantity of intermediate inputs

where the real gross output (with X lZ being the value of the sector-i gross output in country [
M, f, amounts of labor used Lf and real fixed capital stock Kll for each country and sector can all be
directly obtained from the WIOD Socio-Economic Accounts (SEA). Thus, we can compute In E}

as

A~ .

. X A — L A Ny
o 4] == — (1= 5) In M} = Bip' L — 5} (1 — ') K{
l

which leads to our estimated value of In ff using equation (12), given ﬁf; * from the WIOD dataset.

The second step of our quantitative exercise is to obtain estimates of international trade costs

{/ﬁ;ﬁt} by estimating the following structural gravity equation year by year, derived from equation

(4): ) )
! X oy , g y
In (J“) =In (X;W> =In (T;t (cit) ) — fex}, — In (Tgt (chy) ) — 67, (13)

nnt nnt
where In (Tl’t (c?t)70> is the competitiveness of Country [ in sector ¢ at time ¢; Xﬁt is the country-
pair-sector-pair export value, obtained from the WIOT;'* In <Tft (clit) 79) — Gexlit is estimated as

the exporter-sector fixed effect, —In (Tﬁ;t (chy) 79) is estimated as the importer-sector fixed effect,

and —Qvfﬁt is the residual of the estimation.

We follow Waugh (2010) to interpret Qex%t as part of the exporter-sector fixed effect in year ¢,
which captures the additional fixed costs facing the sector-i exports of exporting country [ (relative
to the US as normalization). The estimated asymmetric bilateral international trade cost {mﬁl’lt}
is composed of two parts, the exporter fixed cost in Waugh (2010) ea:?t and the actual “bilateral”
international trade cost vﬁt:

i i
In Ky, = expy + vy, (14)

The yearly changes in domestic trade costs {gfl} will be estimated from the general equilibrium

analysis below.

3.3 Solving the general-equilibrium model computationally

We first explain the calibration exercise by describing the algorithm to estimate {SZL} and solve
for {w;}, {7}, {¢}} and {]/511} in general equilibrium. To simplify notation, we suppress the time
subscript. We also use a superscript outside the curly brackets to denote the round of iteration.

Throughout our calibration exercise, we impose 6 = 4, following Simonovska & Waugh (2014). For

YTn order to deal with the treatment of inventories in the WIOD table, which causes some negative export volumes
in the sample, we follow Antras, Chor, Fally and Hillberry (2012) to apply a "net inventory" adjustment, which
apportions the reported net inventory of each destination-sector across purchasing countries and sectors, according

to the corresponding proportions computed using data on intermediate uses.
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each year, using In ( A (Clt) 6) and In /{f;l estimated from the gravity equation (13), we calculate

{Tz (/c\;)* } and {&’"} as initial values. After we have estimated (T, '} from equation (12), we can

obtain {¢}} as initial values. The steps of solving the general equilibrium model are as follows.

1. Set the start values of {@;}° and {7}, for all I, to be equal to one.

2. Simultaneously solve for {gj}o, {(’I‘,gz}o and {13;‘}0 in the following system of 2NJ + NJ?

equations derived directly from our model:

3. Calculate the changes in the sourcing shares at the country-pair sector-pair level {%f;l}o as

~. —0
. T (@m)
~Jr __
Tl = q){lz

and the corresponding predicted sourcing shares of the following year as
Ji\ _ Ji~gi
( nl) = Tl Tl

N0
4. Solve for {(Xfl)l} from the following NJ equations (goods market clearing condition)

iy ki k) N
(X”) - Zk 1 Zz 1 < )% (7%) (Xl ) + Zl—l (nia)) i i
‘ =
sector-i gross output of n expenditure on intermediate inputs produced by n  expenditure on final goods produced by n

(17)
with the restriction that the total expenditure on final goods must be equal to the payments

to the factors of production plus the trade deficit (D)) as follows
E! = w,Ly@nLy, + raKpin Ky + D, (18)
5. Solve for {@;}" and {7}" using the 2N capital and labor market clearing conditions
BB = 30 B (1 k) (X3 (19)
WnLn@pLy = Z Bl ( n)

6. Repeat steps 2 to 5 iteratively, until the equilibrium values of {w;} and {7;} are determined
when || {@;}° — {@,}* 7 || approaches zero.!> With the converged values of {@;} and {7;}, we

solve for the equilibrium values of {5 '} from step 2.

1"We iterate the system until the sum of all elements of || {@;}* — {@;}*~" || becomes smaller than 0.001. Note also

that the convergence of{w;} goes hand in hand with the convergence of {7}, according to (19).
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7. We repeat steps 1 to 6 for each year, using the model-predicted trade shares for the following

N/ ..
year { (wffl) } as the initial value for {7’"} of the next year. The process repeats itself every
year until we have the full dynamic path of {Trf:l}, {wi}, {r}, {X.} and prices ({P/} and
pl'}) every year from 1995 to 2008. Using these endogenous variables and parameters, we
!
can compute the dynamic path of DVARs at the country-sector level based on equation (7)

for each year.

Notice that during the calibration process, all production and preference parameters (o, BZ,
vki i, k,n) are kept constant at the 1995 values, while we take the values of the endowments ({ K, },
{L,}) and the trade deficit ({D,}) directly from the data.'® We summarize the statistics of the

parameters estimated in the calibration in Table 2.

< Table 2 about here >

Parameter Source Mean Standard Deviation
of WIOD 0.029 0.032
Bi WIOD 0.477 0.167
il WIOD 0.609 0.206
N WIOD 0.029 0.063
6 Simonovska & Waugh (2014) 4 0

In K, WIOD SEA 0.036 (annual)  0.024
InL, WIOD SEA 0.012 (annual)  0.021
In ff Authors’ Estimation 0.0035 (annual) 0.316
In (%) Authors’ Estimation -0.014 (annual) ~ 0.268
lngi Authors’ Estimation -0.060 (annual) 0.436

Table 2: Statistics of the Parameters

Let us first show the changes in the main factors, namely technology, international trade costs
and domestic trade costs, that shape countries’ and global DVARs. The time series of the cumulative

change in average technology is shown in Figure 1.

<Figure 1 about here>

16We are aware that the Cobb-Douglas production function adopted in our model is not as flexible as one with
non-constant coefficients (e.g., CES production function in Caliendo, Parro, and Tsyvinski 2022, which allows the
inter-industry input-output structure to change with distortions over time). However, it turns out that keeping all
the production and preference parameters constant at the 1995 level does not prevent us from getting a good fit for
our model, as shown in Figure 7. As robustness checks, when carrying out the calibration, we have tried keeping the
production and preference parameters constant at the values in each year in the sample period one by one, and we find
that all the results are quantitatively similar, which means that keeping the inter-industry input-output coefficients

constant over time does not affect our results very much.
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Figure 1: The time series of cumulative change in average technology

The time series of the cumulative change in the average international trade cost is shown in

Figure 2.
<Figure 2 about here >

The time series of the cumulative change in the average domestic trade costs is shown in Figure

<Figure 3 about here>

In all the decomposition and counterfactual exercises conducted below, we will repeat the cal-
ibration exercise (steps 1 to 7 except for the estimation of {gﬁ}) by starting with the same set of
production and preference parameters (a,, Bk, 7k#) and exogenous variables {K,}, {L,}, {Dn}.'7

n

{IA}Z}, {//%ifl}, {3\;} are exercise-specific values.

In each exercise, we start with some initial guesses of {;}" and {7}°, then solve for {¢} and

. N/
{P}}, thereby obtaining the new trade shares (7‘(’2&) . The general equilibrium values of {w;} and
{7} are solved computationally. They are plugged back into the system for the next iteration. The
iteration process stops when we obtain {@;} and {7} such that || {@;}* — {@,}°"|| approaches
zero. After that, we compute the dynamic path of DVARs at the country-sector level based on the

model-generated dynamic path of {775121} and equation (7).

'"In the counterfactuals, as we have already estimated {g;}, we solve for {¢} instead of {g;} in step 2.
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Figure 2: The time series of the cumulative change in the average international trade cost
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Figure 3: Time series of the cumulative change in the average domestic trade costs
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Figure 4: Developed and Developing Countries’ DVAR

4 Quantitative results

Before reporting the results of our calibration exercises, let us present the trends of the DVARs for
advanced and developing economies respectively, as well as for individual countries in our sample.

The DVARs are computed directly based on equation (7), using annual data from the WIOD
(1995-2008).

4.1 DVAR trends

Figure 4 shows the change in the DVAR of exports from developed and developing countries respec-
tively. As the figure shows, the DVAR of exports from both groups of countries have by and large
been on a generally declining trend, with the cumulative decline for developing countries (solid line)

and developed countries (dash line) both equal to about 4.5% (solid line) from 1995 to 2008.

< Figure 4 about here >

Figures 5 and 6 show the individual countries’ DVAR for the fast-growing countries and the
developed (OECD) countries, respectively. For some countries, such as Canada, China, Indonesia,
Ireland, Luxembourg, Russia, the DVAR did not decline over the period 1995-2008, while the trend
is generally declining for all the other 34 (out of 40) countries in the sample. Besides explaining
why the global trend was negative, our decomposition and counterfactual exercises below will shed
light on the reasons why certain countries experienced non-decreased or even increased DVARs in

their exports, defying the global trend.
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Figure 5: Fast-Growing Countries’ DVAR

< Figures 5 and 6 about here >

4.2 Calibration results

First, we examine the fit of our calibration. Figure 7 plots for each country the simulated cumu-
lative change in DVAR against that based on data from 1995 to 2008. As is shown, the simulated
cumulative changes in DVAR are very close to the 45-degree line, implying that our calibrated
model, which focuses on the total effect of the combination of the global changes in exogenous
factors of technology, international trade costs, domestic trade costs, factor endowments and trade
balances, performs very well. Notice that though we target each country-pair-sector-pair sourcing
share in the WIOD, the fit is not perfect as we assume that the production and preference parame-
ters in the Cobb-Douglas functions (a's, 8's and +'s) are constants (specifically, equal to the 1995
computed values) across years within countries. In the data, however, they are changing, though
our model has nothing to say about those changes. Another reason for the imperfect fit is that we

replace zero trade with US$1 in our sample (see the appendix for details).

< Figure 7 about here >
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Figure 6: Developed Countries’ (OECD) DVAR
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Figure 7: The Fit of the Model — the total effect of the combination of all factors. The predicted
cumulative change in DVAR on the y-axis is plotted against the actual cumulative change in DVAR

on the x-axis.
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Figure 8: Pure (stand-alone) effect of changing total trade costs 7. The predicted cumulative
change in DVAR due to changes in total trade costs alone on the y-axis is plotted against the

actual cumulative change in DVAR on the x-axis.

Second, we examine the model fit of a series of pure effects. We focus on four factors: technology,
total trade costs (the relevant trade costs for both international and intra-national trade), domestic
trade costs (the relevant trade costs for intra-national trade) and other factors.!® Figure 8 shows
the pure (stand-alone) effect of changing total trade costs ({Tz:lt}) on the cumulative changes in
individual countries’ DVAR, which is the focus of the literature (e.g., Johnson and Noguera, 2017).
The pure effect of total trade costs is obtained by shutting down any change in technology ({T},}),
and other factors (factor endowment and trade imbalances), keeping only the changes in {ni;lt}
and {67 } for the calibration exercise. That is, we assume that the values of all 7’s and other factors
take on the same values as those in the first sample year (i.e., 1995). As expected, changes in total
trade costs alone cannot explain the data well. The effect under-predicts the DVARs for almost all
countries, as shown in Figure 8. As Figure 22 and Table 3 in Appendix D show, the magnitude
of the pure effect of total trade costs is much greater than that of the data as the (negative) pure
effects of both international and domestic costs are large, despite there being a positive interactive

effect between the two.
< Figure 8 about here >

Figure 9 shows the pure effect of changing domestic trade costs on the cumulative changes in

individual countries’ DVAR, an aspect that has not received much attention in the literature. To

8We do not examine the effects of international trade costs as it is neither the relevant trade cost for international

trade nor that for intra-national trade.
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Figure 9: Pure (stand-alone) effect of changing domestic trade costs d. The predicted cumulative
change in DVAR due to changes in domestic trade costs alone on the y-axis is plotted against the

actual cumulative change in DVAR on the x-axis.

gauge the pure effects of domestic trade costs, we shut down all changes in technology, international
trade costs and other factors (factor endowment and trade imbalances) in our calibration exercises.
As expected, changes in domestic trade costs alone cannot explain the data well, and in general
under-predicts the level of DVAR for many countries. As Figure 22 in Appendix D shows, the pure
effect of domestic trade costs under-predicts the DVAR on average, explaining why more countries

are below the 45-degree line than above it in Figure 9.
< Figure 9 about here >

Figure 10 shows the pure effect of changing technology on the cumulative change in individual
countries” DVAR, an aspect that has been downplayed in the existing literature. To gauge the
pure effects of technology, we shut down all changes in international and domestic trade costs and
other factors (factor endowment and trade imbalances) in our calibration exercises. As expected,
changes in technology alone cannot explain the data well. As Figure 22 in Appendix D shows, the
pure effect of technology over-predicts the DVAR on average. This explains why more countries
are above the 45-degree line than below it in Figure 10. There is one notable exception that lie
significantly below the 45-degree line — Japan, whose technology stock decreased the most among

all countries.
< Figure 10 about here >

Figure 11 shows the pure effect of changes in “other factors” (factor endowment and trade
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imbalances) on cumulative changes in individual countries’ DVAR, with changes in technology and
international and domestic trade costs being shut down in the counterfactual exercise. As expected,
changes in other factors alone cannot explain the data well, and over-predicts the level of DVAR

on average, as shown in Figure 11. This is consistent with Figure 22 in Appendix D.

< Figure 11 about here >

4.3 Total effect of each factor

After examining the goodness of fit of our model, in this section, we examine the total effects of each
of four main factors, technology, total trade costs, domestic trade costs and other factors. To this
end, we study the difference between the calibration with all changes allowed and the counterfactual
with only one of the factors shut down. For instance, to examine the total effect of technology (7),
we subtract the predicted DVAR with all changes allowed but T shut down (call it DVAR™T) from
the predicted DVAR with all changes allowed.

Figure 12 shows the results of different counterfactual exercises. The total effect of technology,
as illustrated by the blue solid line, is significantly positive, accounting for a close to 4.0 percentage-
points increase in the world’s DVAR. The total effect of total trade costs is significantly negative
(around -2.3 percentage-points), consistent with previous findings (e.g., Johnson and Noguera,

2017). The total effect of domestic trade costs is positive at around 4.7 percentage-points. The
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Figure 11: Pure (stand-alone) effect of changes in Other Factors (i.e. K, L and trade balance).
The predicted cumulative change in DVAR due to changes in Other Factors alone on the y-axis is

plotted against the actual cumulative change in DVAR on the x-axis.

total effect of other factors is marginally positive. Notice that the sum of the total effects of
technology, total trade costs and other factors is not supposed to be equal to the data, as there will

be double-counting of the interactive effects that we highlight in Figure 23 in the appendix.
< Figure 12 about here >

In Figures 13 and 14, we repeat the same exercises to gauge the total effects of the four sets
of exogenous determinants on the DVAR for the developed and developing countries, respectively.
The results look quite similar to the one we showed for all countries in Figure 12. It is worth noting
that the magnitudes of the total effects of technology, total trade costs and domestic trade costs for
the developing countries are all larger than those for the developed countries. This is because the
changes in the magnitudes of the determinants of DVAR are larger for developing countries, which
underwent faster economic changes. Notably, the average magnitude of the total effect of total
trade costs on the DVAR of developing countries is much larger than that of developed countries as
the domestic trade costs and international trade costs of the developing countries both fell faster

than those of the developed countries on average.
< Figures 13 and 14 about here >

Before discussing other counterfactual exercises, let us show the results of our calibration to
assess the total effects of the four determinants of the DVARs of China and the US. As Figure 15
shows for China, the total effect of technology, as represented by the blue solid line, is significantly
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Figure 13: Total Effects of T', 7, § and Other Factors on Developed Countries
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Figure 14: Total Effects of T', 7, § and Other Factors on Developing Countries

positive, reaching about 12% by 2008. This is much greater than the average developing country,
reflecting the fast technological progress of China. The total effect of total trade costs is generally
on a declining trend until the cumulative effect reaches about -7.5% in 2004 and then rises back
to about -5% by 2008. China’s accession to the WTO is obviously an important reason behind
this generally declining trend from 2001. The total effect of “other factors”, which include capital
accumulation and trade balance (which was positive and increasing fast since 2001), increasingly
pushes up China’s DVAR and the cumulative effect reaches +4% in 2008.' This effect is much
larger than that of the average developing country, reflecting that fast capital accumulation and
sustained large trade surplus of China during the sample period. To understand the exceptional
trend of China’s DVAR, one would need to consider both the total effects and the interactive effects

of the factors. This will be our first counterfactual exercise in the next section.
< Figure 15 about here >

Figure 16 shows that for the US, the total effect of technology, as represented by the blue solid
line, is significantly positive, reaching about +1.7% by 2008. The total effect of domestic trade
costs is positive, reaching about +2.0% in 2008. The total effect of total trade costs fluctuates but
with a slight downward trend, reaching about -0.5% in 2008. The “other factors”, which include
trade balance (which was negative, large and generally increasing throughout the sample period),

contribute significantly and increasingly negatively to the US’s DVAR, with the effect reaching all

9 An increase in trade surplus must be accompanied by a fall in the wage (see Dekle, Eaton and Kortum 2007),
which in turn makes domestic goods more competitive, increasing the DVAR. Thus, the effect of trade surplus is

similar to that of technology.
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Figure 15: Total Effects of T', 7, § and Other Factors on China

the way to about -2.9% in 2008.20 This effect is much larger than that of the average developed
country, possibly due to the sustained large trade deficits of the US during the sample period.

< Figure 16 about here >

4.4 Counterfactuals on the impacts of China

We first conduct the counterfactual exercise of shutting down China’s technological progress (i.e.,
assuming that the technology stock of each sector of China for all years are equal to its initial level
in 1995). Before reporting the results of the counterfactuals, it is worth noting that Figure 17 shows
that the DVAR of China rose sharply from 2004 to 2008 by 5%, pushing the cumulative change in
DVAR from 1995 to 2008 up to zero. As we shall show below, this unusual trend is caused by the
significant increase in technology together with reduction in domestic trade costs of China. Now
we turn to the counterfactuals. First, as Figure 17 shows, the predicted DVAR of China’s exports
in the absence of technological progress is significantly lower than the data (solid line), by about
7.0% in 2008. In other words, technological progress in China significantly raised its DVAR, with
the cumulative effect increasing over time (as the gap between the curves for the data and the

counterfactual widens over time).

< Figure 17 about here >

20 An increase in trade deficit must be accompanied by a rise in the wage (see Dekle, Eaton and Kortum 2007),

which in turn makes domestic goods less competitive, reducing the DVAR.
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Figure 16: Total Effects of T', 7, § and Other Factors on the US.
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Figure 17: Effects of Shutting Down Changes in China’s T, 7, and Capital on China’s DVAR.
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Next we conduct a counterfactual of shutting down the reduction in domestic trade costs of
China on China’s own DVAR (i.e., assuming that China’s level of domestic trade costs at each
country-sector pair level for all years is equal to its initial level in 1995). Figure 17 shows that
the predicted DVAR of China’s exports in the absence of reduction in domestic trade costs is
significantly lower than the data (solid line). Specifically, the total effect of the reduction in
domestic trade costs of China cumulatively accounts for about 7% increase in China’s DVAR
during the sample period. As expected, the reduction in domestic trade costs makes it cheaper to

source domestically, increasing the DVAR.

We next conduct the counterfactual exercise of shutting down China’s reduction in total trade
costs (i.e., assuming that China’s levels of domestic and international trade costs at each country-
cum-sector-pair level for all years are equal to their initial levels in 1995). As Figure 17 shows,
the predicted DVAR of China’s exports in the absence of the reduction in total trade costs will be
significantly lower than the data (solid line). This is consistent with the finding in Tombe and Zhu
(2019). During our sample period, the reduction in total trade costs of China reflects two facts:
first, the total trade costs of trading with foreign trading partners declined; second, the total trade
costs of trading with domestic trading partners declined. The first effect tends to lower China’s
DVAR but the second effect tends to raise it. It turns out that there was such a significant internal
trade liberalization in China during this period that the second effect dominates the first, leading to
a positive total effect of the reduction in total trade costs on China’s DVAR. The positive interactive
effect of the reduction in total trade costs and the increase in technology might be one important
reason for the dominance of the domestic trade costs over the international trade costs. Thus,
the reduction of total trade cost leads to more sourcing from domestic markets for the Chinese

producers, raising China’s DVAR.

Next, we conduct the counterfactual exercise of shutting down the changes in the capital stocks
of China — China’s capital stocks in all years take on their initial value in 1995. As Figure 17
shows, the predicted DVAR of China’s exports in the absence of any change in the capital stock
will be lower than the data (solid line), as expected, since an increase in the capital stock raises

the competitiveness of the country, raising its DVAR.

The next two counterfactual exercises examine how shutting down changes in the four exogenous
factors T', 7 and 4, and capital stock in China will affect the DVAR of exports from the rest of the
world (ROW) and that from the US, respectively. Figure 18 shows that shutting down changes in
China’s technology, total trade costs, domestic trade costs and capital stock all lower the average
DVAR of the rest of the world, but the effects are all quantitatively quite small (with all of them

being less than 1% cumulatively).

< Figure 18 about here >
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Figure 18: Effects of Shutting Down Changes in China’s T, 7, § and Capital stock on ROW’s DVAR.

On the other hand, shutting down China’s technological progress, changes in capital stock or
reduction of total or domestic trade costs all have opposite effects on the DVAR of the US from those
on the DVAR of the rest of the world, though the effects of all counterfactuals are quantitatively
small. Specifically, Figure 19 shows that the DVAR of US exports will be higher than the data
(dash line) in the absence of growth in China’s technology stock or capital stock during the sample
period, as expected. Likewise, Figure 19 reveals that the DVAR of US exports will also be higher
than the data (dashed line) in the counterfactual world where China’s total and domestic trade

costs remain at their high levels in 1995, as expected.

< Figure 19 about here >

5 Is a country’s DVAR related to welfare?

This section studies whether a country’ DVAR is related to welfare, as has been presumed to be
positively related by many policy makers. We also want to know whether and how the determinants

of the changes in a country’s DVAR affect the country’s welfare.

Relationship between DVAR and domestic sourcing share

For the changes in DVAR of a country, as we assume that the parameters in the Cobb-Douglas

production function and utility function (o’s, 5’s and +'s) are constants in all the counterfactual
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Figure 19: Effects of Shutting Down Changes in China’s T, 7, and Capital on US’s DVAR.

exercises, we have

dr=[I1—(I-B)G] ' (I-B)(dG)r

where dG =d {ﬂiﬁn’y%’i = {’yifbdwfﬁn , all the changes come from the changes in intermediate
ik

. o e, k ~
- When the country is initially close enough to autarky, m};, ~ 0 for

goods sourcing shares 7
n # m and % ~ 1.2! In this case, the DVARs are sufficiently close to one, and it can be shown
(see the appendix for details) that the changes in the DVAR of a country (aggregated over all
sectors), denoted by DV AR,,, is closely correlated with the changes in the domestic sourcing share

of the country

J .
ADVAR, ~ Y mi 3

n

J
j=1 =1

I o .
kX_Jl N (L= B,) vy, (20)

where m, is the share of exports of sector j goods in the total exports of country n, )\Zf is the row

j column ¢ element of [I— (I —By)Ty] The change in DVAR of a country is approximately
equal to the weighted average of the changes in domestic trade shares in intermediate goods. The
relationship between the DVAR (aggregated over all sectors) and the domestic sourcing share

(aggregated over all sector-pairs) is most easily seen by simplifying the model to a multi-country

one-sector model, in which case the above equation becomes??
1 —
dDV AR,, ~ p dln 7y,
n

21 The average values in the data for these two variables are 0.006 and 0.75 respectively. We can regard the countries

in our sample to be sufficiently close to autarky on average.
221n the special case of a multi-country, one-sector model, I', = 1, B, = ,,, dG,, = dmpn. With 7, ~ 1, and

Tnn & 1, we get the following equation.
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Relationship between welfare and domestic sourcing share

Let us define the welfare of country n, W,,, as the real income of its workers:

W= Br
where Pf is the ideal price index of final consumption. It can be shown that (see the appendix for

details):

din W, = j]jlag; {;il N [dn T — (1 - %) dIndl] — ; (dlmFﬂ + z M z ni*dIn ik >}
a i (21)
where 75 is the final goods domestic sourcing share of country n in sector j, niF = ( BZ) ik
is the row i column k element of the matrix (I — By)T'y. Notice that the welfare gains can come
from direct imports of final goods, and imports of intermediate goods for the production of final
goods through the IO linkage, as well as technological progress in either final goods or intermediate

goods. In the roundabout production setting of Eaton and Kortum (2002), n£i = =l = wt.., the
term dlnmhy + S0, A (1-8L) Zk 1Yk dIn wik

A oy, will reduce to a simple term ZJ Midnze,|

=1"'n
similar to the effect of changes in technology stock. When there is neither roundabout production
nor 10 linkage, B, = ', = I, so that [I— (I — B,)T,] ' = I. Thus, equation (21) will reduce to

equation (11) in Donaldson (2018).

Equation (21) implies that
o

. aJ A]lnlk
- T'L n.n In
J J J+1 ~ik 0
Wi =1Tj=1 [1i= ~ 71152; HJ TS T ( " ) (22)
(%)

where the superscript ¢ = J + 1 stands for final good F', and /\F J F k = [3k which equals 1 when
7 = k and zero otherwise. For the yearly change in welfare, 7r] can be obtained from the data, T!
are estimated in Section 3.2, (5n are solved from the general equilibrium conditions of the model,

and 0, oy, 0¥, pd, as well as )\ff are exogenous parameters. Thus the value of W,, of each year can

be directly calculated.

The theoretical linkage between change in welfare and change in DVAR

According to equation (22), the welfare gains in the model comes from four sources: (i) direct
welfare gains from technological improvement (through ffl), (ii) direct welfare gains from domestic
trade cost reduction (through 3;), (iii) gains from trade in final goods (through effects of 7 | for
i=J+1,5=1.J,k=1..J); (iv) gains from trade in intermediate goods (through the effects of
fori=1..J,j=1..J, k= 1..J). Only the fourth source is closely related to the change in

m’w

the DVAR (aggregated over all sectors) of a country, as it is related to the domestic sourcing shares
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in intermediate goods. If we focus on the expression for gains from trade in intermediate goods,

W/, which is extracted from the second term in the parentheses in (21), we have

din Wl = — MNP (1 - BL) yiFdIn ik, (23)

HM&
:M

J
EPY

D=
WM&

which only assigns different weights to dIn 7% compared to the expression in equation (20), and the
two expressions have opposite signs. Thus it is quite clear that the gains from trade in intermediate
goods tends to be negatively related to the change in DVAR of a country aggregated over all sectors,
when the country is initially sufficiently close to autarky. However, the change in DVAR is not
related to the change in welfare arising from the first two sources of change in welfare, viz. direct
welfare effect from technological improvement (7') and reduction in domestic trade costs (d). Thus,
in general, we expect there to be no statistically significant relationship between the change in
welfare and the change in DVAR of a country. However, equation (22) shows that if we shut down
the changes in 7" and § and only allow internatioinal trade cost k to change, we should expect
there to be a negative relationship between the change in welfare and change in DVAR. Below, we

present some empirical evidence to support this theory.

The empirical linkage between change in welfare and change in DVAR

We present two charts to support our theory.

e We estimate the change in welfare of each country from 1995 to 2008 according to (22) and plot
it against the corresponding change in DVAR. Notably, there is empirically no relationship
between welfare changes and changes in DVAR in the data (Figure 20).

It is noteworthy that, during the sample period, on average, the DVAR of the countries fell,
and their welfare increased. On average, the increases in welfare were due to increases in gains
from trade as well as increases in technology stock 7" and reduction of domestic trade costs §. The

average changes in T, § and « for the countries are shown in Appendix H.

< Figures 20 about here >

e For each country, we carry out a counterfactual of shutting down the changes in its technology
stocks and domestic trade costs, while allowing its importing international trade costs and
all three factors in the rest of the world to change. Then we plot the estimated change in
welfare of each country from 1995 to 2008 according to (22) against the corresponding change
in DVAR and change in 7,, in that country, respectively. The results are shown in Figures
21. As shown in (22), when there are only changes in international trade costs, countries

increase their gains from trade due to the reduction in domestic sourcing shares. Thus, there
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Figure 20: Change in natural log of welfare AlnW,, on the y-axis is plotted against change in

domestic value-added ratio ADV AR,, on the x-axis when no effect is shut down.

is a negative correlation (empirically significant at 1% level) between the changes in welfare
and changes in m,,. As the change in DVAR and change in 7, of a country are positively
correlated, there is also a negative correlation between the changes in welfare and changes in
DVAR of a country (Figure 21).

< Figures 21 about here >

In sum, based on the theory and the empirical evidence, we conclude that there is no relationship
between the change in welfare and the change in DVAR across countries. If the changes in DVARs
are all due to changes in international trade costs x, as Figure 21 shows, then the welfare effects
on countries all come from gains from trade, and, according to Arkolakis, Costinot and Rodriguez-
Clare (2012), the change in welfare is negatively correlated with the change in domestic sourcing
share and therefore with change in DVAR. In this sense, the fall in DVAR contributes to welfare
gains by increasing the gains from trade. However, if welfare is also significantly affected by
changes in technology T' or domestic trade costs §, then there may not be any correlation between
change in DVAR and change in welfare, as the effect of (an increase in) 7" or (a reduction of)
0 can be so large that DVAR increases while welfare also increases, despite a decrease in . In
Figures 25-7?7 in Appendix G, we present counterfactuals of allowing only T or § to change in
each country, respectively. Although the counterfactuals show that there is a significant negative
relationship between welfare and DVAR in each case (i.e. the indirect effect dominates the direct

effect in each case), we treat it as just historical coincidence. In any case, all empirical evidence
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Figure 21: Aln W,, on the y-axis is plotted against ADV AR,, on the x-axis when changes in factors
other than international importing trade costs of that country are shut down while all factors in

ROW are allowed to change.

and counterfactuals indicate that there is no positive relationship between welfare and DVAR.

The implications of our analysis above is that governments should not treat DVAR as a target
for policy-making. A higher DVAR may or may not be associated with higher (or lower) welfare.
Governments should target welfare and allow DVAR to change endogenously according to the forces
of global changes in technology, domestic trade costs, international trade costs and other factors.
The resulting DVAR may increase or decrease, but it does not matter as long as target welfare
level is achieved. This also implies that it is possible that welfare increases but gains from trade

decreases (because of an increase in DVAR), but the former is all that matters.

6 Conclusion

Based on a multi-sector Eaton-Kortum (2002) model with domestic and global input-output link-
ages, we quantify the contributions of different global factors to the changes in individual countries’
DVARs and global DVAR during 1995-2008. In addition to identifying the significant effects of
global changes in international and domestic trade costs, we discover the significant positive im-
pacts of changes in global technology stocks on individual countries’ DVARs and global DVAR. The
contribution of other exogenous factors (global changes in factor endowments and trade balances)
are small. Last but not least, fast-growing countries, like China, which experienced substantial

improvements in technology and reduction in domestic trade barriers, despite falling average total
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trade costs, could have their DVARs increasing over time.

Counterfactual exercises show that the effects of China’s technological progress, reduction of
domestic and total trade costs and increase in trade surplus on the DVAR of its exports are all
significantly positive. While shutting down China’s technological progress or reducing the domestic
trade costs or total trade costs of China reduce the DVAR of the rest of the world, they increase
the DVAR of the US.

We find that there is no relationship between the change in DVAR and welfare change across
countries. However, if we allow only the international trade cost of each country to change, then
the welfare change of each country arises only from the change in gains from trade, and, according
to Arkolakis, Costinot and Rodriguez-Clare (2012), the change in welfare is negatively correlated

with the change in DVAR across countries.
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Online Appendix

A Proofs about the two-country, one-sector simple model

The DVAR of country 1, rq1, is a function of 717 and w92, and therefore a function of ¢, 71 and 75.

The second-order Taylor expansion gives

d?"n = Adﬁll—Bdﬁgz
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where C = Amqy (1 —711) > 0 and D = Braa (1 — ma2) > 0. The last equality follows from
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The pure effect of technology on r11 will be

dt dt\

The pure effect of international trade costs on r1; will be
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The pure effect of domestic trade costs on r11 will be
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B Interactive effects for the two-country, one-sector simple model

Other than the pure effects, we also have the following interactive effects for the two-country,

one-sector simple model.

e The interactive effect between technology and international trade costs

C (11 — m19) <dt> *(+) b D (79 — 7a1) <dt> Cl(ﬁfj) . (24)

t /{1_0 t Ko
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Suppose dk1 < 0 and dks < 0 (so that d/il_e > 0 and d/f2_0 > 0) and 7;; > 0.5 for i = 1,2 (so
that w17 — w12 > 0 and 7oy — 721 > 0). If dt > 0 (dt < 0), then the term is positive (negative).
So, this interactive effect tends to be positive (negative) for a country that has a larger (smaller)
technological progress than the average of the rest of the world. Thus, in a multi-country
setting, if larger countries tend to have smaller (larger) technological progress, then

the aggregate interactive effect on DVAR will likely be negative (positive).

e The interactive effect between technology and domestic trade costs
dt\ (d(c7%) do dt\ (d(c7%) db
— — — — | —-D — — — 2
C (m11 — m12) < t> ( B o0 (ma2 — ma1) < t> = (25)

-0
Suppose m;; > 0.5 for i = 1,2 (so that w113 — 712 > 0 and me2 — w21 > 0). Note that % < 0.2

Thus, we have: 1. If dt and dj are negatively (positively) correlated, then the term is negative
(positive). Thus, in a multi-country setting, if larger countries tend to have d¢ and dj
being positively (negatively) correlated, then the aggregate interactive effect on global

DVAR will likely be positive (negative).

e The interactive effect between international trade costs and domestic trade costs

d(k? f d(rk;° 0
C(m1 — m12) (1> (d( )d5>+D(7r22—7r21) <2) [d( )dél (26)

/Ql_e dé C_e /4,2_0 do 0_0

Suppose dk; < 0 and drs < 0 (so that dk;? > 0 and dry? > 0) and m;; > 0.5 for i = 1,2 (so
)
that w17 — w12 > 0 and 792 — w91 > 0). Note that d((;5 ) < 0. 1. If d6 <0 (dé > 0), then the term

is positive (negative). Thus, in a multi-country setting, if larger countries tend to have
dé < 0 ( dj > 0), then the aggregate interactive effect on global DVAR will likely be

positive (negative).

C Details about the calibration exercises

This section contains some additional technical details about our estimation and calibration process,

which have been omitted in the main text to save space.

e We have combined the last two sectors of the World Input-Output Tables from the WIOD,

namely, the “Other community, social and personal services” and “Private households with

2 : 1=p B . N . .
ZNote that p (w) = %(1;)1 and ¢1 = (1391) ' (B’“l”;l) b Ignoring the general equilibrium adjustments in w1,

Py _ dd | dey dey (1 _ Py i dep _ 1-B; ddy
we have bt = L+ 2L and Tt = (1— ;) 5. This leads to L = 5, 5 Thus 5

—0
agi > 0 and d(zé ) < 0.
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employed persons”, into one. The main reason is that most countries do not have statistics
for the last sector “Private households with employed persons”, which contributes about 2/3
of zeros in the WIOD IO tables.

e In estimating the structural gravity equations, we follows Antras and Chor (2017) to set zero

trade flows to $1.

e To smoothen the yearly fluctuations in the values of trade, we winsorize the estimated com-
petitiveness and the changes in competitiveness by setting the bottom and top 1% values
to the one-percentile and 99-percentile respectively. Similarly, we winsorize the estimated
changes in trade costs by setting the bottom and top 0.5% values to the 0.5-percentile and
99.5-percentile respectively. We also winsorize the yearly changes in domestic final goods
sourcing shares while calculating changes in T using changes in TF P, by setting the bot-
tom and top 0.5% values equal to the 0.5-percentile and 99.5-percentile respectively. These
treatments aim to eliminate the close-to-zero and very large values (they will appear when
the trade values drop to zero or jump from zero to a positive value). We have tried different

cutoffs for the winsorizing and the results are not sensitive to the cutoffs used.

e All the data come from the 2013 version of the WIOD Table, or the corresponding Socio-
Economic Accounts (SEA) dataset of the WIOD database for consistency purpose. All the
variables and parameters are either directly obtained from the data, or calculated from the

data.

D Decomposition exercises

We now discuss how to use our quantitative model as an accounting framework to decompose
the changes in the global and selected countries’ DVARs over time due to the various calibrated
(exogenous) changes in the data. We first quantitatively assess the change in global DVAR due
to changes in only one of the determinants, by shutting down all other determinants in each
counterfactual exercise. The simulated change in the DVAR in each counterfactual exercise by

allowing one determinant to change is referred to as the pure effect of that determinant.

Figure 22 shows the pure effect of each of the determinants. The blue solid line shows the
data. The orange line indicates the effect of shutting down the changes in all determinants but
domestic trade costs. The cumulative effect on global DVAR is about 6% below the 1995 level.
The green short-dash line shows that by shutting down the changes in all determinants but total
trade costs (i.e. allowing international trade costs (k) and domestic trade costs (4) to change),
there is a significantly larger decline in the predicted DVAR relative to the data. Specifically, the
predicted DVAR with only changes in total trade costs will be about 9% lower than its 1995 level,
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Figure 22: Different Pure Effects on Global DVAR

compared to around 4.4% decline in the data. Again, this is not surprising, as we have discussed
both theoretically and empirically about a significantly negative effect of declining international

trade costs on countries’ DVAR during the sample period.
< Figure 22 about here >

When we shut down all other changes but keep the changes in technology (7), we find that
the pure effect of technology is negative (lowers the DVAR). Specifically, as the red long-dash line
illustrates, the predicted DVAR with only changes in technology will be about 2.8% lower than its
1995 level, compared to about 4.4% decline in the data. We also examine the effect of shutting down
all changes but keeping the changes in “other factors” (F'), including factor endowments and trade
balances. As the grey chain line illustrates, the pure effect of “other factors” is positive, implying
a cumulative impact of 0.25% (insignificant) increase in the DVAR of world exports, compared to
the value in 1995. The remaining plot is for the residuals, which are insignificant. This is not
surprising as we allow x to vary at the country-pair-cum-sector-pair level, the most granular level
in our data, so that the degree of freedom is very large. This means that we can match the yearly

changes in the sourcing shares {ﬂf:l} very accurately.

Next we examine the interactive effects. To gauge each interactive effect, we need to conduct
three counterfactuals. For instance, to quantitatively assess the interactive effect from changes
in T and k, we first conduct the counterfactual calibration with only changes in T, and obtain
predicted DVARs (call them DV ART). We then conduct another counterfactual calibration due
to changes in k only, and obtain another set of DVARs (call them DV AR"). Finally, we conduct

the counterfactual calibration with changes in both 7" and &, from which we obtain the predicted
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Figure 23: Effects of Interactive Terms on Global DVAR. x = international trade costs; T =

technology; 0 = domestic trade costs.

DVARs that we refer to as DV ART*. The interactive effect of T and & is obtained by computing
DVAR™ — DVART — DVAR*. We repeat the same exercise to gauge the interactive effects
for other combinations of sets of two determinants out of T, k, §, and F'. Then we evaluate the
interactive effects of the different combinations of sets of three determinants. Finally, the interactive

effect across all four determinants is evaluated.

As Figure 23 shows, the interactive effect from changes in technology and domestic trade costs
as represented by the green long-dash line, is significantly positive. The impact on the cumulative
change of DVAR up to 2008 is about 6.7%. On the other hand, the interactive effect between
international trade costs and domestic trade costs on the cumulative change of DVAR is about
5.1%. The interactive effect of the changes in technology and other factors, as represented by the
pink short-chain line, is negative but very small (-0.23%). The interactive effect from the changes
in international trade costs and other factors (the orange long-chain line) is also negative and very
small (-0.21%). In sum, among the interactive effects, the most important ones are those that

involve changes in technology and domestic trade costs.
< Figure 23 about here >

Table 3 summarizes the pure (i.e. stand-alone) effects of each factor, as well as all possible
interactive effects. For the global DVAR, the stand-alone effects of technology, international trade
costs and domestic trade costs are -2.75%, -8.01%, and -6.13% respectively, while the stand-alone

effect of other factors (i.e., changes in trade balances and factor endowments) is only about 0.25%.
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The four stand-alone effects add up to a number that is much more negative than the data, because
there are positive interactive effects, in particular, the ones that involve the interaction between
changes in technology and changes in domestic trade costs and interaction between international
trade costs and domestic trade costs. They contribute to 6.71% and 5.10% increases in the global

DVAR, respectively.

For the developed countries, the stand-alone effects of technology, international and domestic
trade costs and other factors are -4.12%, -6.10%, -6.71% and -1.22% respectively. On the other
hand, for developing countries, they are -0.15%, -11.63%, -5.03% and +2.98% respectively. As
Table 3 shows, the sum of the pure effects, all the interactive effects and the residual, is equal to

the total effect at the top of table.

< Table 3 about here >

Global Developed Developing

Total -4.36 -4.42 -4.29
Due to global changes in
Technology alone -2.75 -4.12 -0.15
International Trade Costs alone -8.01 -6.10 -11.63
Domestic Trade Costs alone -6.13 -6.71 -5.03
Other Factors alone 0.25 -1.22 2.98
Tech * International Trade Costs 1.14 1.92 -0.29
Tech * Domestic Trade Costs 6.71 7.79 4.59
Tech * Other Factors -0.23 0.88 -2.26
International Trade Costs * Domestic Trade Costs  5.10 4.59 6.12
International Trade Costs * Other Factors -0.21 0.95 -2.34
Domestic Trade Costs * Other Factors -0.04 1.12 -2.17
Txkx*xd -1.22 -1.94 0.07
Txkx*F 0.16 -0.88 2.07
TxdxF 0.16 -0.96 2.24
KxdxF 0.14 -0.90 2.07
All Four Forces (k, T, 9, F) -0.05 0.49 -1.00
Residual 0.61 0.69 0.46

Table 3: Percentage-point Changes in DVAR (1995-2008)
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E Detailed derivation concerning the relationship between a coun-

try’s DVAR and domestic sourcing share

When the changes in parameters 6; are ignored, we have

dr=[I—-(I-B)G| ' (I-B)(dG)r

Based on the above matrix equation, when 7% ~ 1, I — (I - B)G ~I— (I — B)T. Thus, we

have

dr I-(I-B)I '(I-B)(dG)r

= dr, = [I-(I-B,) I, '1I-B,)(dG,)r,

Q

as all matrices become block diagonal matrices, where By, is defined as a diagonal matrix with the

jth diagonal element being Bi;, I‘nz{'y,jf} is the J x J input-output matrix of country n. Thus we

have
. J J . . . .
dDVAR] =~ Y 3 M/ (1-pBL)y*dnik
1=1k=1
J J .. . . .
~ S S N1 - BL) vikdIn 7l

@
i
I
i
I

where DV AR, is the DVAR of sector j of country n. The second approximation above follows
from dlnx = dx/x ~ dx when z is close to one. As dDV AR,, = i m%dDVAR%, where DV AR,
is the DVAR of country n aggregated over all sectors, we have !
dDV AR, ~ il mi fjlkil N (1 - BE)yikdIn ik,
j= i=1k=

To illustrate this empirically, we plot the change in DVAR of each country (aggregated over all
sectors) against the change in domestic sourcing share (aggregated over all sector-pairs) in Figure

24, which shows a positive and highly significant correlation between the two variables.

< Figure 24 about here >

F Detailed derivation concerning the relationship between a coun-

try’s DVAR and the gains from trade

Define the consumer welfare of country n, W, as its real income:

Wn,

Wn=pr
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Figure 24: Change in domestic value-added ratio (aggregated over all sectors) ADV AR,, on the
y-axis plotted against change in domestic sourcing share (aggregated over all sector-pairs) Amp,

on the x-axis.

where PF is the ideal price index of the entire set of final consumption goods j € {1, ..., J}. Denote

the price index of final good j in country n by pli = (<I>fj ) 0, where
Fj N i/ Fiy—0
©, 0 =300 T (ATy))

Thus the percentage change in real income in country n is given by

dinW, = dlnw, -], oldn Pl

/1 .
= ijl al, <9dln oL 4 dlnwn>

(dinT}  dinxkl
= Z;}:laf’b< 0 - 0

+dlnw, — dln c%) (27)

where the last equality follows from dln7h? = dIn T3 — 0dInch, — dIn ®%7, where 5 is the Home

sector-j final good market share of country n.

The percentage change in the unit cost of the input bundle is given by

dlnc!, = pldlnw, + (1— %) dnP’

= Bldlnw, + (1—-p3)dInd) — (1-p) 3L, ,ﬂ;%

: : . . dIn®}
= dnw, —ding, = <1—5z1>z;;n%(dlnwn—dln5%+ 7 )
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which leads to

, A ) } dInTi - dlnw),
dinw, —dlnd, = (1— B3) YL, 3 [(dlnwn—dlnc;) +< r; n_dlndi — n;)] (28)

where the last equality follows from dIn ﬂifn =dInT — OdInc, — dln <I>¥f

For country n, define ¢, = {dInw, —dInc}, which is a J x 1 vector, B,, is defined as a diagonal
matrix with the jth diagonal element being (7, I‘nz{ﬁf} is the J x J input-output matrix of country
n, IL,={(1 - Bil) Z;.Izl i (dlneT’ZL —dIné! — %)}, which is a J x 1 vector. Thus, equation

(28) can be rewritten as

¢, = (I-B,)I'ye,+1I, forn=1,2,..,N
= ¢, = [[-0I-B,) I, 'm,

where [I— (I —B,)T,] " is a typical Leontief inverse matrix. Define M’ as the row j column i
element of [I— (I —B,)T,] " Then

. Joo o J o (dInTk . dln ik
dlnw, —dlnc, = 3357 (1= 5,) 3 7 (9 —dng, - nf)
i=1 k=1

Thus (27) can be rewritten as

Jo o 1dInT) dlrli I o J . /dInTk C dlnik
dmw, = 3 of (4010 dRT i g va(d T —dlnég—dn%>
J=1 0 0 i=1 k=1 0 0
Joo. (1 . J o J J ' ‘
= Lo {9 [dlnTﬂL XN (1-6,) 2 %kdlnT,'f] — SN (1 - L) dInd,
J=1 i=1 k=1 =
1 Fi e i iy N ik ik
=5 (A + SN (1= 5,) X yndinmy, (29)
=1 k=1

The term dInT) + 527, N (1-p%) S 4*kdInTF can be rewritten as

i=1"'n n
T,+[I-1-B,) T, 'I-B,I,T,
= [[-(I-B,) T, 'T,

where T,= {dInT}}. Thus, in (29), dInTj + 37, N7 (1 — B5) S5 vikdIn T = S NidIn T}

n

Therefore, (29) can be rewritten as

J (1 J . . . ‘ 1 R A .
dlnW, =3 ag{g SN [dInT! — (1 - %) dInss] — 7 din7Ed 4 37 My n;’“dlnw;’fn]},
j=1 i=1 i=1 k=1

where ¥ = (1 — ﬁﬁl) 7% is the row 4 column k element of the matrix (I — B,,) T,,. This equation

is just (21).

The welfare gains can come from direct imports of final goods, and imports of intermediate

goods for production of final goods through the IO linkage, as well as technological progress in
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either final goods or intermediate goods. In the roundabout production setting of Eaton and
Kortum (2002), nEi = 7l = xt  the term dlnmbhj + S M (1-pL) S ykdIn 7k will
i

nn?

there is neither roundabout production nor IO linkage, B, = I, = I, [I-(I—-B,)T,] " =1,

reduce to a simple term Z;Izl MidInni, similar to the effect of changes in technology. When

equation (21) will reduce to equation (11) in Donaldson (2018).

Equation (21) implies that

ol

7 ol
= qJ J n J J+l 1) (~ik 0
W, = Hj:l Hi:l ’ Hj:l Hi:l Hk:l (ﬂ—nn>

AN

(%)
where ¢ = J + 1 stand for final goods F', and )\fjngk = 7% which equals to 1 when j = k and zero
otherwise. For the yearly change in welfare, ﬁ;kn can be obtained from data, ﬁ{ are estimated from
data, and g; are solved from the general equilibrium of the model, and 6, ozzl, B, Tﬂf as well as )\Zf

n

are exogenous parameters. Thus the value of /V[7n of each year can be directly calculated.

Gains from Trade relative to Autarky

When we move from autarky, where wfﬁ = Wffn =1, to the current equilibrium, the gains from

trade is o o
agL/\‘ZLI(lfﬁz)’Y?ﬁk

Wpa—1= Hj:l (775%) v Hj:l Hi:l Hk:l (ﬂfn) -1
In the one-sector setting, B, = 3,, and T',, = 1, so [I— (I — B,,)T',] ! = 1/4,,, the RHS of equation
(??) will reduce to

1-8p

(Tpn) P —1

D=

(mn)

which is the gains from trade expression in Section 7 of Antras and de Gortari (2020) when N = 1.

G Further results concerning empirical relationship between wel-
fare and DVAR

The following two counterfactuals show that there is a negative relationship between welfare and
DVAR when we only allow technology of a country to change or its domestic trade cost to change,
respectively, while all the factors are allowed to change in the rest of the world. These results
indicate that the indirect effect through the gains from trade dominates the direct effect in both

counterfactuals.

e For each country, we shut down the changes in its international importing trade costs and

domestic trade costs while allowing its technology stocks and all factors in ROW to change,
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Figure 25: Change in natural log of welfare A In W,, on the y-axis plotted against change in domestic
value-added ratio ADV AR,, on the x-axis when change in determinants other than technology in

that country are shut down while all factors in ROW are allowed to change.

then plot the estimated change in welfare of each country from 1995 to 2008 according to
(22) against the corresponding change in DVAR and change in domestic sourcing share of
each country, respectively. The results are shown in Figure 25. From (22), there are two
effects on welfare when a country only changes its technology stock, the direct welfare gains
from technology improvement, and the indirect welfare effect through the changes in domestic
sourcing shares. There is a negative correlation (empirically significant at 5% level) between
change in welfare and change in domestic trade share. In other words, the indirect effect
dominates the direct effect. As the change in DVAR and change in m,, of a country are
positively correlated, there is also a negative correlation between the changes in welfare and

changes in DVAR of a country. (Figure 25).

< Figures 25 about here>

e For each country we shut down the changes in its technology stocks and international import-
ing trade costs, while allowing its domestic trade costs and all factors in ROW to change, then
plot the estimated changes in welfare of each country from 1995 to 2008 according to (22)
against the corresponding changes in DVAR and changes in m,, of each country, respectively.
The results are shown in Figure 7?7. There are again two effects on welfare, the direct welfare
effect from changes in domestic trade costs, and the indirect welfare effect acting through the

change in domestic sourcing share. There is a negative correlation (empirically significant
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Figure 26: AlnW,, on the y-axis against ADV AR,, on the x-axis when the changes in factors other
than domestic trade costs in that country are shut down while all factors in ROW are allowed to

change.

at 5% level) between change in welfare and change in domestic sourcing share. Thus, the
indirect effect dominates the direct effect. As the change in DVAR and change in 7y, of a
country are positively correlated, there is also a negative correlation between the changes in

welfare and changes in DVAR of a country (Figure 77).

< Figures 7?7 about here >

H List of developing and developed countries, and tables of esti-

mated changes in 7', x and ¢

e Developed countries: AUS, AUT, BEL, CAN, DEU, DNK, ESP, FIN, FRA, GBR, GRC,
IRL, ITA, JPN, KOR, LUX, NLD, PRT, SWE, USA.

e Developing countries: BGR, BRA, CHN, CYP, CZE, EST, HUN, IDN, IND, LTU, LVA,
MEX, MLT, POL, ROU, RUS, SVK, SVN, TUR, TWN.

e Table 4 shows the average yearly changes of T', x and § by country, while Table 5 shows the

time series of changes in T, k and ¢ in China.

<Tables 4 and 5 about here>
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Period: 1995-2008

Country  Mean Yearly Change in  Country Mean Yearly Change in  Country Mean Yearly Change in

InT in ascending order In K in ascending order In§ in ascending order

JPN -0.0685 RoW -0.0178 LUX -0.6791
DNK -0.0322 RUS -0.0168 TUR -0.3858
RUS -0.0295 KOR -0.0168 BGR -0.2535
LUX -0.0278 ROU -0.0167 CYP -0.2407
IRL -0.0238 TWN -0.0166 LVA -0.1950
SVN -0.0235 IND -0.0157 IDN -0.1729
MLT -0.0220 MLT -0.0152 DNK -0.1611
BGR -0.0218 GRC -0.0150 ITA -0.1038
AUS -0.0193 SVN -0.0147 POL -0.1024
ESP -0.0185 CYP -0.0145 HUN -0.0628
ROU -0.0185 DEU -0.0143 BEL -0.0548
BRA -0.0175 ITA -0.0143 BRA -0.0521
ITA -0.0161 LVA -0.0142 IRL -0.0516
PRT -0.0114 LTU -0.0141 KOR -0.0513
BEL -0.0090 FIN -0.0141 MLT -0.0480
GBR -0.0063 CZE -0.0141 ESP -0.0419
DEU -0.0037 SWE -0.0140 ROU -0.0358
IDN -0.0019 PRT -0.0138 AUT -0.0312
RoW 0.0000 DNK -0.0138 CZE -0.0309
HUN 0.0033 LUX -0.0138 CHN -0.0292
MEX 0.0035 HUN -0.0137 SVK -0.0287
AUT 0.0038 BGR -0.0137 CAN -0.0262
SVK 0.0059 JPN -0.0135 PRT -0.0164
FRA 0.0071 NLD -0.0135 EST -0.0162
SWE 0.0093 SVK -0.0134 SVN -0.0090
LVA 0.0103 CAN -0.0133 FRA -0.0051
CZE 0.0132 AUS -0.0133 TWN -0.0013
CAN 0.0134 GBR -0.0133 GBR 0.0011
KOR 0.0135 FRA -0.0132 JPN 0.0039
NLD 0.0152 BEL -0.0132 DEU 0.0043
GRC 0.0182 AUT -0.0130 NLD 0.0087
FIN 0.0191 TUR -0.0130 GRC 0.0152
CYP 0.0191 USA -0.0129 SWE 0.0158
POL 0.0230 IRL -0.0127 FIN 0.0170
TWN 0.0231 MEX -0.0126 AUS 0.0227
USA 0.0276 ESP -0.0125 RUS 0.0242
EST 0.0290 BRA -0.0125 USA 0.0259
TUR 0.0312 EST -0.0123 RoW 0.0546
LTU 0.0496 CHN -0.0114 LTU 0.0614
IND 0.0566 IDN -0.0111 IND 0.0898
CHN 0.1152 POL -0.0096 MEX 0.0957
Average 0.0034 -0.0139 -0.0597

Table 4: Average vearly changes of T', k and § by country



Period: 1995-2008

Year Yearly Change in log T’ Yearly Change in log x Yearly Change in log d
of China when China is the importer when China is the importer

1995 0 0 0

1996 0.0341 0.0014 -0.2188

1997 0.0955 -0.0229 -0.1747

1998 0.0963 -0.0205 0.0306

1999 0.1224 -0.0031 0.1011

2000 0.1207 -0.0364 0.1017

2001 0.1234 -0.0050 0.0486

2002 0.1234 0.0048 0.1332

2003 0.0860 0.0238 0.1322

2004 0.0685 -0.0228 0.0957

2005 0.2515 -0.0093 0.0600

2006 0.1431 -0.0241 -0.2916

2007 0.0704 -0.0066 -0.1642

2008 0.1625 -0.0278 -0.2334

Average 0.1152 -0.0114 -0.0292

Table 5: Time series of changes in T', k and ¢ in China
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