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Abstract Global trade growth has slowed since 2012 relative both to its strong
historical performance and to overall economic growth. This paper aims to quan-
tify the role of weak economic growth and changes in its decomposition in account-
ing for the slowdown in trade using a reduced form and a structural approach. Both
analytical investigations suggest that the overall weakness in economic activity, par-
ticularly investment, has been the primary restraint on trade growth, accounting for
about 80% of the decline in the growth of the volume of goods trade between 2012—
2016 and 2003-2007. However, other factors are also weighing on trade in recent
years, especially in emerging market and developing economies, as evidenced by the
non-negligible role attributed to trade costs by the structural approach.
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1 Introduction

Global trade growth has decelerated significantly in recent years. After its sharp collapse
and even sharper rebound in the aftermath of the global financial crisis, the volume of
world trade in goods and services has grown by just over 3% a year since 2012, less
than half the average rate of expansion during the previous three decades. The slowdown
in trade growth is remarkable, especially when set against the historical relationship
between growth in trade and global economic activity (Fig. 1). Between 1985 and 2007,
real-world trade grew on average twice as fast as global GDP, whereas between 2012
and 2017, it has barely kept pace. Such prolonged sluggish growth in trade volumes rela-
tive to economic activity has few historical precedents during the past five decades.

The reasons for the weakness in global trade growth are still not clearly under-
stood, yet a precise diagnosis is necessary to assess whether and where policy
action may help. How much of the waning of trade is a symptom of the generally
weak economic environment? Private investment has remained subdued across
many advanced and emerging market and developing economies in the aftermath
of the global financial and European debt crises (see IMF 2015a, b), and China has
embarked on a necessary process of rebalancing away from investment and toward
more consumption-led growth. Many commodity exporters have cut capital spend-
ing in response to persistently weak commodity prices. Since investment relies more
heavily on trade than consumption, Freund (2016) argues that an investment slump
would inevitably lead to a slowdown in trade growth (see also Boz et al. 2015; Morel
2015, for example). Other factors could also be contributing to the trade slowdown.
The waning pace of trade liberalization over the past few years and the recent uptick
in protectionist measures could be limiting the sustained policy-driven reductions
in trade costs achieved during 1985-2007, which provided a strong impetus to trade
growth (Evenett and Fritz 2016; Hufbauer and Jung 2016). The formation of cross-
border production chains may have slowed—possibly because their growth matured
or because the cost of trade fell more modestly, or both—implying a slower expan-
sion in such supply chain-related trade (Constantinescu et al. 2015).

In this paper, we explore the reasons for the weakness in trade since 2012 using
two complementary analytical approaches.! We first estimate a standard empirical
model of demand for goods’ imports to determine whether import growth at the
country level has slowed by more than changes in aggregate demand components
and relative prices would predict in recent years. Following Bussiere et al. (2013),
we proxy import demand with the import-intensity-adjusted aggregate demand—
a weighted average of investment, private and government consumption, and
exports—to account explicitly for differences in the import content of the various
aggregate demand components, and to capture the effect of changes in the overall

! Constantinescu et al. (2015) argue that the decline in trade growth relative to economic growth may
have begun in the early 2000s. Since their finding hinges to a significant extent on the choice of measure-
ment to aggregate global trade and GDP, we follow the vast majority of the literature and focus on the
sharp decline in trade volume growth since the end of 2011 (see also Ollivaud and Schwellnus 2015;

OECD 2016).
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strength of economic activity and across its drivers. In light of the global nature of
the trade slowdown, we further improve on the Bussiere et al. (2013) framework and
aggregate more consistently across countries predicted changes in trade driven by
domestic demand at home and in trading partners. A single country can take exter-
nal demand for its goods as given, but for the world as a whole only the sum of indi-
vidual countries’ domestic demands determines global trade growth.

An even more suitable way to tackle the synchronized nature of the trade slow-
down across countries is through the lens of a structural multicountry, multisecto-
ral model of trade. In our second approach, we complement the empirical analysis
by estimating a structural multicountry, multisector model inspired by Eaton et al.
(2010, 2016). The analysis quantifies the importance of changes in the composition
of demand and other factors, such as trade costs—broadly defined—in a global set-
ting. The general equilibrium approach has an additional advantage as it allows the
level of economic activity to respond endogenously to changes in trade patterns and
trade costs, through their effects on prices of intermediate and consumption goods.
This is a channel our empirical model is unable to capture.

We find that the overall weakness in economic activity appears to be a key
restraint on trade growth since 2012. The empirical model of import demand, esti-
mated separately for 150 economies over 1985-2016, suggests that from the per-
spective of an average individual country, a very large share of the decline in real
import growth since 2012 can be traced to weaker investment and subdued export
demand. World goods trade volume growth averaged 2.2% in 2012-2016, down
from 8.1% in 1985-2007 and 9.0% in 2003-2007. Our empirical model can pre-
dict about 80% of the 6.8% shortfall in real goods import growth since 2012 com-
pared with 2003—2007 and about 65% of the 5.9% shortfall compared to 1985-2007.
These declines reflect slower overall growth, a change in the composition of eco-
nomic activity away from more import-intensive components—namely, invest-
ment—and the synchronized nature of the growth slowdown across countries, which
may be in part affected by trade. However, factors beyond the level and composition
of demand are also weighing on trade growth, shaving up to 2% off annual global
real import growth during 2012-2016.

The general equilibrium model, estimated for 34 advanced and emerging mar-
ket economies, similarly finds that changes in the composition of demand explain
about 60% of the slowdown in the growth of the ratio of nominal goods to GDP in
2012-2016 relative to 2003-2007. At the same time, trade costs—which, in the model,
encompass tariffs, non-tariff barriers, cross-border transportation costs, etc.—play a
non-negligible role, accounting for close to a quarter of the slowdown. Their contribu-
tion to the decline in trade growth observed in emerging market economies is even
larger. This mirrors the empirical model’s finding of a more pronounced missing trade
growth since 2012 in emerging market and developing economies.

It is important to emphasize from the outset that providing a precise quantifica-
tion of the role of economic activity in the evolution of trade flows is inherently a
difficult task. Demand for traded goods is clearly a function of economic growth, but
international trade and trade policies can also shape economic activity by influenc-
ing firms’ investment decisions, their access to intermediate inputs, production pro-
cesses, and productivity. For example, the fading pace of trade liberalization since
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the early 2000s may have contributed to slow productivity growth, weak investment,
and lackluster output growth in recent years. As in the vast majority of the trade
literature, our empirical analysis focuses only on part of this complex web of rela-
tionships, as our primary goal is to establish whether recent trade dynamics are con-
sistent with the observed level and composition of output growth given historical
patterns of association. The structural analysis takes a more holistic approach as, in
general equilibrium, the level of economic activity, production structure, and trade
patterns are jointly determined by trade costs, preferences, and productivity. How-
ever, due to its stylized representation of the real world, the model is unable to cap-
ture all the channels through which trade may affect output.

Our study contributes to a growing literature that seeks to understand the behav-
ior of trade around the global financial crisis and the associated “Great Trade Col-
lapse,” and in the recent slowdown period.> While a number of studies examine
the role of weak growth and its composition in the decline in trade growth (see, for
example, Amiti et al. 2016; ECB 2016; Kindberg-Hanlon and Young 2016; Morel
2015; Ollivaud and Schwellnus 2015), our study is the first to complement a disag-
gregate empirical analysis for over 150 countries going back to 1985 and a multi-
country general equilibrium approach. The latter is particularly suitable to under-
standing the trade slowdown given its widespread nature and in light of the existing
feedback loops between international trade and economic activity.

In addition, we make a couple of methodological contributions. In our empirical
analysis, we provide extensions to the Bussiere et al. (2013) framework by using
external demand predicted by trading partners’ domestic demand, rather than actual
exports. This extension allows us to more consistently aggregate predicted changes
in trade driven by domestic demand at home and in trading partners, given the global
nature of the slowdown. On the structural front, we extend the model of Eaton et al.
(2010) by introducing a tradable commodities sector to be able tease out the role of
the price and trade dynamics in this sector during the recent slowdown.

The rest of the paper is organized as follows. Section 2 starts by documenting
the evolution of trade growth across various dimensions to establish the key styl-
ized facts about the recent slowdown in trade. Section 3 discusses the analysis of the
trade slowdown based on an empirical model of import demand, in order to quan-
tify the role of economic activity and its composition. Section 4 presents a struc-
tural multicountry, multisector model of production and trade, which allows us to
measure the importance of changes in the composition of demand, and trade costs,
among other factors. Section 5 concludes.

2 See Baldwin (2009) and papers therein, Bussiére et al. (2013), Eaton et al. (2016) and Levchenko et al.
(2010), among others.

3 Hoekman (2015) and papers therein, ECB (2016), Kindberg-Hanlon and Young (2016), Lewis and
Monarch (2016), OECD (2016), Ollivaud and Schwellnus (2015) and Timmer et al. (2016), among oth-
ers, examine the drivers of the global trade slowdown. Amiti et al. (2016) and Hong et al. (2016), on the
other hand, examine the drivers of slowing trade in the case of the USA and China, respectively.
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2 The Slowdown of Trade Growth: Some Stylized Facts

An investigation into the evolution of global trade using annual data reveals several
key patterns.*

e Unlike the great trade collapse, there is a marked difference in how trade has
evolved since 2012, depending on whether trade is measured in real or nominal
US dollar terms. In real terms, world trade growth has slowed since the end of
2011; in nominal US dollar terms, it has collapsed since the second half of 2014
due to the sharp drop in the price of oil and the strength of the US dollar (Fig. 2,
panel 1).

e The slowdown in real trade growth has been widespread across countries, both
in absolute terms and relative to GDP growth. Compared with the 5 years lead-
ing up to the global financial crisis, growth of goods and services imports dur-
ing 2012-2016 slowed in 142 of 169 countries. When measured relative to GDP
growth, the slowdown occurred in 122 countries.

e The contours of the 2012-2016 slowdown varied by broad country group and
sector. Across country groups, the slowdown was sharp at the outset of the
period in advanced economies following the euro area debt crises, but import
growth picked up thereafter in line with the modest recovery in those econo-
mies. In emerging market and developing economies, the slowdown was ini-
tially milder, but became more severe during 2014-2015, driven by weaker
imports in China and macroeconomic stress in a number of economies. There
is a small recovery in emerging market and developing economies’ imports
during 2016, which was mostly driven by China (Fig. 2, panels 2 and 3).

e Across sectors, services trade remained more resilient than goods trade, as was
the case during the global financial crisis (Fig. 2, panel 4). Within goods, the
decline in real trade growth was most pronounced for capital goods, followed by
primary intermediate goods, and durable consumption goods. Trade in nondura-
ble consumption goods, on the other hand, held up relatively well (Fig. 2, panel
5). The sharper slowdown of trade in capital and durable consumption goods
(including cars and other nonindustrial transportation equipment), which is a
large part of investment expenditures, points to the potential role of economic
activity, particularly investment weakness, in holding back global trade growth in
recent years.

# Data on total nominal and real trade for goods and services, as well as imports deflator and GDP defla-
tor used in Sections II and III, are from the IMF’s World Economic Outlook Database. Sectoral real trade
flows which underpin Fig. 2, panel 5, are constructed from disaggregated data on trade values and quan-
tities at the Harmonized Commodity Description and Coding Systems (HS) two-digit level from United
Nations Commodity Trade Statistics database. See IMF (2016) for more details.

¥



The Slowdown in Global Trade: A Symptom of a Weak Recovery? 445

1. World

5 !

it T

1
T T

o
[

-5 | mmmm Real import growth mmmm Real GDP growth
-10 + — Average real import growth----- Average real GDP growth

1960 65 70 75 80 8 90 95 2000 05 10 15

15
10 {

2. Advanced Economies

511 1 1 ' ] NN

o WLARALNRNURRUNRL NAND, o RARNANES kDS b RIDNL, Thidt
-5

-10

-15

190 65 70 75 80 8 90 95 2000 05 10 15

3. Emerging Market and Developing Economies

20 -

il LU RN

1 l
SO 11111011001 111
1 L

1960 65 70 75 80 85 90 95 2000 05 10 15

Fig. 1 World real trade and GDP growth in historical perspective (Percent). Note: Imports include goods
and services. The charts are based on an unbalanced sample of countries comprising 100 countries in
1960 and 189 in 2016. Annual aggregate import (GDP) growth is calculated as the weighted average of
country-specific real import (GDP) growth rates, where nominal import (GDP at market exchange rates)
shares are the weights used. Source: IMF staff calculations

3 The Role of Output and Its Composition: Insights from an Empirical
Investigation

To gauge the role of economic activity and shifts in its composition in an empirical
framework, we examine the historical relationship between import volumes of goods
and services and aggregate demand during 1985-2016 to predict a country’s import
growth from observed fluctuations in its domestic expenditures, exports, and relative
prices. We then compare the predicted import growth with actual trade dynamics to
assess whether trade has been unusually weak since 2012 given its historical rela-
tionship with economic activity.
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3.1 Models of Import Demand

We begin by estimating a standard import demand model that links import volume
growth of goods and services separately to growth in demand, controlling for rela-
tive import prices. As discussed in Levchenko et al. (2010), an import demand equa-
tion, which relates growth in real imports to changes in absorption and relative price
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levels, can be derived from virtually any international real business cycle model.
The exact empirical specification is:

AlnM,., = 6.+ fp AInIAD,, + fp,
in which M,

.»1AD,, and P, denote, respectively, real imports, aggregate demand,
and relative import prices of country ¢ in year .’ Relative import prices are defined
as the ratio of the import price deflator to the GDP deflator reported in the IMF’s
World Economic Outlook database.

Most studies typically use a country’s GDP or domestic demand as a proxy for
aggregate demand (absorption). In contrast, the analysis here follows the innova-
tion of Bussiere et al. (2013) and computes the import-intensity-adjusted aggregate
demand (IAD), as a weighted average of traditional aggregate demand components
(private consumption, government spending, investment, and exports). This approach
explicitly accounts for differences in the import content of the various aggregate
demand components and captures the effect of changes in the overall strength of eco-
nomic activity and across its drivers. The latter is especially important in the study
of the global trade slowdown. Investment, together with exports, has a particularly
rich import content, and it has been weak in many advanced economies still recover-
ing from the global financial and European debt crises. It has also decelerated sig-
nificantly in many emerging market and developing economies, including in China,
which is undergoing a rebalancing of its economy away from investment.

As in Bussiere et al. (2013), import-intensity-adjusted aggregate demand is com-
puted for each country c as:

Aln P.,+e (1)

C

IAD,, = CCGO 17X, )

in which o, is the import content of each of the expenditure components for
k € {C,G,I,X}, normalized to sum to 1. Import content is computed from the har-
monized Eora Multi-Region Input—Output (MRIO) country-specific tables averaged
over 1990-2011.° Similar to patterns described by Bussiére et al. (2013), Table 1
shows that there are significant differences in the usage of imports across aggregate
demand components.” Investment and exports have a much richer import content
compared with consumption and government spending, but with heterogeneity across
countries. For example, while the import content of investment in Canada, Germany,
and Mexico is above 40%, that of other countries is just above 10% (see Table 2).

3 Following the literature, we do not restrict the elasticity of imports to aggregate demand to be one. See
the appendix of Bussiere et al. (2013) for a theoretical foundation for an elasticity that is not restricted to
one.

% Import intensities evolve over time, in response to changing trade costs and international production
fragmentation. As the goal of our analysis is to quantify the importance of these other factors in the
recent trade slowdown, we use the average import content for each country. It is also worth noting that if
import intensity were perfectly measured in each period and the import intensity weights were allowed
to vary over time, the model would be able to fully account for the level of imports (although not their
growth rates).

7 See IMF (2015b), Jiiiskeld and Mathews (2015), Morel (2015), Hong et al. (2016), and Martinez-Mar-
tin (2016) for further examples of analysis of trade growth based on import-intensity-adjusted aggregate
demand, with substantially smaller samples of countries.
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Table 2 Import content of aggregate demand components of G20 economies. Sources: Eora Multi-
Region Input—Output database; and IMF staff calculations

Consumption Government Investment Exports
spending
Argentina 11.5 34 14.7 23.0
Australia 20.7 11.2 15.3 18.1
Brazil 10.6 33 13.8 17.4
Canada 22.7 10.4 494 37.9
China 11.3 7.9 17.3 194
France 223 8.6 37.2 27.7
Germany 21.2 7.5 43.0 32.0
India 6.9 6.8 15.8 16.2
Indonesia 17.6 11.1 17.6 22.7
Italy 19.6 6.3 333 31.0
Japan 10.8 33 13.0 10.5
Korea 24.5 19.4 37.7 31.5
Mexico 14.5 33 48.9 242
Russia 17.8 9.0 12.3 20.8
Saudi Arabia 20.3 11.3 20.1 21.5
South Africa 18.8 7.1 17.6 35.7
Turkey 16.3 9.7 29.9 33.6
United Kingdom 25.2 12.3 36.9 34.7
United States 9.6 7.8 12.6 135

The table reports the import content of the four components of aggregate demand, averaged over 1990—
2011. See Bussiere et al. (2013) for the exact definition of import content and its computation from
input—output tables

In addition to the measure proposed by Bussicre et al. (2013), we estimate an
alternative model of import demand that we believe is better suited to understand
the drivers of a global trade slowdown. While a single country can take external
demand for its goods and services as given, for the world as a whole, only the sum
of individual countries’ domestic demand determines global import growth. Hence,
instead of treating exports of a particular country as an exogenous source of demand
as implicitly done in Eq. (1), we separate the domestic components of import-inten-
sity-adjusted aggregate demand (domestic IAD or “DIAD”) from exports, and proxy
changes in exports with changes in trading partners’ domestic demand. Intuitively,
this procedure takes into account the fact that one country’s exports are other coun-
tries’ imports and can ultimately be expressed as a function of trading partners’ con-
sumption, investment and government spending.

In our preferred alternative model, domestic absorption is proxied by import-
intensity-adjusted demand using only the domestic components of aggregate
demand, namely:

(Ull

DIAD,, = Coi' G I}, 3)

e



450 A. Aslam et al.

and the influence of external demand in a country’s imports is captured by the
domestic import-intensity-adjusted demand of its trading partners, A In DIADp,t.8

AInM,, = 8.+ fpp AInDIAD,, + f% > 4, - AInDIAD,  + f, AInP,, +¢,,.

p#c
“4)

This reduced form approach aggregates other countries’ final domestic demand by
weighing each partner’s DIAD,, , by the share of total exports of country ¢ that are
imported by country p, u.,, = X,.,,/X.,.- While it is difficult to interpret the esti-
mated reduced form coefficients, ﬂg’c and fpp ., our primary interest is predict-
ing import growth based on its historical relationship with measures of countries’
domestic absorption and relative prices, in order to assess how unusual the trade
slowdown period is.

In an alternative specification, we first predict demand for a country’s exports by
its trading partners’ DIAD, by estimating the following:

_ sX | pX X X
AlnX,, =6 +p5 Y ., - AInDIAD,, + f5 AlnP¥ +€¥,. )
p#Fe
and recovering predicted export growth for each country Aﬁc’,. We then model a
country’s import growth as:’

AlnM,, =8, + fpp AINDIAD,, + fpy AInX,, + fp AP, +£.,.  (6)

The advantage of this alternative approach is that we explicitly control for the
role of relative prices, A In Pﬁ ,» in the export demand equation. In practice, our find-
ings are very similar under these alternative approaches as discussed below.

Tables 3, 4, and 5 present the results from estimating Egs. (1), (4), and (6) for
growth of real overall imports, as well as separately for goods and services. The
period of analysis is 1985-2016, though data are not available for all countries in
all years. As in Bussiere et al. (2013), the baseline specification assumes that import
growth depends only on the contemporaneous growth rate of the explanatory vari-
ables; however, the findings discussed in this paper are robust to the inclusion of
lags of the dependent and explanatory variables’ growth rates to allow for richer
dynamics.

For comparison with other studies, we first estimate Eq. (1) in a panel frame-
work—in other words, where all the countries in the sample are pooled, and the
same elasticities of import growth with respect to its determinants are imposed
across countries (see columns (1), (5), and (9)). The remaining columns of Tables 3,

8 We thank an anonymous referee for this suggestion.

° The inclusion of a generated regressor in Eq. (6) complicates the consistent estimation of standard
errors of the regression coefficients. Moreover, all models implicitly treat changes in relative import (or
export) prices as exogenous, which is not necessarily the case, and may lead to biased estimates of the
price elasticity of imports (exports). However, as noted above, we are interested only in the predicted
import growth, rather than the elasticities or their confidence intervals.
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— Actual Import Growth ——Predicted import growth based on DIAD
—— Predicted import growth based on IAD Predicted import growth based on DIAD +X
Services
154 15
10 \/ 10 -
5A/\Fﬂ\/ /‘j \
0 HHHHHHHHHHH ‘HHHH
5
-10 -10 -
-15 - -15 -

1985 90 95 2000 05 10 15 1985 90 95 2000 05 10 15

Fig. 3 Empirical model: actual and predicted growth of real goods and services imports, full sample
(Percent). Notes: Actual and predicted lines display the average of country real import growth rates,
weighted by import shares. Predictions are based on an import demand model, estimated country by
country, by linking real import growth to growth in import-intensity adjusted demand and relative import
prices. DIAD = import-intensity-adjusted demand using only own and partners’ domestic components of
aggregate demand, see Eq. (4); DIAD+X = DIAD and exports predicted by trading partners’ DIAD, see
Eq. (6). Source: IMFstaff calculations

4, and 5 report the mean and the interquartile range of the estimated coefficients
from a country-by-country estimation.

The regression results demonstrate that estimating the import demand model sep-
arately for each country is noticeably superior to estimation in a panel framework
(compare, for example, the R-squared reported in column (2) versus column (1)).
This is due to the substantial variation in the income elasticity of imports across
countries. On average, advanced economies’ imports have higher income elastic-
ity than do those of emerging market and developing economies, particularly in the
case of goods imports.'? In light of this finding, in the remainder of this paper, we
discuss results based on a country-by-country estimation of import demand mod-
els. Tables 3, 4, and 5 also highlight the more limited ability of measures of import
demand based solely on the domestic components of aggregate demand (columns
(3), (7), and (11)) to explain the variation in import growth observed in the data.

3.2 Results

Figure 3 depicts the actual evolution of import growth over the 1985-2016 period
and the predicted growth based on the three benchmark models described above.
For both goods and services, the empirical models’ predictions closely track the
dynamics of actual import growth until 2012 particularly when predicted values are

10 This finding is in line with Slopek (2015) who demonstrates that the shift in relative growth from
advanced toward emerging market economies can account for much of the decline in the global trade
elasticity in light of the lower income elasticity of trade of the latter.
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calculated using the IAD measure based on all four aggregate demand components
instead of only those for domestic demand. The figure does reveal, however, that
after 2012, the annual growth of real goods imports was consistently lower than
any of the model-based benchmarks. For services, the actual and predicted import
growth series remain close to each other for the entire period.

To examine more rigorously whether trade growth in the 2012-2016 period is out
of the ordinary, we pool the residuals e/c\, from estimating Eqgs. (1), (4), and (6) for
each country in the sample and estimate the following specification:

€. = 0Const(1 = Dygjy_y6,) + Const(Dag1n_16,) + Geo @)

where  D,g15 16, is an indicator that takes the value of 1 for
t € {2012,2013,2014,2015,2016}. The coefficients 8 and t capture the average
value of the residuals during the 1985-2011 and 2012-2016 periods, respectively.
Regressions are weighted by countries’ nominal import shares (in US dollars) to
more accurately capture the deviations from predicted growth for the world as a
whole (or groups of countries).'!

Tables 6 and 7 present the regression results for goods and services real import
growth, respectively. Similar to the patterns depicted in Fig. 3, Panel 1, for goods
imports, the residuals are, on average, significantly less than zero across all sam-
ples and specifications in 2012-2016, implying that indeed goods import growth
is “missing” at the global level during the recent slowdown period (see columns
1-3). The extent of “missing” goods import growth varies across advanced and
emerging market and developing economies, with emerging market and develop-
ing economies having significantly larger (in absolute value) residuals. According
to the baseline specification, which proxies import demand with country’s own and
partners’ domestic import-intensity-adjusted demand—Eq. (6), residuals in columns
(2), (5), and (8) in Table 6—the missing goods import growth amounted to about
1% in advanced economies, 3.3% for emerging market and developing economies,
and 1.8% for the world as a whole (see also Fig. 4). In the case of services, there
is no robust evidence of an unexplained slowdown in import growth during the
2012-2016 period for the world as a whole.'

The results are also consistent with the time profile of the trade slowdown across
countries discussed in Fig. 2 in the previous section. In Fig. 4, we present the aver-
age residuals for the whole sample, as well as for advanced and emerging market
economies, separately for each year post-2012. For advanced economies, the unpre-
dicted slowdown in import growth occurred in 2012. Since then, goods import
growth has recovered and is close to model-predicted values on average (Fig. 4,
panel 2). For emerging market and developing economies, the missing goods import
growth is larger and has become more pronounced over time (Fig. 4, panel 3).

' The findings discussed below are robust to the inclusion of country fixed effects in Eq. (7) or to clus-
tering the standard errors by country.

12 These findings are also robust to controlling for the role of uncertainty, global financial conditions,
and financial stress in the economy when analyzing the import demand model residuals, as discussed in

IMF (2016).
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Fig. 4 Empirical model: dif- m Predicted based on DIAD m Predicted based on IAD
ference between actual and Predicted based on DIAD+X

predicted growth of real goods
imports (Percent). Notes: Bars
display the average residuals, 1
weighted by import shares, 0
from an import demand model, 1
estimated country-by-country,
linking real import growth to
growth in import-intensity-
adjusted demand and relative
import prices. Black markers
denote the 90 percent confi-
dence interval. Source: IMFstaff Advanced Economies
calculations [

) 7FuII Sample

1985-2011 2012 2013 2014 2015 2016

1985-2011 2012 2013 2014 2015 2016

_Emerging Market and Developing Economies

1985-2011 2012 2013 2014 2015 2016

Overall, these results suggest that the strength of economic activity and its com-
position are unable to fully account for the slowdown in goods import growth begin-
ning in 2012, especially in emerging market and developing economies. But how
much of the observed decline in trade growth can be explained by the empirical
models discussed above?

To answer this question, we decompose the observed slowdown in goods import
growth rates between the period prior to the global financial crisis and during
2012-2016. We take both a long view (1985-2007) and a short view (2003-2007)
of the pre-crisis period, comparing each of these intervals with 2012-2016 to estab-
lish what share of the slowdown the empirical model could and could not match. We
further allocate the predicted slowdown into the shares attributable to the different
aggregate demand components.

Figure 5 and Tables 8, 9, and 10 present the actual and predicted change in aver-
age real goods import growth between 2012 and 2016 and the two benchmark peri-
ods using two of the empirical models. The model which relies on all four aggregate
demand components—the most relevant from an individual economy’s perspective

e
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Fig. 5 Empirical model: decomposing the slowdown in real goods imports growth (Percentage points). p
Notes: Bar A decomposes the difference in average real goods import growth between the two periods
into portions predicted by consumption and relative prices, investment, exports, and an unpredicted
residual. Bar B apportions the component predicted by exports into what can and cannot be predicted by
domestic demand from trading partners, using an iterative procedure. Bar C decomposes the difference in
average real goods import growth between the two periodsinto what can and cannot be predicted by own
and trading partners’ domestic import intensity-adjusted demand (DIAD). Source: IMF staff calculations

which takes demand from its exports as given—can account for 86% of the observed
decline in import growth between 2003-2007 and 2012-2016, and 84% of the
observed decline in import growth between 1985-2007 and 2012-2016. The lion’s
share of the slowdown can be traced to declines in investment and export growth,
especially if we focus on the slowdown relative to 2003—-2007, when capital spend-
ing in many emerging market and developing economies, including China, was
growing at an unusually brisk pace.

The importance of changes in export growth as a driver of the slowdown of
import growth in individual economies reflects two factors: (1) the tight linkages
between a country’s imports and exports as production processes become increas-
ingly fragmented across borders, and (2) the globally synchronized weakness in
economic growth in recent years. These two factors have contributed to the wide-
spread nature of the trade growth slowdown across countries and have amplified its
magnitude.

To trace the role of domestic demand in the global trade slowdown, we break
down for each country the share of the decline in import growth accounted for by its
exports into: (1) the predicted value of its trading partners’ import demand, attrib-
utable to domestic demand; (2) the predicted value of its trading partners’ import
demand, attributable to exports; and (3) a residual portion unaccounted for by the
model. Iterating in this fashion, it is possible to fully allocate the global goods
import slowdown to domestic demand components and an unpredicted portion as
depicted in the middle bar of each panel of Fig. 5. This procedure reveals that, for
the world as a whole, changes in economic activity can account for about 80% of
the decline in the global goods import growth rate. The unpredicted portion of the
slowdown in global goods import growth is larger than for the average economy, as
impediments to trade at the individual country level are compounded in the aggre-
gate. Using the import demand model based on domestic and partners’ DIAD yields
a very similar pattern as revealed in the right bar of the panels in Fig. 5 and columns
(9)—(15) of Tables 8, 9, and 10.

There are important differences in the empirical models’ ability to predict the slow-
down in trade across broad country groups. In advanced economies, over 90% of the
decline in import growth in 2012-2016 relative to 2003—2007 can be ascribed to changes
in economic activity. In emerging market and developing economies, the empirical
model can predict a much smaller share of the trade slowdown, especially relative to the
longer comparison period of 1985-2007, suggesting that other factors are also at play.

Ultimately, the empirical exercise reveals that the slowdown in goods import
growth during 2012-2016 is not just a symptom of weak activity. About 80% of the
global trade slowdown can be traced to the combined effect of slower overall growth,

e
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a change in the composition of economic activity away from more import-intensive
components—namely, investment—, and the synchronized nature of the growth slow-
down across countries. However, at the global level, goods import growth rates dur-
ing 2012-2016 have fallen short by about 1.8% on average relative to what would be
expected based on the historical relationship between trade flows and economic activ-
ity. This is not a trivial amount: the level of real global goods trade would have been
more than 8% higher in 2016 had it not been for this missing trade growth. An alterna-
tive way to think of the magnitude of the unexplained loss of trade is by computing
how much import tariffs would have to increase in order to reduce global trade by
this amount. We follow the methodology in Feenstra (2002) and Blomberg and Hess
(2006) to estimate a “tariff equivalent” as 100*(exp(7/1 —o) — 1) where T is the per-
cent trade loss in 2016 and o is the elasticity of substitution between domestic and for-
eign goods. As is common in the literature (e.g., Anderson and Van Wincoop 2003),
we set the value of ¢ equal to 5. This estimate suggests that the tariff-equivalent cost of
the unexplained slowdown in global trade amounted to 2.2% in 2016."3

The empirical approach described above is well established in the literature, but
carries two important caveats. First, as previously discussed, it focuses narrowly on
only one side of the relationship between economic activity and trade: the link from
the former to the latter. Other factors can simultaneously affect economic activity
and trade, in particular, trade policies. Not taking these into account would likely
lead to an upward bias in the estimated role of economic activity in predicting trade
flows. In an extended robustness check, we establish that this bias is likely small.'*

Second, as a partial equilibrium analysis—the empirical model takes each coun-
try’s external demand as given—it is insufficient on its own to analyze a synchro-
nized trade slowdown across many countries. While we have presented alternative
specification that overcome this limitation, an even more suitable way to capture
the synchronized nature of the trade slowdown is through the lens of a multicoun-
try general equilibrium structural model. The general equilibrium approach also
allows for an endogenous response of the level of economic activity and output
to changes in trade patterns and trade costs through their effect on intermediate
and consumption goods’ prices, thus addressing partially the first limitation of the
empirical approach as well.'>

13 For comparison, Abiad et al. (2014) estimate that the tariff-equivalent costs of a financial crisis in
the importer country are between 1 and 2% in the year of the crisis and in the range of 2-5% in the year
following the crisis. The contemporaneous tariff equivalent costs of terrorist incidents, revolutions, and
interethnic conflicts calculated by Blomberg and Hess (2006) are also in the range of 1-3%.

4 To correct for the potential for role of trade policies in shaping economic activity, we first purge
aggregate demand components of the effect of trade policies before constructing our measure of IAD.
Doing so yields slightly larger “missing” trade growth during 2012-2016. For the average economy,
the share of the decline in import growth predicted by changes in economic activity—by construction
orthogonal to trade policies—and relative prices is 83%, compared to the 86% using the baseline specifi-
cation. See IMF (2016) for further details.

15 As is the case with most general equilibrium models of trade, certain channels through which trade
affects output, for example, the dynamic productivity gains from greater trade openness, are not captured.
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4 The Role of Demand Composition and Trade Costs: Insights
from a Structural Investigation

In this section, we examine the slowdown in the growth of trade in goods relative to
GDP growth in nominal terms by adapting the multisector, multicountry, model of
production and trade in Eaton et al. (2010). Trade imbalances are allowed but treated
as exogenous as in Eaton and Kortum (2002).!° Since this is a general equilibrium
model, wages and prices are endogenously determined, including in the counterfac-
tual scenarios. Our main object of interest is nominal import growth in relation to
GDP growth.

4.1 Framework

In our framework, countries trade to exploit their comparative advantage in goods
production. However, international trade is costly: it involves transportation costs
and man-made trade barriers, such as tariffs. Countries weigh these trade-related
costs against the efficiency gains from trade to determine whether and how much to
produce, export, and import. The model also includes a rich input—output structure
allowing the output from each sector to be used as an input to other sectors.

One important modification to the framework of Eaton et al. (2010) is the inclu-
sion of a fourth sector composed of commodities in addition to two manufacturing
sectors (producing durable and nondurable goods) and a residual sector, which cov-
ers primarily non-tradable services.!” This is an important addition because the trade
slowdown is more pronounced when commodities are considered, not only because
of the decline in this sector’s prices but also in its quantity traded. Second, com-
modities constitute important intermediate inputs and thus impact the production of
manufacturing sectors through the input—output linkages. Bringing in information
about commodity trade shares, prices and production can thus improve the accuracy
of the estimated wedges for the manufacturing sector.'® However, the model does
not separate investment from consumption, and the findings on the role of demand
composition should be interpreted in light of this limitation.

According to the model, observed trade dynamics can be attributed to changes
in four specific factors, or “wedges”: (1) composition of demand; (2) trade costs
(or frictions); (3) productivity; and (4) trade deficits, following the business cycle

16 This model incorporates the canonical Ricardian trade model of Eaton and Kortum (2002). Eaton
et al. (2016) extend the static model of their 2010 work to explicitly model the role of investment in a
dynamic framework. However, the dynamic version of the model has a heavier data and computational
requirement, making its estimation for a large number of emerging market economies not feasible for this
study.

17 Sectors are aggregated along the lines of Eaton et al. (2010) with the exception that (i) mining and
quarrying and (ii) coke, refined petroleum products, and nuclear fuel are stripped out from the residual
services sector and used to quantify the commodities sector.

18 1n this Ricardian model of trade, trade in commodities occurs as a result of differences in the effi-
ciency of production. This can be mapped to the real world — for example, oil importers have reservoirs
deep underground and extraction is more inefficient than for oil exporters.
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accounting approach of Chari et al. (2007). These time-varying wedges act as
shocks to preferences, cost of trade, productivity, and trade deficits, thereby influ-
encing agents’ economic decisions, including whether to trade. When the observed
patterns of sectoral trade, production, and prices are analyzed through the lens of
the model, the model endogenously allocates changes in actual trade flows to these
four wedges so that the implied trade dynamics match those in the data exactly. The
four factors are sector and country specific and are identified within the framework
as follows:

e The demand composition wedge captures changes in the share of a sector’s out-
put in total final demand. For example, if weak investment reduces demand for
durable manufactured goods disproportionately more than the demand for other
goods, changes in trade flows will be attributed to this wedge.

e The trade cost wedge accounts for changes in preferences between domestically
produced and imported goods that are not due to relative price changes. For
example, if prices in all countries remain fixed, but a country consumes more
domestically produced durables than imported durables, this would be attrib-
uted to rising trade costs. These trade costs may include tariffs, subsidies for
domestic production, non-tariff barriers, cross-border transportation costs, and
so forth."

e The productivity wedge reflects countries’ comparative advantage. As a country
becomes more productive in a particular sector, it exports more output from this
sector to its trading partners and consumes more of this sector’s output domesti-
cally.

e The trade deficit wedge is necessary to ensure that the model can perfectly match
imports and exports for countries that run trade deficits or surpluses.

Many of the key hypotheses about the causes of the slowdown in global trade rela-
tive to GDP can be mapped to these factors. A slowdown in trade growth, which
mostly reflects shifts in the composition of economic activity, will be captured in the
demand composition wedge. On the other hand, if the erection of trade barriers or a
slower pace of trade liberalization underpins the slowdown, the model would attrib-
ute this to a rise in the trade cost wedge. By generating counterfactual scenarios in
which only one factor is allowed to change, the model can quantify the role of these
wedges in the current trade slowdown in a general equilibrium setting. For example,
in the scenario with only the demand composition wedge active, the model allows
the demand composition to change as observed in the data but keeps trade costs,
productivity, and trade deficits constant. For the purposes of this paper, only the

19 The model does not feature any nominal rigidities or variations in the length of global value chains.
This implies that observed fluctuations in trade flows due to these two factors will be imperfectly attrib-
uted to one of the four wedges. For example, the depreciation episodes of emerging market currencies
appear to boost the trade cost wedge as trade values decline more than spending on domestic production
in US dollars due to incomplete exchange rate pass-through. Similarly, changes in global value chain
growth also tend to be absorbed by the trade cost wedge as exemplified by significant declines in meas-
ured trade costs for Vietnam.
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results of the counterfactual scenarios for the first two wedges (demand composition
and trade costs) are presented.?’

Production and trade in the commodity sector are modeled as for the manufactur-
ing sectors, and so the functional forms of the equations for the latter can be applied
to the former. This means there is an additional set of equilibrium conditions that
serve to pin down prices, trade shares, and spending in the commodity sector.’!
Using the notation of Eaton et al. (2010), necessary modifications to the equations
provided therein are listed below and the full set of equations characterizing the
model are provided in “Appendix”.

e Sets of all sectors and tradable sectors are redefined to include commodities,
Q= {Dr,N,C,S}and Q; = {Dr,N, C}, respectively, where C denotes the index
for the commodities sector. This modification introduces additional equilibrium
conditions to pin down prices, trade shares, and spending in the commodities
sector.

e The market clearing condition for each country is rewritten to sum across all sec-
tors including commodities:

1
D N C _ ! vyl
Yir+Yi +Yi - 2 Z”nixn
1Q, n=1

which equalizes country i’s gross output (on the left) to global spending on this
county’s tradable output (on the right).

4.2 Data, Solution, and Calibration

The analysis uses annual sectoral data on production, bilateral trade, and pro-
ducer prices for 2003-2016 to apply the accounting procedure for 17 advanced
and 17 emerging market and developing economies, thus extending both the
geographical and temporal coverage of Eaton et al. (2010). The analysis thus
accounts for 75% of world trade. Numerous data sources were spliced to obtain
the necessary time coverage through 2016. In 2016, four of those countries are
excluded (Austria, Finland, Thailand, and Vietnam) due to lack of disaggregated
trade data at the time of the analysis.

For sectoral gross production, data through 2009 or 2011 are from the Organ-
isation for Economic Co-operation and Development (OECD) Structural Analy-
sis Database, where available. For countries not included in this database, World
KLEMS, OECD Input—Output Tables, and Eora Multi-Region Input—Output

20 The trade deficit wedge played a negligible role during the recent trade slowdown. The productivity
wedge exhibits some interesting dynamics, but they can be ascribed mostly to the recent supply-side-
induced price changes in the commodity sector.

2! The modified system of equations is available on request from the authors.
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(MRIO) database are used. For most advanced economies, national sources pro-
vide data through 2014, which are used to extrapolate forward the data from the
multinational sources. Remaining gaps in the data are filled using the growth
rates of sectoral industrial production and producer price indices. These indi-
ces tend to be more disaggregated than the four sectors considered in the analy-
sis. The weights for this aggregation are based on the latest available production
data. For the bilateral sectoral import and export flows, data for Belgium and
the Philippines are rescaled such that total import and exports from the United
Nations Commodity Trade Statistics database match those from the IMF World
Economic Outlook database to adjust for the inclusion of re-exports in the
former.

The solution procedure utilizes the “exact hat algebra” developed by Dekle
et al. (2007) to solve for counterfactual spending and trade shares, and changes
in wages and prices. The variables solved in changes are expressed as a ratio
of their end-of-period to beginning-of-period value (gross changes form) given
values for the four wedges. Next, the wedges are solved for in a way that the
variation in the key endogenous variables implied by the model’s equations
matches their variation in the actual data. Counterfactual scenarios—in which
certain wedges are turned on and off—rely on the first step of this procedure, in
which outcomes are pinned down taking the values of wedges as given. Since
the framework is static, the solution procedure is run separately for consecutive
year-pairs by feeding in data for 2 years at a time.

Calibrated parameters include the input—output coefficients, value-added coef-
ficients, and the inverse measure of the dispersion of inefficiencies that governs
the strength of comparative advantage in each sector. Following Eaton and oth-
ers 2010, the inverse measure of the dispersion of inefficiencies is set to 2 and
assumed to be the same for all sectors. The literature’s estimates for this param-
eter vary greatly. Setting it to equal 8 as in Eaton and Kortum (2002) yields sim-
ilar results. The remaining parameters are pinned down using the 2011 OECD
Trade in Value database. The only exceptions to this are the value-added coef-
ficients for the “rest of the world” category consisting of countries outside of the
sample. Those coefficients are set so as to match the exports-to-production ratio
of each sector in the data. The exports-to-production ratios are calculated by
aggregating exports and production in 2013 for all countries in the Eora MRIO
database excluding the 34 countries used in the exercise.

4.3 Results

Comparing the results from the two counterfactual scenarios with the actual data
on the gross growth of nominal import-to-GDP ratio for 2003-2016 (Fig. 6, pan-
els 1, 3, and 5) yields the following insights:

e During 2003-2007, nominal goods trade grew faster relative to GDP because

of both shifts in the composition of demand and reduced trade costs. In
advanced economies, these two factors were about equal in importance; in
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Fig. 6 Structural model: actual and model implied evolution of nominal import-to-GDP ratio. Notes: p
Actual and simulated lines in Panels 1, 3, and 5 display the ratio of gross growth of nominal goods
imports to gross growth of nominal world GDP, (M,/M,_;)/(Y,/Y,_,), and their period averages (solid
lines). A value of one indicates that nominal imports and GDP grow at the same rate. The simulated
effect of demand composition and trade costs are obtained through counterfactual exercises in which
only the corresponding wedge is allowed to operate, holding all other factors affecting production and
trade constant. A decline in trade costs corresponds to an increase in the depicted trade wedge as it
boosts model implied trade values. Bars in Panels 2, 4, and 6 display the difference in the average growth
of the import-to-GDP ratio described above between 2003—07 and 2012-16 implied by: (1) the data; (2)
by the model with the demand composition wedge only, and (3) by the model with the trade cost wedge
only, that is,the differences in the period averages depicted in Panels 1, 3 and 5. Source: IMF staft calcu-
lations

emerging market and developing economies, falling trade costs took a leading
role, particularly for China, which is consistent with its accession to the World
Trade Organization in 2001.

e The 2012-2016 slowdown in the growth of the nominal goods import-to-GDP
ratio was characterized by a shift in demand toward non-tradables and by a
shift within tradables toward nondurable manufactured goods. For the world,
the expenditure shares of all three tradable sectors declined; the share of com-
modities fell more than others given that sector’s price declines. The perfor-
mance in the last 2 years in the ratio of nominal import growth to GDP growth
was mostly linked to the shifts in commodity prices.

e The model attributes that largely to wedges in the commodity sector. How-
ever, other wedges played a role, too, with their relative contribution varying
across countries. For example, China stands out in terms of a rise in trade
costs. Although it is difficult to pinpoint the driver of this finding, it may be
indicative of the flattening of global value chains. Brazil experienced a signifi-
cant decline in the share of durable manufacturing goods in its expenditures,
which depressed the growth of imports.

Comparing results of the alternative scenarios for 2003-2007 with those for
2012-2016 reveals that changes in demand composition alone accounted for almost
60% of the slowdown in world trade growth relative to GDP growth (Fig. 6, panels 2,
4, and 6). In addition, the shift in the composition of demand has been more impor-
tant in advanced economies than in emerging market and developing economies. For
the world, trade costs also played a non-negligible role: the model attributes close to
25% of the slowdown in the growth of nominal import-to-GDP ratio to changes in
this factor. Reductions in trade costs boosted trade in 2003-2007, while their pace
of decline fell considerably in 2012-2016. When combined—that is, when changes
in the composition of demand and in trade costs are allowed to shape trade flows
simultaneously—the model can account for close to 80% of the slowdown.*

22 Adding up the results under four counterfactual scenarios, each featuring a different wedge, does
not necessarily yield the scenario containing all wedges at the same time. The wedges can amplify or
dampen each other when they are present simultaneously, so that the sum of the fraction of the data they
can account for individually can be greater or less than one.
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Studying the values for the demand composition wedges, i.e., shares in final
demand, by sector reveals the flattening of the share of durable manufacturing
coupled with a steady decline in the share of commodities during the slowdown
period (Fig. 7, panel 1). While the share of durable manufacturing sector continued
to rise during this period in emerging market and developing economies, this rise
took place at a much slower rate than the pre-global financial crisis benchmark of
2003-2007, when investment was growing at an unusually fast rate in these coun-
tries (Fig. 7, panel 3). The sum of all three tradable sectors’ shares decreased mod-
estly by ¥2 percentage points during the slowdown after increasing by almost four
percentage points prior to the crisis period. These results provide further evidence
to support our finding that the fast growth of investment provided a strong impetus
to trade prior to the crisis and this impetus vanished post-2012.

5 Conclusions

Despite their significant differences, the two analytical approaches deliver a consist-
ent message. The global slowdown in trade reflects to a significant extent, but not
entirely, the weakness of the overall economic environment and compositional shifts
in activity. Empirical analysis suggests that, for the world as a whole, about 80%
of the decline in trade growth since 2012 relative to 2003—-2007 can be predicted
by weaker economic activity, most notably subdued investment growth. While the
empirical estimate may overstate the role of output given the feedback effects of
trade policy and trade on growth, a general equilibrium framework suggests that
changes in the composition of demand account for about 60% of the slowdown in the
growth rate of nominal imports relative to GDP. According to both methodologies,
demand composition shifts have played a larger role in the slowdown in advanced
economies’ trade, relative to that in emerging market and developing economies.
And, finally, both the structural model and the reduced form approach suggest a role
for other factors, including trade costs, in the observed slowdown in trade.

What can be done so that trade can play its role in helping promote productivity and
growth in the context of slow and fragile global activity? First, this paper’s findings
suggest that much of the trade slowdown appears to be a symptom of the many forces
that are holding back growth across countries, possibly including the slower pace of
reduction in trade costs and slow trade growth itself. Addressing these constraints to
growth and, in particular, investment should lie at the heart of the policy response for
improving the health of the global economy, which would strengthen trade as a by-
product.”* Second, this paper’s findings also suggest that trade policies, which shape
the costs of the international exchange of goods and services, are still relevant. With

23 The 2017 outturns in terms of import growth and the evolution of the different output components
already confirm some of our conclusions. Using the 2017 data that are now available at the time of
revising the paper, the out-of-sample projection of import growth by of our country-specific reduced-
form approach is 5.2%. This is very close to the actual (5.4%) aggregated import evolution during 2017.
Moreover, in terms of output components, the higher imports in 2017 reflect mostly the 2017 rebound in
investment as highlighted in our results.
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Fig. 7 Structural model: —Durables = ——Nondurables = ——Commodities
demand composition wedges
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other factors, notably weak investment, already weighing on trade, resisting all forms
of protectionism and reviving the process of trade liberalization to dismantle remain-
ing trade barriers, would provide much-needed support for trade growth, including
through possibly kicking-off a new round of global value chain development.

Appendix: General Equilibrium Model

This Appendix lays out the details of the structural model discussed in Section IV.
The framework is the same as that developed by Eaton et al. (2010) except for the
modeling of the commodities as a separate sector.
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Sectors

There are four sectors: two manufacturing sectors broken down into durables and
nondurables, commodities and a residual sector labeled as services. The commodi-
ties sector includes “mining and quarrying” and “coke, refined petroleum products
and nuclear fuel.” The residual sector comprises primarily services but also includes
“agriculture, hunting, forestry and fishing.” The sets of all sectors and tradable sec-
tors are defined as Q = {Dr,N, C,S} and Q; = {Dr, N, C}, respectively, where Dr,
N, C, and S denote the durable, nondurable manufacturing, commodities, and ser-
vices sectors.

Gross Production, Absorption, and the Trade Balance

There are I countries indexed by i and sectors are indexed by j. Goods markets
are perfectly competitive, and production is constant returns to scale. Y{ and X’
denote gross production and absorption, respectively, of country i in sector j. The
dlfference between production and absorption yields the sectoral trade deficit,
X’ D’ whose sum across all sectors yields the overall trade deficit of country
i 2 10 D’ D;. The world market clearing requires the sum of all countries’ deficits
in each sector to sum to zero: z D’l 0. Output can be used as intermediate good
in production or as final good. A Cobb—Douglas aggregator is used to aggregate sec-
toral inputs that enter production.

Input-Output Structure

Value-added in each sector is a share ﬁ" of the sector’s gross output. The share of a
sector / as an intermediate good in the productlon of sector j is denoted by y’ where
Yo y’ = 1. Following Eaton et al. (2010), we assume both the value- added and
intermedlate input goods’ shares to be constant over time but variable across sectors
and countries. Given the assumed input—output structure, the relationship between
gross output and GDP is: Z o ﬂ’ Yj Y;. GDP is also given by ¥; = X; — D, where
X; is absorption. Labor is moblle across sectors within a country. Denotlng wages
and labor as w; and L;, respectively, GDP is also simply ¥; = ZJEQ wiLji = w;L, since
investment and capital are not explicitly modeled.

Sectoral Demand

Total demand for a sector’s output is the sum of demand for final consumption and for
use as an intermediate good. Denote af the share of sector j consumption in country
i’s final demand. Using the input—output structure introduced, the following condition
characterizes sectoral demand:
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1

Xj= X +2 1/ (1-5)Y}

—— [eQ
Final —_—
demand Intermediate

input demand

where the second term on the right-hand-side sums the use of sector j output as
intermediate inputs across all sectors. Since trade in sector S is not explicitly mod-
eled, the services sector can be “folded in” after some algebra, and the sectoral
demand equations can be reduced to three, one for each traded sector:

X] =& (wL +D;) - D+ Y 77(1 - f)!
1€Q;

In this formulation, the input—output parameters have been redefined and renormal-
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The production structure follows Eaton and Kortum (2002) in that each sector com-
prises a continuum of goods indexed z, which are produced with an efficiency of H(2).
As standard in this type of models, d :(2) is a random variable with a country— and sec-

tor-specific Fréchet distribution spemﬁed as Ff(a) Pr [a’ () < a] =e T T{ gov-

erns the location of the distribution, i.e., country i’s overall efficiency in sector j. 6 con-
trols the dispersion of efficiencies within the distribution and thus the strength of
comparative advantage.

Prices and Trade Costs

Denoting the input cost, which includes the cost of labor and intermediate goods, with
c’ and the constant returns to scale assumption, the cost of producing a unit of good z is
c’ /a; (z) Trade is subject to standard iceberg costs, d’ Therefore, the price offered by
country i of good z in county n is: p/ (z) = cJ[ d. Ja (z) Countries shop around for the
lowest price supplier, and thus, the price actually pald for good z is the minimum of the

prices offered by potential trading partners, i.e., pL(z) = min { p; (2) }

Taking prices as given, buyers maximize a CES objective function with an elasticity
parameter of ¢/ subject to their budget constraints. Utilizing the properties of the effi-
ciency distribution and the CES objective function, sectoral prices can be written as,
where ¢/ a function of ¢/ and 6:

¥
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; j 1-p .
Noting that the cost can be written as ¢} = - W I (p’.)y'< 7) to take into
A e, !

account the cost of labor and intermediate inputs, and substituting it in the sectoral
price equation above yields:

o (o0 )E) |

J
i=1 ieQ, A,

Trade Shares
Define ﬂ‘i ; as the share of country n’s expenditures on sector j goods imported from

country i. Total demand for country i’s sector j goods summed across all importers
add up to its output:

1

]

Y=Y mX
n=1

As in Eaton and Kortum (2002), trade shares can be written as

]

i ni

Y IT’[dd’]

ni

Substituting in the expressions for input costs and sectoral prices above yields:
i |
] 2(1-7) ) 2
™, = lwi <H (I’zl')y ( >>,_]
leQp A,p{'t

The market clearing conditions equalize country i’s gross output (on the left) to
global spending on this county’s tradable output (on the right).

Dr N C _ 1
Yi’+Yi +Yi ZZiI’ann

[€Qr n=

Market Clearing



476 A. Aslam et al.

Substituting the expression for the trade shares in the sectoral demand function
yields:

1
Y=t +0) ot + 3 10-A)( B )
n=1

leQ,

Labor supply is fixed, so labor market clearing requires L; = L.

Solving for the Counterfactual Scenarios

As described in the main text, the solution procedure utilizes the “exact hat algebra”
a la Dekle et al. (2007). Denoting changes using “hat”s and next period or coun-
terfactual values using “prime”s, where X = x’/x, key equations that pin down the
model’s equilibrium for a given set of wedges can be rewritten as follows.

Market clearing:

() + () + (x0)' = [0 (2] -

I I I
n=

1 n=1 n=1

Sectoral demand (noting that Y’ l’ = Ww,Y; given fixed labor supply):

(x) = (&) e 00) - ) + T 70-) | 3 ()

1€Q; n=1

Sectoral price:

ni N =0
N 0] -7 (1-7) \ [ i

) =x W I I !

< "ll> ’llwl <IGQT (pl) ><A‘llﬁ£1

The four equations above constitute a system of nonlinear equations with four sets
of unknowns: wage changes, price changes, counterfactual or end-of-period sectoral
demand, and trade shares. The solution procedure starts with a conjecture for wage
changes. It then solves for prices changes by iterating on the sectoral price equa-
tion above. Conjectured wage changes and price changes consistent with the wage
change conjecture are plugged in the trade share equation to obtain counterfactual

¥
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trade shares, which are subsequently used to compute sectoral prices. Finally, the
procedure checks whether the market clearing condition holds and updates the wage
conjecture accordingly. If the market clearing is satisfied up to a low numerical error
threshold, the procedure stops.

Obtaining the Wedges

The sectoral demand equation using matrix notation is:
X, =Y, +D, =X, +TY,

where I'; is a matrix with yilj (1 — ﬁf ) in the /th row and jth column and the sectors
are ordered as Dr, N, C, and S. Demand composition wedges can then be calculated
by substituting in the empirical counterparts of the right-hand-side variables in the
following equation:

- Lix 1Ty
o= (X, ~TY,).

L

Trade deficit wedges, D’l are exogenous and simply fed from the data.
Changes in trade cost wedges are obtained using data on bilateral trade shares
and sectoral prices, and the standard gravity equation in changes:

N RN
(dil [.> = <i> . The condition to back out changes in the productivity wedges

Pn

can be derived by rearranging the above equation that characterizes the changes in
trade shares:
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