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CESifo Working Paper No. 10349

Multinational Production and Global Shock
Propagation during the Great Recession

Abstract

I investigate multinational production (MP) patterns during the Great Recession and their impact
on trade and shock transmissions across countries. Addressing the “Multinationals’ Resilience
Puzzle” — which questions why multinational enterprise (MNE) sales were more resilient than
domestic counterparts in an average country yet MP’s share in global GDP decreased — I find that
larger countries faced greater MP declines and high MP intensity countries saw larger GDP drops.
These patterns can be explained by adverse MNE productivity shocks in major economies that
propagated to their MNEs elsewhere and reduced GDP in MP intensive countries. To quantify the
spillover effects, I develop a model of MP, sectoral linkages, and global value chains. The model
shows that, considering MNEs’ involvement in trade, supply-side productivity shocks contributed
almost as much to world total trade decline as demand shocks. MNE shocks had a more significant
impact on cross-country trade variations compared to demand shocks. MP linkages amplified
productivity shocks from key headquarters countries on global MP, trade, and welfare,
highlighting the importance of productivity shocks and their propagation through MNEs in
understanding the “Multinationals’ Resilience Puzzle”.
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1 Introduction

While economists have acknowledged the significant involvement of multinational enter-
prises (MNEs) in international trade, understanding of their impact on shock transmis-
sions and trade patterns across countries during the Great Recession remains limited.'
What roles did MP and trade play in the global propagation of shocks? Did multinational
production (MP) exacerbate or mitigate the decline in trade? These insights guide policy-
makers in deciding whether MP and foreign direct investment (FDI) should be strength-
ened during times of crisis and escalating trade tensions.

I start with addressing the “Multinationals” Resilience Puzzle” during the Great Re-
cession. As shown in Figure 1, from 2008 to 2009, global foreign affiliate sales by multi-
national enterprises (“global MP”) declined by 11% relative to world GDP (when global
trade declined by 12% relative to world GDP - the “Great Trade Collapse”).? Interestingly,
Alviarez et al. (2017) find that MNEs did not significantly differ from domestic firms in
performance whereas other previous studies (Alfaro and Chen 2012 and Kamal and Kroff

2021) show that MNEs experienced smaller sales declines during the Great Recession.

I resolve this puzzle by documenting that the decline of global MP mainly stemmed
from the negative performance of MNEs originating from major economies and operating
within MP-intensive countries. Decomposing the global MP and trade declines relative
to GDP within and between countries, I find that MP declined less than GDP for an av-
erage country, consistent with previous works.> However, countries with larger GDPs
experienced a greater MP decline, while countries with high MP intensity saw a larger
GDP decline. Hence, the global MP decline was likely driven by a few key headquarters

countries, contrasting with the widespread trade collapse in nearly all countries.

Adverse MNE productivity shocks in key headquarters countries, which subsequently
spread to and negatively affected their MNEs’ performance in other nations, thereby re-

ISpecifically, Bernard et al. (2009) shows that MNEs account for 1.1% of all US firms but 90% of US
exports and imports. According to the OECD Analytical Activities of Multinationals Database (Cadestin
et al., 2019), MNE foreign affiliates account for 10% of global GDP but 40% of global trade with foreign
affiliates on at least one side of the transaction (in 2008). Also see Antras and Yeaple (2014), Ramondo et al.
(2015), among others.

2This paper refers to the Great Recession as the period between 2008 and 2009. The ratio of world
aggregate trade to world GDP fell from 0.29 to 0.26. The ratio of world total foreign affiliate sales to world
GDP fell from 0.26 to 0.24. As a benchmark, world real GDP dropped by 1.7% (World Bank). Measures
of global MNE foreign affiliate sales, trade, and GDP are acquired from the OECD Analytical Activities of
Multinational Enterprises Database (Cadestin et al., 2019). See Levchenko et al. (2010), among others, for a
review of the literature on the Great Trade Collapse.

3] also find that MP declined less than GDP for an average country-sector pair.



Figure 1: Global MP and Trade Collapse in the Great Recession
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Description: The figure shows that both world total foreign affiliate sales and world total trade collapsed relative to world GDP in
the Great Recession (2008-2009, shadowed years). The data source is OECD Analytical Activities of Multinationals (OECD AAMNE)
Database.

ducing GDP in MP-intensive countries, could explain these patterns. To quantify the
spillovers on international trade and welfare, I develop a model of multinational produc-
tion and global value chains, taking into account shocks affecting sectoral final demand,
MNEs’ final demand, domestic and foreign affiliate productivity, as well as trade and
MP costs. The model'’s key feature is that MINEs face headquarters-trade partner specific
frictions for international trade. These frictions govern MNEs’ vertical /horizontal-ness
and explain why MNE status and headquarters countries influencing MNEs’ sourcing
and selling locations. Additionally, to produce tradable output, firms utilize labor and
MNE-specific composite goods from all sectors.* These composite goods exhibit a nested
sourcing structure, with an outer nest allowing substitution across host economies and an
inner nest enabling substitution across MNEs within host economies. The MNE sourcing
and selling frictions, along with the nesting structure, allow the model to precisely match
the data. The matched market shares facilitate the computation of model counterfactuals.

I estimate parameters and shocks in the model using a new dataset that covers sec-
toral, international trade, and domestic sales by domestic firms and foreign affiliates - the
OECD Analytical Activities of Multinational Enterprises Database (OECD AAMNE). I de-
velop a new method to estimate sectoral trade elasticity and MNE elasticity (substitution
elasticity across MNEs within the host economy), taking advantage of tariff exposures
that shift the production costs by domestic firms and MNEs differently.” The estimated

sectoral trade and MNE elasticities are higher for durable manufacturing sector than for

“These composite goods includes both physical goods and services.
>The estimation strategy is built on Head and Mayer (2019).

2



non-durable manufacturing and non-manufacturing sectors. Additionally, the MNE elas-
ticities are smaller than the trade elasticities. I use data and model inversion to precisely
back out the shocks related to MNE productivity, their ability to source from and sell to
countries that are not their headquarters, and final demand for MNEs, which I term MNE-
specific shocks. Additionally, I obtain the shocks that have been examined by previous
trade collapse literature using trade-only models.

The cross-sectional fact that I documented — foreign affiliates trade more with their
headquarters and countries in closer proximity to their headquarters — became more pro-
nounced during the Great Recession. MNE-specific shocks were affected by distances:
larger distance between countries resulted in increased sourcing and selling frictions be-
tween MNE headquarters and trade partners, as well as reduced MNE productivity and
tinal demand for MNEs between MNE headquarters and host countries during the Great
Recession. However, these shocks were less adverse when the headquarters had stronger

pre-Recession trade and investment ties with the host countries.®

To examine the propagation of domestic productivity shocks through MP linkages, I
estimate the share of headquarters’ productivity in foreign affiliates” productivity. Doc-
umenting that a foreign affiliate’s productivity consists of both headquarters” and host
country’s components, it can vary differently than domestic firms in both countries, caus-
ing domestic productivity shocks to propagate through MP networks. I find that the
headquarters accounts for 6% (non-durable manufacturing) to 37% (durable manufactur-
ing) of foreign affiliate’s productivity.

My first set of simulation results highlights the importance of shocks affecting MNEs.
Accounting for MP, supply-side productivity shocks contributed almost as much (36%) as
demand-side forces (38%) to global trade decline. Without MP, the majority of the impact
from MNE-specific shocks would be seen as final demand shocks, making them appear
responsible for the majority of the trade collapse. Among the MNE-specific shocks exam-
ined, MNE relative productivity shocks had the most significant impact on both world
total trade and MP collapse. After the Great Recession, due to the recovery in headquar-

ters countries, MNE-specific shocks also contributed to the global trade recovery.

MNE-specific shocks played an even larger role in cross-country trade variation.”

Due to greater heterogeneity in MP collapse compared to trade collapse across countries,

®This finding is consistent with Alfaro and Chen (2012), who find that the foreign affiliates with stronger
intermediate goods trade and financial ties with the headquarters were more resilient during the Great
Recession.

7T measure country-level trade collapse with the changes in the average of its imports and exports rela-
tive to its GDP. I measure a country’s MP collapse with the changes in the average of its inward MP (sales
made by foreign affiliates hosted by this country) and its outward MP (sales made by the country’s affiliates
hosted by other countries) relative to its GDP.



and the MP collapse’s concentration in a few key headquarters countries, MNE-specific
shocks accounted for 25% of trade collapse variation, nearly as much as domestic produc-
tivity shocks (29%), and 12% of welfare variation. In contrast, final demand shocks were
responsible for just 2% of cross-country trade variations. Among MNE-specific shocks,
reduced sourcing from non-headquarters countries contributed the most to trade collapse
variation, and relative productivity shocks had the greatest impact on MP collapse varia-
tion. The high trade intensity of MNEs, driven by sourcing and selling frictions, was the
primary reason for MNE shocks affecting the trade collapse.

In the second set of simulations, I explore cross-border shock propagation. I find that
domestic productivity shocks in a country can significantly impact the global economy if
propagated through MP headquarters linkages by affecting MNE productivity. Through
these links, the impact of domestic productivity shocks on global trade collapse increased
by 40%, and global MP collapse by 20%. Additionally, the impact of domestic productiv-
ity shocks on cross-country variations of trade collapse, MP collapse, and welfare changes

increased by 12%, 84%, and 45% when propagated through MP headquarters linkages.

MP allows shocks in major countries to spread more extensively than through inter-
national trade alone. MNE-specific shocks impacting top global MP headquarters signifi-
cantly influenced MP collapse and welfare in other countries. For example, MNE-specific
shocks in the top ten headquarters countries explained 30% of MP collapse variation and
8% of welfare changes elsewhere. In contrast, domestic productivity shocks in the top
ten countries in terms of trade, MP, or GDP did not explain variations in other countries’
trade collapse or welfare when propagated only through trade. However, when domes-
tic productivity shocks in the top ten headquarters countries could spread through MP

linkages, they explained 17% of trade collapse variation across other countries.

In the end, examining the “Multinationals” Resilience Puzzle” using the model, the
puzzle can be explained by productivity shocks and their transmission from key MP
headquarters to host countries. Productivity shocks from the top ten headquarters cause
more significant declines in MP relative to GDP in larger countries, increased GDP re-
ductions in MP-intensive countries, and resilience of MP relative to GDP in an average
country. However, final demand shocks or domestic productivity shocks, if they only

propagate through trade linkages, are unable to account for these patterns.

These findings show that MNE-specific shocks in these key headquarters countries
propagated globally, leading to the joint declines of their MNE performances and MP-
intensive countries’ output. Consequently, shocks to MNEs had a greater impact on cross-
country variations in trade collapse, MP collapse, and welfare. In contrast, final demand

shocks against durable manufacturing goods occurred in nearly all countries and con-
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tributed to the decline of world total trade but had limited effect on the cross-country
variations. The post-Recession recovery in MP headquarters also contributed to global
trade recovery after the Great Recession. Therefore, global policymakers, particularly in
countries hosting numerous MP activities, should strengthen MP linkages with econom-
ically stable headquarters.

This paper contributes to the literature on MNE performances during the Great Re-
cession by building on the empirical findings of Alfaro and Chen (2012), Alviarez et al.
(2017), Kamal and Kroff (2021), and Basco et al. (2023). These studies explore poten-
tial factors driving the MP collapse and highlight a previously unexplored international
dimension of recessions. Moreover, Biermann and Huber (2019) and Bena et al. (2022) in-
vestigate the transmission of shocks from headquarters and key subsidiaries to a broader
set of foreign affiliates. This paper also connects to the extensive literature on trade col-
lapse, with works like Alessandria et al. (2010a,b), Bems et al. (2010), Levchenko et al.
(2010), and Eaton et al. (2016), who attribute the global trade collapse primarily to the
decline in demand for the durable manufacturing sector, a sector with higher trade in-
tensity. While previous literature analyzed trade and MP collapses separately, this paper
proposes a quantitative framework to assess the mutual impact of trade and MP shocks,
revealing that MNE-specific shocks account for a significant portion of the trade collapse.
Furthermore, this paper is the first to reveal that compared to the final demand shocks,
MP shocks contributed more to the cross-country variations in the trade and MP collapse.

The paper builds on the literature that studies the propagation of shocks across re-
gions and sectors. Several previous studies have found that trade linkages (Kehoe and
Ruhl 2008, Di Giovanni et al. 2018, Huo et al. 2019, Dhyne et al. 2021, among others),
input-output connections (Caliendo and Parro 2015, Caliendo et al. 2017, Baqaee and
Farhi 2019a, Baqaee and Farhi 2019b, Foerster et al. 2019, among others), and relationships
between MNE headquarters and host countries (Cravino and Levchenko 2017, Alviarez
et al. 2020, Bilir and Morales 2020) can result in economic shocks affecting other parts of
the economy. I introduce a tractable framework accounting for all three channels. I find
that MP propagation from headquarters to foreign affiliates significantly amplified the
impact of domestic productivity shocks in top headquarters countries on trade, MP, and

welfare in other countries.

This paper also builds on the theoretical literature of multinational production. It
extends Ramondo and Rodriguez-Clare (2013), Tintelnot (2017), Arkolakis et al. (2018)
to incorporate sector linkages and the MNEs’ sourcing and selling frictions with non-
headquarters countries. It introduces the MNE sourcing frictions and sectoral input-
output linkages into Head and Mayer (2019) and Wang (2019), and it introduces both the



sourcing and selling frictions into Alviarez (2019). An analysis ignoring either friction will
not capture differences in MNEs’ sourcing and selling patterns from various headquar-
ters. Moreover, disregarding these frictions underestimates the impact of MNE-specific
shocks on trade collapse.

The rest of the paper is organized as follows: Section 2 presents new facts about multi-
national production during the Great Recession and in the cross section. Section 3 de-
scribes the model. Section 4 takes the model to the data to calibrate the shocks and esti-

mate the elasticities. Section 5 presents the simulation results. Section 6 concludes.

2 Data and Empirical Facts

2.1 OECD Analytical Activities of Multinationals Database

As far as I am aware, this is the first academic study to utilize the OECD AAMNE database.
The database offers information on bilateral gross output and international trade for do-
mestic/foreign firms across 59 countries and a constructed rest of the world.? It comprises
two data tables. The first presents a complete matrix of MNE gross output by headquar-
ters country, host country, and industry (34 in total).” The second extends OECD inter-
country input-output database coverage to all countries and sectors, dividing each cell
into four based on whether the buyer or seller of each trade flow is a domestic firm or
foreign affiliate. OECD AAMNE covers 2005 to 2016.

In order to ensure comparability with Eaton et al. (2016), I use the same sector clas-
sification, collapsing the 34 industries in the OECD AAMNE Database into three broad
categories: durable manufacturing, nondurable manufacturing, and non-manufacturing.
Table A.2 lists the industries in OECD AAMNE and their mappings to the broad sectors.

The data is supplemented with country-sector-level GDP data from the UN National
Account Database and labor force data from Penn World Table version 9.1 (Lederman
etal., 2017)." Additionally, I obtain country-bilateral variables such as distance, common

8OECD AAMNE advances the existing OECD Activities of Multinationals Database. The old database
was used in several past works, including Alviarez et al. (2017), Alviarez (2019), etc. While the old database
covers many aspects of MINE activities, for example, gross output, value added, total imports and exports,
for OECD countries, it does not include important emerging market economies, such as Brazil, China, and
India. Additionally, the database provides only the aggregate trade statistics of foreign affiliates (e.g., the
total export of foreign affiliates in China); it does not provide a breakdown among their trading partners.
Table A.1 shows the countries in OECD AAMNE.

YOECD ICIO, a database that documents international trade between country-sector pairs. See Ahmad
et al. 2006.

19The variable used is “Number of persons engaged (in millions)”.



language, and contiguity from CEPII data (Head et al. 2010, Head and Mayer 2014), along
with the latest global trade agreements information from Head and Mayer (2019).

Following Eaton et al. (2016), I measure country-level trade collapse using changes
in a country’s average imports and exports relative to its GDP (between 2008 and 2009).
Similarly, I define country-level MP collapse using changes in a country’s average in-
ward and outward foreign affiliate sales relative to its GDP (between 2008 and 2009).
Inward foreign affiliate sales represent sales of foreign affiliates headquartered elsewhere
and operating within a country. Outward foreign affiliate sales represent sales of foreign
affiliates headquartered in the country and operating abroad.

2.2 Resolving the “Multinationals” Resilience Puzzle"

Figure 1 shows that, similar to trade, worldwide sales by multinational foreign affiliates
also declined as a share of world GDP. Figure A.1 shows that these patterns are consistent
across all sectors, indicating that sectoral compositions may not be the sole driving force.
However, prior research (e.g., Alfaro and Chen 2012, Alviarez et al. 2017, Kamal and Kroff
2021) indicates that MNEs were more resilient and declined less in sales during the Great
Recession compared to domestic firms.!' To comprehensively understand MNE perfor-
mances during the Great Recession, it is crucial to address these discrepancies, which I
refer to as the “Multinationals” Resilience Puzzle”.

The “Multinationals’ Resilience Puzzle” can be resolved using a between-within-country
decomposition. This solution offers insights into the sources of MP and trade collapses
and their propagation mechanisms across countries. Equation (1) decomposes the de-
cline in world total MNE foreign affiliate sales relative to world GDP into three terms:
(A) representing whether MP declines more in countries with larger GDPs; (B) repre-
senting whether GDP declines more in countries with higher MP intensity; and (C) the
within-country effect, which is the decline in MP relative to GDP for an average country.
In technical terms, in Equation (1), i represents a country, N the total number of countries,
M P, , the average of country ¢’s inward and outward MP in year ¢, and GDP, ; the country
i’s GDP in year ¢t. Term A is the covariance between the country-level MP collapse and
the time-average of countries’” shares of world GDP (adjusted for the number of coun-
tries). Term B is the covariance between the changes in countries’ shares of world GDP

and the time-average of countries” MP intensity (adjusted for the number of countries).

1 Although Alviarez et al. (2017) report that an average MNE performed worse than a domestic firm if
various firm-level characteristics were not controlled, the connection between global aggregate declines in
MP relative to GDP and the average resilience of MNEs remains unexplored.



The within-country effect is the average MP collapse across countries."?
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C: Within-country Effect

Fact 1: MP declined more in countries with larger GDPs and GDP declined more in

MP intensive countries.

The MP collapse was concentrated in countries with larger GDPs. The within-country
term in Table 1 shows that, during the Great Recession, MP is more resilient than GDP
for an average country, hence resolving the puzzle. Furthermore, MP declined more in
larger countries, with the covariance between country-level MP collapse and country size
accounting for 104% of the global MP decline. GDP declined more in MP-intensive coun-
tries, and term B contributed 49% to the global MP collapse. These two covariance terms
accounted for the entire global MP collapse.

Adverse domestic productivity shocks in major headquarters countries, which spread
to other nations through MNEs, could explain these patterns. The Great Recession arose
from a crisis in the financial system and real estate sector in the United States, which
rapidly spread to the financial sectors of other advanced economies. Since MNE oper-
ations rely on financing from their headquarters, these shocks negatively impacted the
performance of MNEs originating from these advanced economies, which also happen to
be key global headquarters countries.'® Since MNEs conduct significant economic activi-
ties in MP-intensive countries, the decline in their performance also led to GDP decreases
in these nations. These points will be further examined in Section 4.4. Shocks in these key
headquarters countries may have also significantly impacted global trade and welfare, as
MNEs have high trade intensity and concentrate in durable manufacturing sectors (these
facts will be presented in Section 2.3).

These insights may also help reconcile different findings in prior research. While most

2To decompose the global trade collapse, replace M P;; with the average of country i’s imports and
exports in year ¢.

13Gee Biermann and Huber (2019) and Bena et al. (2022), which provide empirical support for these argu-
ments.



Table 1: MP Declined More in Larger Countries and GDP Declined More in MP Intensive Countries

MP /Trade Declined More GDP Declined More
in Larger Countries in MP/Trade Intensive Countries ~ Within-country Total

All

MP -0.018 (104.0%) —0.008 (49.0%) 0.009 (-53.0%)  -0.017 (100%)
Trade 0.008 (-23.4%) —0.002 (6.7%) —0.038 (116.6%)  —0.033 (100%)

I. Durable Manufacturing

MP —0.056 (237.7%) —0.032 (136.7%) 0.065 (-274.4%)  —0.024 (100%)
Trade 0.037 (—44.6%) -0.007 (8.9%) -0.112 (135.8%)  —0.083 (100%)

II. Non-durable Manufacturing

MP -0.013 (35.2%) —0.033 (88.4%) 0.009 (-23.6%)  -0.038 (100%)
Trade 0.009 (-20.7%) -0.012 (27.8%) —0.041 (92.9%)  —0.044 (100%)

III. Non-manufacturing

MP -0.012 (107.4%) -0.007 (58.6%) 0.007 (-66.0%)  -0.011 (100%)
Trade 0.005 (—24.3%) —0.002 (9.7%) —0.023 (114.6%)  —0.020 (100%)

Description: This table presents the decomposition of the change in the ratio of world total trade to world GDP and the
ratio of world total MP to world GDP from 2008 to 2009. The first component measures how much MP/trade decreased
in larger countries. The second component measures how much GDP declined in countries with high MP/trade in-
tensities. The third component measures the contribution of cross-country simple averages of changes in multinational
production and trade as a proportion of GDP. Equation (1) shows the decomposition formula. The numbers outside the
brackets refer to the magnitude of each term, while the numbers inside the brackets refer to its percentage contribution.

studies agree that MNEs were at least as resilient as domestic firms, Alfaro and Chen
(2012) and Kamal and Kroff (2021) report higher resilience compared to Alviarez (2019).
This discrepancy may stem from the latter’s focus on OECD countries, which are more

advanced and experienced a greater decline in MNEs.

Compared to the MP collapse, the global trade collapse appeared in almost all coun-
tries and displayed less cross-country heterogeneity. This is supported by the within-
country term accounting for the entirety of the trade collapse (also see Figure 2). Larger
countries didn’t experience a more significant trade decline, nor did those with higher
trade intensity see a larger GDP decline. For an average country, trade declined signifi-
cantly more relative to GDP. These patterns suggest that shocks contributing to the global

trade collapse arose in almost all countries.

Table 1 Panels I-III demonstrate that the “Multinationals” Resilience Puzzle” and the
difference between MP and trade collapses apply to all sectors. Table A.3 further breaks
down MP and trade declines in each country into three terms: (C.1) larger sector MP/trade
decline, (C.2) sectoral GDP decline in MP/trade-intensive sectors, and (C.3) cross-sector
average MP/trade decline relative to GDP. All “between-country” and “between-sector”
effects contributed to the global MP collapse, implying strong propagation across coun-
tries and sectors. For an average country and sector, MP is notably more resilient than
GDP. In contrast, the global trade collapse mainly resulted from factors within countries
and sectors. Tables A.4 and A.5 decompose the post-Recession recovery and 2013-2016



Figure 2: MP and Trade Collapses were Positively Correlated at the Country Level
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Description: This figure shows the changes in the average of inward and outward affiliate sales, as well as the average of imports and

exports in relation to the GDP for each country from 2008 to 2009. The data source is OECD Analytical Activities of Multinationals
(OECD AAMNE) Database.

trade and MP declines.

2.3 Additional Facts about Multinational Production during the Great

Recession and in the Cross Section

Fact 2: There was a positive correlation between the collapses of MP and trade across
countries.

Figure 2 displays a positive correlation between MP and trade collapses. This suggests
that MP shocks may have played a role in trade variations, and vice versa.'* The MP
collapse was more heterogeneous across countries compared to trade, with all but three
countries experiencing trade collapse while MP decreased relative to GDP in less than
half of them. However, some countries, such as Germany, saw MP decline over 20% in
relation to GDP. Examining the shocks affecting these countries could be crucial for the
global economy. Figure A.2 shows that these relationships hold for each sector.

Fact 3: MNEs are more intensive in the durable manufacturing sector and international
trade.

Figure 3a indicates that MP activities are most intensive in durable manufacturing

sector. Foreign affiliates account for 14% of gross output in non-manufacturing sector,

14Regressing the MP collapse on the trade collapse at the country level gives a coefficient of .504 and a
standard error of 0.182.
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27% in non-durable manufacturing sector, and 33% in durable manufacturing sector.'

Figure 3b shows that foreign affiliates account for higher shares in exports and imports
than in gross output and intermediate input expenditure.!® For an average country and
sector, foreign affiliates account for 8.2% higher shares in imports than expenditure on
intermediate input and 9.8% higher shares in exports than gross output.!”

Figure 3: Foreign Affiliate Shares by Sector and Country
(a) Foreign Affiliate Shares by Sector (b) Foreign Affiliate Shares by Country
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Description: The left panel plots foreign affiliate shares in world total gross output, total intermediate input expenditure, total import
and total export, in non-manufacturing, nondurable manufacturing and durable manufacturing sectors. For each sector, the height of
the bar denotes the average value and the spike and caps denote the 95% CI for all countries and years. The right panel plots foreign
affiliate shares in country-level gross output, intermediate input expenditure, imports and exports. These statistics are presented
for the top ten countries in terms of GDP (in 2007) for the purpose of clarity. For each country, the height of the bar denotes the
average value and the spike and caps denote the 95% CI for all sectors and years. The data source is OECD Analytical Activities of
Multinationals (OECD AAMNE) Database.

Fact 4: MNEs’ foreign affiliates import relatively more from their headquarters

countries, and from countries that are proximate to their headquarters.

I investigate the relationship between MNE status and trade on the firm level. First, I

5Tn addition to visualization with Figure 3a, I also consider the following regressions:
Sesyv = P11(s = Durable manuf) + 5>1(s = Non-durable manuf) + 6. + {y + €csy,v=co0,

where S, denotes foreign affiliate shares in v € {Gross Output, Total Intermediate Expenditure, Exports, Imports}
of country ¢, sector s in year y. I get 51 = .176(.003), B2 = .120(.003) for gross output, 51 = .076(.002),
B2 = .031(.002) for total intermediate input expenditure, 51 = .133(.005), B2 = .057(.005) for exports, and
B1 = .074(.003), B2 = .019(.003) for imports.

16These statistics are presented for the top ten countries in terms of GDP (in 2007) for the purpose of
visualization.

7] consider the following regression:

Secsyv = f11(v = Total expenditure) + S21(s = Export) + 831(s = Import) + 6. + vs + Cy + €csyo

where S, denotes foreign affiliate shares in v € {Gross Output, Total Intermediate Expenditure, Exports, Imports}
of country ¢, sector s in year y. I get 81 = —.019(.005), 82 = .097(.005), B3 = .062(.005) with standard errors
in parenthesis.
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show that MNEs participate more in both importing and exporting even when account-
ing for firm-level controls. Furthermore, a firm’s headquarters location influences its
sourcing and sales. I take advantage of Chinese firm-level databases, including the An-
nual Survey of Chinese Manufacturing Database for business statistics, China Customs
Records Database for import/export transactions, and the Foreign-Invested Enterprise

Survey Database for ownership nationalities of foreign affiliates in China.'®

Adopting the empirical strategy from Wang (2019) and elaborating further in Section
A.3, two facts are established for foreign affiliates’ importing decisions.”” Considering
tirm-level characteristics, foreign affiliates are 36% more likely to import and import 14%
more relative to total sales than local firms (Table A.6). When accounting for the firm and
importing origin fixed effects, foreign affiliates are 13% more likely to source from their
headquarters. A 1% increase in distance between headquarters and sourcing origin leads
to a 0.3% drop in sourcing probability and a 0.2% decline in importing values (Table A.7).

These findings suggest MNEs encounter transaction frictions in global sourcing and
exporting specific to their headquarters and trading partners, as will be modeled in Sec-
tion 3.%° In Section 4.1, I show that these frictions were amplified as a function of distances
during the Great Recession, offering a mechanism through which MNEs contributed to
the trade collapse. MNE selling frictions may stem from distribution network costs, mar-
keting expenses, or limited consumer preference knowledge. MNE sourcing frictions
could result from technology incompatibility, regulatory differences, or insufficient infor-

mation on global sourcing options.

3 Model

A quantitative analysis is crucial for understanding shock propagation through MP and
trade across countries and identifying the shocks responsible for the “Multinationals” Re-
silience Puzzle”. To this end, I construct a model of multinational production and global
value chains, with the model’s features inspired by empirical facts.

The model’s environment is the following: the global economy consists of N countries

8Detailed information about these data sets are presented in Section A.3.

YWang (2019) finds that, conditional on firm characteristics, foreign affiliates are more likely to export
and to export more than local firms. Foreign affiliates also export more back to their headquarters and to
destinations closer to their headquarters. I thank Zi Wang for guiding me through the detailed procedure
to clean and merge the three databases.

2'Wang (2019) shows that other things constant, foreign affiliates engage more in exporting, and export
more to the headquarters and to the countries that are close to their headquarters. I replicate these findings
in Section A 4.
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and S sectors. Each country m, sector s has a technology that is used to produce in any
country n in the world. Agents in the economy are workers and firms/MNEs. Firms
are considered foreign affiliates if the host economy n differs from the headquarters m,
and domestic otherwise. MNEs are defined by their headquarters m, host country n, and
sector s. They use labor and MNE-specific composite goods as inputs. All markets are

competitive.?!

3.1 The Firm’s Problem

In country n, sector s, country m’s MNE produces tradable output y; ,, by combining labor

and MNE-specific composite intermediate inputs from all sectors:*

/

L3 v S Mrqu—rlz ¥n
o = A (2) T (22 e

S
’YTL s'=1

The firm’s productivity, A% _, varies with respect to both headquarters and host country.”
p Y p q y

nm/’

Domestic firms’ productivity, A? , is referred to as domestic productivity, while the MNE

nn’/

relative productivity is ‘:— (I'will parameterize it in Section 4.4). Labor hired by MNEs is
denoted as L;

nm/’

and non-tradable, MNE-specific composite goods of sector s’ for produc-

ing s output are M35 . The MNE-specific composite input price is P?,,, and the production

nm/’
R 124

function has constant returns to scale with 2 + Zssle ol MNEs operating in the

same host country differ in TFP and MNE-specific composite input prices.

3.2 International Trade by MNEs

The composite intermediate input is assumed to be a nested-CES aggregate over global

tradable output:

s

o
¢S o5-1 oS—1

fLm = Z (Z (QZmﬂ) CZ;I) 7 . 3)

N
1 =1

ZThese assumptions follow from Ramondo and Rodriguez-Clare (2013), Caliendo and Parro (2015),
Eaton et al. (2016), Caliendo et al. (2017), Cravino and Levchenko (2017), and Alviarez et al. (2017).

22] assume technology and trade flow from right to left in the subscripts.

ZThe same idea is considered by Cravino and Levchenko (2017), Tintelnot (2017), and others.

24T assume that all MNEs in platform country n have the same input-output shares v and v* — the same
assumption is used by Alviarez (2019).
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The composite intermediate input is produced using a “love-of-variety” production func-
tion, combining tradable output from upstream host countries and MNEs in each host
country. The trade-offs between host countries are modeled in the outer-nest with an
elasticity of substitution ¢°. The inner nest combines all MNEs in the host country, char-
acterized by an elasticity of substitution (*. ¢® and (* are referred to as trade and MNE
elasticity, respectively. Tradable output varies based on production location and technol-
ogy source. ¢,,,;; indicates the volume of output sold from an MNE headquartered in
country i, operating in j, to an MNE headquartered in country m, operating in n.

The price paid by an MNE from country m, operating in n, for a unit of output from
an MNE in country i, operating in j, is:

. o:,
HS . he kS 45 J . (4)

ni' “mjnj njAs“
Ji

03 = (w;) Hf/:1 (}f{)ﬁ ’ represents the input bundle cost or sourcing capability, with

CH . . . . L

+& as the factory gate price for one unit of output. This follows from profit maximization
Ji

and the perfect competition assumption. Trade between countries j and n faces iceberg,

non-tariff trade barriers, £° ., and ad-valorem tariffs at rate 7°

nj’ nj’

Tariff revenue is transferred to country n’s households for consumption.””> MNEs face

where &7, = 1+ 7,..

iceberg, headquarters-trade partner specific bilateral frictions when sourcing from and
selling to non-headquarter countries. fzfnj represents the MNE sourcing friction for an
MNE headquartered in country m to source from country j, while H;; denotes the MNE
selling friction for an MNE headquartered in country i to sell to country n.?

The nested-CES aggregator and the price of tradable output imply two sets of market
shares that govern the international trade patterns by MNEs: the MNE output shares and
MNE sourcing shares. The MNE output shares refer to those of the selling MNE (head-
quartered in i and operating in j) in the trade flows from host country j to destination n.

They are the inner-nest shares and equal the following;:

s\ 1-¢*
(5
s = gt , (5)
n-jJt N o 1743
i (3
k=1 ""nk (A;k>

I relabel 13, = (H?,)'~¢", denoting MNE selling efficiency for MNEs headquartered in i

2T assume the tariff barriers are multiplicative separable from the non-tariff trade barriers. The same
assumption is used by Caliendo and Parro (2015), among others.
26 Non-tariff trade barriers within a country, as well as MNEs’ selling and sourcing frictions with the

; .S _ IS _ ]S _
headquarters, are normalized to one: &, = H;, = h},,,, = 1.
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selling to country n. This efficiency will be exactly backed out using data and model in-
version in Section 4. Country j’s producer price index for shipments to n, P, is defined
o3
ik

using the denominator of Equation (5): (P;7)1"¢" = Y"1 Hg, (A—S
Gk
ducer price index for country j shipping to n indicates higher productivity, lower input

1-¢*
) . A lower pro-

prices, or greater selling efficiency for MNEs hosted by country ;.

The MNE sourcing shares refer to those of the buying MNE (headquartered in m and
operating in n) from the origin country (country j). They are the outer-nest shares and

equal the following:

kS 45 'P57p)1—0'5

S
s hmj( nj'nj’ nj

’7T . = .
. N , s
L e (ks PPy e

(6)

I relabel A} ; = (Bfnj)l“’s, where it denotes the efficiency of MNEs headquartered in m
to source from j, also known as the MNE sourcing efficiency. This efficiency will also
be backed out with data and model inversion in Section 4. The composite intermediate
input price index of the MNE from m operating in n can be defined with the following:
(P, )" = SO he (3,25, P5P) =" The MNE headquartered in m producing in n will
face lower composite input prices if country n benefits from lower trade barriers and

lower producer price indices, or if country m’s MNE is more efficient at global sourcing.

In the alternative to the nested-CES setup, in Section B.1, I build on Eaton and Kortum
(2002), Ramondo and Rodriguez-Clare (2013), and others, to develop a micro foundation
for this MNE'’s sourcing problem. In this problem, the downstream MNE draws corre-
lated productivity shocks for upstream host countries and upstream MNEs and source
from the lowest-cost supplier. As a result of the other model setup, the same market

shares are obtained as in Equations (5) and (6).

MNE sourcing and selling efficiencies determine their vertical /horizontal nature. Con-
sider three cases: (1) If ;,; = 0, Vj # m, foreign affiliates source exclusively from their
headquarters m. Such forward-vertical MNEs have headquarters as the sole input sup-
plier, e.g., Toyota dealers in the US importing cars only from Japan; (2) If H;, = 0, Vn # i,
foreign affiliates sell only to their headquarters. These backward-vertical MNEs have
headquarters as the exclusive buyer, e.g., Toyota’s tire suppliers in Thailand providing
tires solely to Japan; and (3) If h;,; = H;; = 1, Vm,n, j, 1, foreign affiliates have the same
sourcing shares as domestic firms in the host country, and their sales shares equal to those
of domestic firms. These horizontal MNEs differ from domestic firms in productivity but

¥Both the selling and sourcing efficiencies are relative to selling and buying with the MNE headquarters,

with the normalization H; = 1 Vi and i}, = 1 Vm.

15



not trade patterns — where they source from and sell to.”® Hence, heterogeneous MNE
sourcing and selling efficiencies could explain why foreign affiliates engage more in both
importing and exporting than domestic firms, and trade more with their headquarters
and partners in closer proximity to their headquarters (patterns documented in Figure 3a
and 3b and Section 2.3).

In reality, most MNEs exhibit a mix of forward-vertical, backward-vertical, and hori-
zontal characteristics.”” Thus, the true values of MNE sourcing and selling efficiencies are
unlikely to fall strictly into any of these three cases. I will exactly back out the sourcing
and selling efficiencies using data.

Additionally, expenditure share of an MNE from country m that operates in n, on the
tradable output from an MNE headquartered in country 7 that operates in j, is found to
be separable in the corresponding sourcing share and output share:

Tpmii = S,

nmgji nmj n-ji*

3.3 The Consumetr’s Problem

Representative households in country n have a CES utility function over sectoral final
goods:

s T

1 A—1

Un = (Z(ai)* (C;)x) .
s=1

C? denotes sector s final goods and A denotes the elasticity of substitution across sectors.

To understand how sector compositions affect the collapses of trade and MP, I let o de-
note sectoral preferences and shocks to «; refer to the sectoral final demand shocks.*

BCompare a foreign affiliate headquartered in m and producing in n with a domestic firm in country

n. With h7, . =1, Vm, j, the two producers have the same sourcing shares from any given origin country:

Tpmj. = Tonjo VM, 1, j. Next, compare a foreign affiliate headquartered in i and producing in j with
country j’s domestic firms. With H;;, = 1, ¥n,i, MNEs have the same output shares in trade flows for any

glven destination: S;, ;;, = 55.,,Vn. Denote total sales from country j to any country n in sector s with

n-ji VRVEA
;- The gross output by the foreign affiliate headquartered in i and hosted by j equals Zn 1 1S5 ji- The
share of destination n in this MNE's total output equals: ZNT”? fg ZNT‘ = which is invariant to the
=1"nj"n-ji =1"nj

MNE’s headquarters and is the same regardless of whether it is a foreign affiliate.

PSee Yeaple (2003), Antras and Yeaple (2014), Baldwin and Okubo (2014), Ramondo et al. (2016), among
others.

3T impose the normalization that o = 1 for the non-manufacturing sector.
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This implies that the sectoral final expenditure share equals the following:

ol (P 1-X
= ?
Zs’:l &fl (Pﬁ) B

where P; denotes the price index of sectoral final goods. Sectoral final goods combine

MNE-specific composite goods supplied by both domestic and foreign firms:

s

N 55 55—1
Cs = (Z(azmwczm) 2 ) .

m=1

C;,, denotes MNE-specific composite goods for sale to final users. §° denotes sectoral
elasticities of substitution across different MNEs in final expenditure. «;,, denotes the
preference for MNEs by final consumers and shocks to a;,, refer to the MNE final de-
mand shocks.?! This implies that MNE nm’s share in country n sector s consumption
bundle equals the following:*

( pPs )1—55

P O‘/fzm nm (8)
nm ~ N _8s
Zm/:l afzm’(PS )1 b

nm/

Households have three sources of income: labor income, for which households in-
elastically supply L,, units of labor at wage rate w,; the tariff revenue R,; and a transfer
from other countries that compensates for the trade deficit observed in the data, D,,. I use
I,, to denote the household income. The household’s budget constraint is therefore the

following:
S N
Z Z Prfmcrszm = I, =w, Ly + Ry + Dy.
s=1 m=1

Market Clearing To close the model, the market has to clear for labor and composite

intermediate input. The labor market clearing condition in j is the following:

oty = 3o Y 3 e g

n=1 m=1

3T impose the normalization that o, = 1 for domestic firms’ composite goods.
32Hence, sectoral final goods prices and MNE-composite goods prices have the following relationship:

Py = (s @ (P )
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On the right-hand side, 22:1 % denotes the pre-tariff trade flow from country j to
country n in sector s. Aggregated over all destinations n, this leads to country j’s gross
output in sector s. Wage bill in country j equals the sum of all sectoral gross output

multiplied by the sector’s value-added share.

Similarly, the market clearing condition for MNE-specific composite goods equals the
following;:

/

XS _]JSJ ji Z ZZ 73m Zmyi' (10)

m=1 n=1 nJ

The equilibrium is defined by a set of global prices, including wages {w,, }, producer price
indices {P "1, and composite intermediate input prices { P, }, such that the MNE sourc-
ing and output shares follow Equation (5) and (6), the final expenditure shares follow
Equations (7) and (8), and labor and composite intermediate input markets clear, follow-
ing Equations (9) and (10).

3.4 Equilibrium in changes

To simulate counterfactuals, I utilize the “exact hat algebra” technique, rewriting vari-
ables as changes relative to the baseline equilibrium using # = £. MNE sourcing and
output shares, baseline tariffs, sectoral final goods expenditure shares, MNE-specific com-
posite goods expenditure shares, and household income sufficiently characterize endoge-

nous variables’ response to shocks. The model in “exact hat” is presented in Section B.2.%

4 Model Inversion and Elasticity Estimation

This section outlines the process of obtaining the model’s shocks by taking the model to
data and estimating the elasticities. Key shocks involve those affecting MNE sourcing and
selling frictions, productivity, non-tariff trade costs, and final demand. The elasticities in-
clude trade and MNE elasticities, substitution elasticities across MNEs and sectors in final

expenditure, as well as the headquarters’ contribution to foreign affiliates” productivity.

33This method reduces the data requirement for counterfactual analysis: I no longer need to know the
levels of economic fundamentals such as the TFP, which are generally difficult to estimate.
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4.1 Back out MNE Sourcing and Selling Efficiencies

First, I compute the expenditures on MNE-specific composite goods, X} ,, using Equa-
tion (10). This equation relies on MNE gross output, country-level income, input-output
coefficients, and final expenditure shares on sectors and MNEs. Then, as the trade flow
from country j to n equals total expenditure by all MNEs (and domestic firms) in n on

tradable output from j, I derive the following relationship:

_ Y Xom o, _ e Xy ”— (11)
s s

s _

In the second equation, I divide and multiply with domestic firms” expenditure share,

nm]

;. from the data. To express the ratio, , in terms of the known variables, I manipu-

nn]

late the MNE sourcing shares expression as follows using Equation (6):

h9
hS

3

nm] . nj

s N B (12)
T, . 7-[-5 ml

nnj- =1 "nni- hs,

Combining Equations (11) and (12), we get the following system of equations for solving
h;, .
mg

N
s hs .
s nnj- s mj
iy = o 3 X (13)
nj'ng m=1 1=1 Tnnl- hs,

With the backed-out MNE sourcing efficiencies and Equation (12), we can calculate the

sourcing shares of any given MNE, 7, ...

MNE selling efficiency is computed with the difference between domestic firms’ shares
of the host country’s gross output and their shares of the host country’s exports. Starting

with domestic firms” output shares in Equation (5), I get:

s \ 1-¢°
N ik
I (Afk ) H;,

Snii ,; (%)HS 0

(14)

To connect the cost ratios,

s

AS—ICS, to the known variables, I take advantage of the MNE
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gross output data by noting that:

05\ 1¢°
GO]sl:ZTsSS ZTSSS nﬂ: ( )1 C&ZTSSS HS

njn-ji nj "JJSS o <@s> nj=n-jj
)

The gross output of an MNE is the sum of its sales to all markets. Sales to a market equal
the host country’s total trade flow to that destination, multiplied by the MNE’s share of
the trade flow. I then divide and multiply the trade flow with domestic firms” output

shares, S ,;, from the data. In the third equality, I incorporate the expression for MNE
output shares using Equation (5), resulting in:
@;Z 1—¢s
s\ 1-¢° - N s Qs s )
(%) Zp 1TPJSPJJ

Plugging Equation (15) into Equation (14), we get the following system of equations for
solving H.:

N
GOz,
=Sy o HE (16)

N S S
k=1 z:p 1 pJSpJJH*

With H;, backed out, one may calculate the output shares of an arbitrary MNE, S?

e

For each sector s, Equations (13) and (16) have N? equations with N? unknowns — the
MNE sourcing/selling efficiencies. In these equations, h;,; and H,; are identified up to
a scale. If we multiply the sourcing or selling efficiencies of any headquarters country
m or ¢ with all countries by the same constant, the equations still hold. Consequently,
I normalize the sourcing and selling efficiency with the headquarter economy, & and
s

1/

to 1, fixing the remaining unknown parameters. Calibrating the MNE sourcing and
selling efficiencies does not require knowledge of the elasticity of substitution ¢* and ¢*.
I solve Equations (13) and (16) for all sectors and years.*

Table A.10 shows that MNE sourcing and selling efficiencies are higher if the trade
is with the MNE headquarters. These efficiencies are also negatively correlated with the
distance between the headquarters and the trade partner country, and are higher if the

headquarters shares a common legal origin, border, language and trade agreement with

*Note that S5 ;; = S5 @17_-', where the ratio of factory gate prices is from Equation (15).
—Jj ¢S

%For each problem, I try different starting values and find they all converge to the same solution.
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the trader partner. These results align with empirical findings in Section 2.3.

Table 2: Gravity of MNE Sourcing and Selling Shocks during the Great Recession

VARIABLES Log Chg. Sourcing Efficiency Log Chg. Selling Efficiency
(1) (2 3 4) ®) (6) 7) (8
log (dist) -0.0306***  -0.0289***  -0.0209***  -0.0202***  -0.0213**  -0.0206**  -0.0102* -0.0100*
(0.00479)  (0.00483)  (0.00553)  (0.00554)  (0.00520)  (0.00525)  (0.00599)  (0.00600)
1 (legal) 0.0133*** 0.0119** 0.0114** 0.0103** 0.0102* 0.00958* 0.00822 0.00790
(0.00516) (0.00519) (0.00519) (0.00521) (0.00545) (0.00549)  (0.00547)  (0.00550)
1 (contiguity) 0.0921*** 0.0929*** 0.0856*** 0.0868*** 0.0172 0.0173 0.00881 0.00902
(0.0125) (0.0125) (0.0126) (0.0126) (0.0137) (0.0137) (0.0139) (0.0139)
1 (common lang.) 0.00978 0.00829 0.00706 0.00598 0.0423*** 0.0417**  0.0394***  (.0391***
(0.00966) (0.00967) (0.00968) (0.00969) (0.0108) (0.0108) (0.0108) (0.0108)
1 (trade agree.) 0.00160 -0.000321  -0.000615 -0.00209 0.0199** 0.0192** 0.0176* 0.0172*
(0.00882) (0.00885) (0.00884) (0.00886) (0.00966) (0.00969)  (0.00968)  (0.00970)
log (Pre. Investment) 0.00108*** 0.000927** 0.000424 0.000235
(0.000411) (0.000414) (0.000432) (0.000435)
log (Pre. Trade) 0.00960***  0.00887*** 0.0107***  0.0105***
(0.00276) (0.00277) (0.00288)  (0.00290)
Observations 10,620 10,620 10,620 10,620 10,620 10,620 10,620 10,620
FE Is,is 1s,is Is,is Is,is ms,ls ms,ls ms,ls ms,ls
Mean Dep. Var -0.182 -0.182 -0.182 -0.182 -0.252 -0.252 -0.252 -0.252
Mean Log Dist. 8.456 8.456 8.456 8.456 8.456 8.456 8.456 8.456
R? 0.784 0.784 0.784 0.784 0.826 0.826 0.827 0.827

Standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1

Description: This table presents the correlations between MNE sourcing and selling shocks during the Great Recession and gravity vari-
ables. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Decreasing sourcing and selling efficiencies with distance between headquarters and
trade partners became even more pronounced during the Great Recession. From 2008 to
2009, MNE sourcing and selling shocks — year-on-year changes in the MNE sourcing and
selling efficiencies ilinj and H?, — were negatively correlated with the distance between
MNE headquarters and sourcing origin/selling destination (Columns 1 and 5 of Table
2). This indicates that trade with countries farther from MNE headquarters was more
adversely affected, causing MNEs to rely more on their headquarters for sourcing and
exporting. Hence, in addition to foreign investment (see, for example, Alfaro et al. 2004
and Forbes and Warnock 2012), MNEs also retrenched sales to their headquarters, which

might have reduced international trade during the Great Recession.

Strong pre-Recession linkages can alleviate the negative impact of the Great Recession
on international trade by MNEs. In Table 2, I include pre-Recession (2007) bilateral port-
folio investment and trade between headquarters and trade partners in Columns 2-4 for

sourcing shocks and Columns 6-8 for selling shocks.*

%] measure country-bilateral investment using the Coordinated Direct Investment Survey of the Inter-
national Monetary Fund. To construct the variables in the regression, I take the average of inward and
outward investments, as well as the average of imports and exports.

21



4.2 Estimate Trade and MNE Elasticities

Leveraging information on MNE sourcing and selling efficiencies, and using market share
data and tariff variations, I estimate trade and MNE elasticities. First, consider a country’s
domestic firms’ sourcing shares:
s S$PL.s +s \1—o°
i by (P ks it )

ﬂ-nnj~ = (PS )1 _ s : (17)

The right-hand side includes MNE sourcing efficiency h;,, tariff ¢; ;, producer price index

’nj 4

P,?, and non-tariff barriers £;;. The producer price is unknown, but by manipulating

njy ’/
Equation (5), it can be expressed as a function of the factory gate price of domestic firms

. . CH
in the origin, Ag ,

in bilateral trade

-, MNE selling efficiency H,;, and the output share of domestic firms 5}, ;;

_1
-1

S S
PS,_P — @.7.7 Sn .7] (18)
nj s s '
A Hpy,
B C, ;> adjusted output shares, data+model inversion

To collect notations I denote B; = A§7 and Cj; = H"j7 I call C;; the adjusted output share.
C,; is known because S;, ;; is from data and H,; is acqulred in Section 4.1. Plug Equation

(18) into Equation (17) to eliminate the producer price:

s Cs Cs = BSks ¢5 1-0%

7Tn;1]- _ ( ) S( i Zg TLj) ' (19)
hnj (Pnn)
~——

D;, ;» adjusted sourcing shares, data-+calibration

The left-hand side represents the sourcing share divided by the sourcing efficiency. To
consolidate notations, I rename the left-hand side D;,; and refer to it as adjusted sourcing
shares. D,; is known, with 7, . from data and A;; from model inversion. Parameter
estimation is based on Equation (19), where the 1dent1f1cat10n strategy for 0® and (® is
based on Head and Mayer (2019). [ assume £, ; takes the following form:

log(ky,;) = B log(dist,;) + S21(contiguity, ;) + S31(common lang, ) 4+ 841(trade agreement, )
+ FE, + FE; + ¢ (20)

The log of non-tariff barriers is assumed to be a linear function of log distances between

importing and exporting countries, border-sharing, common official language, and trade
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agreement dummies. Origin and destination fixed effects account for asymmetric trade
costs as per Waugh (2010). ¢;,; denotes the error term, .
Taking logs of Equation (19), plugging in Equation (20), and adding a time subscript

gives the estimation equation:

8

S ]' S . .
log (Dj;,) = e log (Cr;0) + (1 —0%)log (t;;,) + 71 log(dist)n; ¢ + 751 (contiguity), .,
+ vgl(common lang), ., + 7i1l(trade agreement), ,, + FE; + FE; + FE] + €.
(21)

Tariff Variation identifies trade elasticity, o*, while adjusted output share variation, Cy; ,,

1dent1f1es

=%, yielding ¢*.*" T instrument log(Cy;;,) with tariffs imposed by origin coun-
try j on destmation n (in the opposite direction of the trade flow in the main regression)
in their own, upstream, and downstream sectors, using input-output shares as per Ace-
moglu et al. (2016).% These instruments are relevant: n’s foreign affiliates in j have greater
imports and exports with n than j’s domestic firms, and hence they are more exposed to
the tariff shock. When j raises tariffs on n, the cost of n’s affiliates in j increases more
than that of j’s domestic firms. Consequently, n’s affiliates” shares in j decrease, while

domestic firms’ shares in j’s sales to n increase, resulting in an increase in log(Cy,; ;).

Table 3: Estimated MNE and Trade Elasticities

[@) ) 3) 4) ®) (6)
VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing  Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing
Tariff Instruments with Direct Shares Tariff Instruments with Total Shares
log (Q:n) 1.771* 3.496%** 2.717*** 9.770%** 6.048** 2.708***
(1.100) (1.130) (0.454) (1.347) (2.244) (0.435)
log ( ty ,,) -3.475%** -2.020*** -1.464* -5.707*** -2.056*** -1.470***
(0.559) (0.398) (0.570) (1.184) (0.520) (0.564)
log (disty;¢) -1.043+* -0.989+** -1.301%** -1.158** -0.974*** -1.300%*
(0.0184) (0.0120) (0.0129) (0.0299) (0.0184) (0.0128)
1 <lega1 0.147%*+ 0.142%%* 0.0616*+* 0.299+** 0.147%** 0.0616%**
(0.0236) (0.0121) (0.0143) (0.0369) (0.0162) (0.0143)
1 (common lang.,; ) 0.332%** 0.266*** 0.0808*** 0.168*** 0.248*** 0.0808***
(0.0308) (0.0238) (0.0270) (0.0573) (0.0334) (0.0270)
1 (Conhgulty ) 0.154*** 0.286%** 0.665*** -0.0558 0.295%** 0.664***
(0.0404) (0.0305) (0.0421) (0.0765) (0.0402) (0.0417)
1 (trade agree.,,) 0.319" 0.314%* 0.319"* 0.353+ 0.326"* 0.319"
(0.0182) (0.0197) (0.0227) (0.0426) (0.0271) (0.0227)
Observations 42,480 42,480 42,480 42,480 42,480 42,480
FE n,j, t n,j, t n,j t n,j, t n,jt n,j, t
Mean Dep. Var -5.296 -5.602 -6.974 -5.296 -5.602 -6.974
Mean Indep. Var 0.328 0.246 0.180 0.328 0.246 0.180
First Stage F 16.55 27.71 150.8 63.83 11.97 163.5
Implied o° 4.475 3.020 2.464 6.707 3.056 2.470
Implied ¢* 2.962 1.578 1.539 1.584 1.340 1.543

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Description: This table presents the estimated elasticities of substitution across different sourcing origin countries (trade elasticities) and elasticities of substitution across MNEs within each origin country
(MNE elasticities). Elasticities are estimated for the durable manufacturing sector, non-durable manufacturing sector, and non-manufacturing sector. Regressors and instruments are constructed according to
Section 4.2. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 3 reveals higher trade and MNE elasticities in durable manufacturing than in

%Following Head and Mayer (2019), I assume tariff variation is uncorrelated with €5 ;. the unobserved
term in bilateral non-tariff frictions.
3See Section A.6 for more details.
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non-durable manufacturing and non-manufacturing sectors. Trade elasticity consistently
exceeds MNE elasticity across all sectors, indicating downstream MNEs’ technology pref-
erences are more heterogeneous (Head and Mayer 2019). These findings persist regard-
less of upstream and downstream tariff construction methods (with direct input-output
shares in Columns 1-3 and total input-output shares in Columns 4-6). Furthermore, these
results are robust when alternative fixed effect controls are used (Table A.12) or when all
sectors are grouped (Table A.13).

4.3 Back out MNE Relative Productivity, Trade Cost, and Domestic Pro-
ductivity Shocks

The productivity of a foreign affiliate relative to domestic firms in the same host country
can be computed with the ratio of its input price relative to its output price:

A5 er /A
ji Ji

T =g/ o (22)
A Ol 3

In Section B.3, I detail the computation of these relative prices using data on MNE gross

output, trade flows, market shares, and the backed-out MNE sourcing and selling ef-

D . . LAy
ficiencies. I then calculate the year-on-year changes in MNE relative productivity, ==

As ./
73

representing the MNE relative productivity shocks.

Multinational production incurs a productivity loss, which increases with the distance
between headquarters and host countries. This is corroborated by Table A.11, which dis-
plays the correlations between an MNE'’s productivity relative to domestic firms in the

host country and gravity variables, by sector.

During the Great Recession, MNE relative productivity shocks were also negatively
correlated with the distance between headquarters and host countries, as shown in Ta-
ble 4, mirroring patterns of MNE sourcing and selling shocks documented in Table 2.
Columns 2-4 indicate that pre-Recession investment and trade flows positively correlated
with MNE relative productivity shocks (in line with Alfaro and Chen 2012). This sug-
gests MNEs with closer proximity to their headquarters in terms of distance, investment,
and trade were more resilient during the Great Recession. Since MNEs are more trade-
intensive than domestic firms, the relative productivity shocks experienced by MNEs,
which exhibited the documented patterns, may have also contributed to a reduction in

international trade.
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Table 4: Gravity of MNE Relative Productivity Shocks and MNE Final Demand Shocks during the Great Recession

VARIABLES Log Chg. MNE Prod. Log Chg. Final Demand for MNE
M ) ® @ @) © @ ®
log (dist) -0.0355***  -0.0326***  -0.0199**  -0.0185**  -0.0841**  -0.0828***  -0.0406* -0.0406*
(0.00794) (0.00803)  (0.00923)  (0.00925) (0.0199) (0.0201) (0.0231) (0.0231)
1 (legal) -0.000502 -0.00288 -0.00308 -0.00491 0.0133 0.0122 0.00560 0.00557
(0.00862) (0.00867)  (0.00865)  (0.00869) (0.0213) (0.0214) (0.0214) (0.0215)
1 (contiguity) -0.0158 -0.0145 -0.0260 -0.0241 0.0104 0.0110 -0.0186 -0.0186
(0.0209) (0.0209) (0.0211) (0.0212) (0.0528) (0.0528) (0.0533) (0.0534)
1 (common lang.) -0.0247 -0.0270* -0.0296* -0.0312* -0.0239 -0.0250 -0.0377 -0.0378
(0.0160) (0.0160) (0.0160) (0.0161) (0.0402) (0.0402) (0.0403) (0.0404)
1 (trade agree.) -0.0276* -0.0305**  -0.0312**  -0.0333** 0.00286 0.00151 -0.00690  -0.00694
(0.0147) (0.0147) (0.0147) (0.0147) (0.0369) (0.0370) (0.0370) (0.0371)
log (Pre. Investment) 0.00169** 0.00144** 0.000792 2.14e-05
(0.000686) (0.000691) (0.00171) (0.00172)
log (Pre. Trade) 0.0152*** 0.01471*** 0.0425***  (0.0425***
(0.00457)  (0.00461) (0.0114) (0.0115)
Observations 10,620 10,620 10,620 10,620 10,620 10,620 10,620 10,620
FE Is,is Is,is Is,is Is,is ms,ls ms,ls ms,ls ms,ls
Mean Dep. Var -0.0438 -0.0438 -0.0438 -0.0438 -0.131 -0.131 -0.131 -0.131
Mean Log Dist. 8.456 8.456 8.456 8.456 8.456 8.456 8.456 8.456
R? 0.250 0.251 0.251 0.252 0.263 0.263 0.264 0.264

Standard errors in parentheses
#5001, * p<0.05, * p<0.1

Description: This table presents the correlations between MNE relative productivity shocks and MNE final demand shocks during the
Great Recession and gravity variables. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

I back out the non-tariff barriers by manipulating the sourcing shares of domestic

tirms, noting that:

s s S LS S,P
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By plugging in the expression for producer price indices, Equation (18), and by guessing
and verifying, I am able to obtain:
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1
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which is a function of known variables only. Shocks to non-tariff trade costs are the year-
denoted with ];‘Zj.

Y

JJJ

on-year changes of k;

nj’
I back out the domestic productivity shocks by solving a system of equations involving
the shocks themselves and prices. First, Section B.4 shows that this shock can be expressed

in terms of changes in home sourcing shares of domestic firms, domestic firms’ shares in
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home sales, and prices:

Additionally, Equations (B.1), (B.2), and (B.3) demonstrate that price changes can be ex-
pressed as a function of global shocks and wage changes. Using this system of equations,
I can iteratively solve for A, and Ps,.%

4.4 Estimate Headquarters” Share in MNE Productivity

I estimate the contribution of headquarters to MNE productivity by sector, building on
studies such as Cravino and Levchenko (2017), Alviarez et al. (2020), and Bilir and Morales
(2020), who find that domestic productivity shocks at headquarters impact MNE produc-
tivity and can propagate to host countries. Assume that MNE'’s productivity follows a
Cobb-Douglas function in relation to both the headquarters” and host country’s produc-
tivity (augmented by a country-bilateral term):

A;i = (Ajj)pqss (Afz)d) V;ia

where A3, and Aj; denote the domestic productivity in the host country and the head-
quarters, 7;; the bilateral friction, and ¢° the sector-specific headquarters” share. Hence,
the MNE relative productivity defined earlier equals the following:

A3, ( As ) ¢°
Jt 21 S
=~ = . Vi (23)
A3 A3 ’

This equation indicates that MNE relative productivity is influenced by domestic produc-
tivity shocks in both headquarters and host countries when these shocks can propagate
through MP. When allowing MP propagation, an increase in the domestic productivity
in the headquarters raises the productivity of their MNE relative to domestic firms in the
host country. Conversely, an increase in domestic productivity in the host country re-
duces the productivity of MNEs hosted there compared to the country’s domestic firms,
as the host country’s productivity accounts for only a portion of the MNE's productivity.

Knowing MNE relative productivity shocks and domestic productivity shocks, I run

39Gee details in Section B.4.
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a regression to identify ¢° — the headquarters’ share of MNE productivity:

Ao\ o A .
log == ¢°log ) + FPE; + FE; + €5,
Jgst Jgst

Table 5 shows that headquarters account for 37%, 6%, and 32% of MNE productivity
in durable manufacturing, non-durable manufacturing, and non-manufacturing, respec-

tively. These results are robust, with or without fixed effects (Columns 1-3 and 4-6).

Table 5: Estimated Headquarters’ Share in MNE Productivity

(1) 2 [©) 4) ©) (6)

VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing  Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing
HQ fixed effect, host country fixed effect OLS
1og(§—f') 0.372%** 0.0641*+* 0.316%** 0.367*** 0.0640*** 0.312%**
N (0.00883) (0.00168) (0.00996) (0.00864) (0.00168) (0.00975)
Observations 39,600 39,600 39,600 39,600 39,600 39,600
FE ji i ii NA NA NA
Mean Dep. Var 0.00661 0.000198 -0.000414 0.00661 0.000198 -0.000414

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Description: This table shows, by sector, the correlation between the MNE relative productivity shock and the difference in the domestic productivity shocks to the headquarters’ country and the host
country. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A.14 indicates that productivity shocks of MNEs (Aji = /ljj j”

with domestic productivity shocks of both headquarters and host countries. It further

) are correlated

confirms that the headquarters’ contribution to MNE productivity is the smallest in the
non-durable manufacturing sector (with or without fixed effect controls). Figure A.5 dis-
plays the correlations using bin scatter plots for MNE productivity shocks and domestic

productivity shocks in headquarters/host countries.

4.5 Estimate Final Demand Elasticities

I estimate the elasticity of substitution across MNE-specific composite goods in sectoral

tinal expenditure using the following regression, representing the log change of Equation

(8):
10g<§fzm,t) = log( Aim,t) + FEZ,t + szm,n (24)

where 0* = 1 — §°. I instrument log(P%,,) with the domestic productivity shock in the
foreign headquarters multiplied by the MNE’s sales share in its host country:

Gorszm As
=N oy Amme
Zm=1 GOnm

S —
Instrument,, =
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Hence, the identifying assumption is that the domestic productivity shock in the foreign
headquarters is uncorrelated with the demand shock for MNEs in the host country.

Table 6 Columns 1-4 indicate that the final demand elasticity for MNEs is 3.167 for

durable manufacturing, 2.170 for non-durable manufacturing, and 1.819 for non-manufacturing,

with an average of 2.479 across all sectors. Columns 5-9 demonstrate the robustness of
these estimates to alternative fixed effect controls.

Table 6: Estimated Elasticity of Substitution across MNEs in Sectoral Final Goods
(1) )] 3) ) [6)] 6) @) ®)

VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-Manufacturing All Durable Manufacturing  Non-durable Manufacturing  Non-Manufacturing All
log_p_nm 21674 -1170% -0.819* 1479 3280+ 14254+ 0.874 19417

(0.388) (0513) (0.414) (0.273) (0.520) (0.473) (0.500) (0.300)
Observations 39,600 39,600 39,600 118,800 39,600 39,600 39,600 118,800
FE nt nt nt nst nt, mt nt, mt nt, mt nst, mst
Instrument MNE productivity MNE productivity MNE productivity ~ MNE productivity ~ MNE productivity MNE productivity MNE productivity ~ MNE productivity
Mean Dep. Var 0.00437 0.00111 0.00302 0.00283 0.00437 0.00111 0.00302 000283
Mean Indep. Var -0.0210 -0.0966 0.00104 -0.0389 -0.0210 -0.0966 0.00104 -0.0389
First Stage F 237 1676 16.76 91.56 4556 57.77 57.77 250.3
Tmplied o° 3167 2170 1819 2479 1280 2425 1874 2941

Standard errors in parentheses
% <001, * p<0.05, * p<0.1

Description: This table presents the estimated elasticities of substitution across MNE composite goods in sectoral final goods for durable manufacturing sector, non-durabl facturing sector, turing sector, and sectoral average.
Regressors and instruments are constructed according to Section 4.5. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

By setting &7, = 1, I derive the final demand shocks for MNE-specific composite

goods:

Columns 5-8 of Table 4 reveal that during the Great Recession, a country’s preference for
foreign MNE:s in final demand decreased with distance from their headquarters. How-
ever, pre-Recession trade linkages mitigated this decline.

Similarly, I estimate the sectoral final demand elasticity with the regression equation
which is the log change of Equation (7):

log(s5,,) = A log(Ps,) + ®py + €5, (25)

where A\ = 1 — A. I instrument log( > +) with the domestic productivity shocks in all

foreign headquarters multiplied by their respective sales shares in the gross output of the
host country:

GOnm As

Instrument;, = —_— A .
Z Zgzl GOfLm

m#n

Hence, the identifying assumption is that the domestic productivity shocks in foreign
headquarters are uncorrelated with the sectoral final demand shocks in the host country.

Column 1 of Table 7 shows that sectoral final goods are weak substitutes with elasticity
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of substitution equal to 1.582. Column 2 shows that the effect is robust to additional sector
fixed effect controls. Columns 3 and 4 show that the elasticities would be incorrect if the

fixed effects were not controlled or if instruments were not used.

Table 7: Estimated Elasticity of Substitution across Sectoral Final Goods in Final Use

VARIABLES 1) (2) 3) (4)

log(P5 ;) -0.582* -0.447** -4.746 0.0248***
(0.339) (0.216) (13.06) (0.00920)

Observations 1,980 1,980 1,980 1,980

FE nt nt, s NA nt

Instrument MNE productivity ~ MNE productivity =~ MNE productivity

Mean Dep. Var -0.00301 -0.00301 -0.00301 -0.00301

Mean Indep. Var -0.0772 -0.0772 -0.0772 -0.0772

First Stage F 4.198 7.683 0.132 NA

A 1.582 1.447 5.746 0.975

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Description: This table presents the estimated elasticities of substitution across sectoral final goods in
final use. Regressors and instruments are constructed according to Section 4.5. Robust standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

By normalizing ¢&; = 1 for the non-manufacturing sector, we derive the sectoral final
demand shocks for other sectors:

§ fL ( pélon—manuf) 1-X

Q, =
n gnon-manuf ps 1—\
n ( n)

For clarity, in the following section, I discuss the impact of shocks in groups rather than
individually, as there are numerous shocks to consider. I organize the model’s shocks in
Table 8 based on whether they belong to supply or demand shocks — as previous works
argued that demand shocks had a greater impact on trade collapse than supply shocks —
and if they are MNE-specific or considered in previous trade-only models. MNE-specific
shocks include relative productivity, final demand, sourcing, and selling shocks that affect
MNEs differently than domestic firms. Traditional supply and demand shocks involve
domestic productivity and sectoral final demand shocks. Other less impactful shocks
include trade costs, labor endowment, and trade deficit.*’ In this model, supply shocks
include domestic productivity shocks and shocks that affect MNE’s productivity relative
to domestic firms. Demand shocks include MNE final demand shocks and sectoral final
demand shocks.*! The classification of the model’s shocks is displayed in Figure A.4.

%0 According to the literature, such as Eaton et al. (2016), these other shocks had minimal impact on the
global trade collapse.

#1Other shocks, like trade cost or MNE sourcing and selling efficiencies, affect both supply and demand,
making their classification unclear
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Table 8: Types of Shocks

MNE-specific Shocks Supply and Demand Shocks in Trade-only Model Other Shocks
Supply Shocks ~ MNE Relative Productivity Shocks Domestic Productivity Shocks
Demand Shocks MNE Final Demand Shocks Final Demand Shocks
) Trade Cost Shocks
MNE Sourcing Shocks Labor Endowment Shocks
Other Shocks MNE Selling Shocks Trade Balance Shocks

Description: This table displays the shocks explored in the model and identifies them as either supply or demand shocks.

5 Simulations

In this section, I analyze MP’s influence on the global trade decline and international
shock propagation. I first evaluate the importance of different types of shocks — in partic-

ular, MNE-specific shocks — and then explore their transmission across countries.

5.1 Importance of Shocks

5.1.1 Global Trade and MP Collapse

During the Great Recession, shocks that significantly contributed to the global trade de-
cline also had a substantial impact on MP decline, and vice versa. This underscores the
critical role of MNEs in conducting trade. Figure 4 displays the effects of different groups
of shocks when only that group of shocks was present.** Table 9 presents the impact of
individual group of shocks on the world trade and world MP to world GDP ratios in
percentage points and as a percent of the actual trade and MP declines relative to GDP.
Only the specified group of shocks is activated, while all other shocks remain muted.
Sectoral final demand, domestic productivity, and MNE-specific shocks contributed 1.61
(40%), 1.09 (27%), and 0.39 (10%) percentage points to global trade decline, respectively.*’
Concurrently, these shocks contributed 0.40 (20%), 0.64 (33%), and 0.53 (27%) percentage
points to global MP collapse.**

Considering MNEs’ role in trade, supply shocks contributed nearly as much (36%) to
the global trade collapse as demand shocks (38%). This is because MNE-specific shocks
mainly affected supply rather than demand. Meanwhile, the global MP collapse was
influenced substantially more by supply shocks than demand shocks.

#2Dashed lines indicate the impact of individual shock groups. Segments after 2009 show counterfactual
outcomes based on 2009 counterfactual market shares (as a result of different shocks) and influenced by
actual, post-2009 shocks.

#Global trade collapse is measured by the change in the world trade-to-GDP ratio.

#Global MP collapse is measured by the change in world MP-to-GDP ratio (sales by MNE foreign affili-
ates).

30



Table 9: Impact of Shocks on Declines of World Total Trade and MP

Shocks Trade Collapse  Trade Collapse (Percent) MP Collapse  MP Collapse (Percent)
@) @) ©) (4)
MNE-specific Shocks -0.39% 9.67% -0.53% 27.32%
Domestic Productivity Shocks -1.09% 27.11% -0.64% 32.65%
Final Demand Shocks -1.61% 40.02% —0.40% 20.30%
Supply Shocks —1.44% 35.85% —-0.89% 45.65%
Demand Shocks -1.54% 38.37% -0.40% 20.44%
All Shocks —4.02% 100.00% -1.96% 100.00%

Description: This table shows the effects of various shock types on global trade and MP collapse during the Great Recession. The
global trade collapse is measured by the change in the world trade-to-GDP ratio, while the global MP collapse is measured by the
change in the world MP-to-GDP ratio (sales by MNE foreign affiliates).

Figure 4: Importance of Shocks for Global Trade and MP Collapse

(a) Trade Collapse (b) MP Collapse
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(c) Trade Collapse, Supply and Demand Shocks (d) MP Collapse, Supply and Demand Shocks
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Description: These figures illustrate the effects of various shock types on global trade and MP collapse during the Great Recession
(2008-2009, shaded years). Dashed lines represent individual shock group impacts, while segments after 2009 show counterfactual
outcomes based on 2009 counterfactual market shares (as a result of different shocks) and influenced by actual, post-2009 shocks.

Model without MP or without MNE International Transaction Frictions A model with-
out MNEs would attribute around half of the global trade collapse to final demand shocks,
which would appear more important than supply shocks. Overlooking MNEs’ role in
trade assigns the impact of MNE-specific shocks on the global trade collapse mainly to
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the effect of final demand shocks (see Table A.15 and Figure A.6).*

MNEs’ high trade intensity contributed to the simultaneous global trade and MP col-
lapse. In a model without MNEs’ comparative advantage in international sourcing and
selling, MNE-specific shocks had minimal impact on the global trade collapse. In fact,
world trade would increase by 0.07% relative to world GDP due to MNE-specific shocks

in this scenario (see Table A.17 and Figure A.8).%

5.1.2 Cross-country Variation

As Section 2.2 shows MP collapse heterogeneity across countries, it’s crucial to compre-
hend why some countries performed better and the shocks causing these differences. This
analysis also offers insights into shock propagation across countries, which cannot be as-
sessed based only on global totals. To examine the effects of shocks on cross-country vari-
ations in trade, MP, and welfare changes during the Great Recession, I adopt the method
utilized by Klenow and Rodriguez-Clare (1997), Alviarez et al. (2020), and others. Let
log(y;) represent the log change in country ¢’s variable of interest in the data, and log(z;)
signify the model counterpart from counterfactual simulations with a group of shocks.
The following accounting identity holds:

log(y:) = log(Z:) + 2,

where z; represents the contribution from other shocks. The proportion of cross-country
variation in the variable of interest, explained by the shocks, can be assessed using;:

cov;(log(y;),log(;)) '

22 (log () (26)

This value corresponds to the slope coefficient obtained by regressing the model counter-
factual against the data.

As compared to the world total, the MNE-specific shocks accounted for an even greater
proportion of trade collapse variations across countries. Figure 5 reveals that MNE-
specific shocks significantly contributed to 25% of trade collapse variation (also see Table
10) and 64% of MP collapse variation across countries — consistent with the observed pos-

itive correlation between trade and MP collapses across countries. They also explained

#Section B.5 presents the model that does not have MNEs.

In this model I set the sourcing and selling efficiencies with non-headquarters countries all to one:
h;,; = H,; = 1, and all other parameters take their values in the full model. As a result, domestic firms
and foreign affiliates have the same sourcing shares and sell the same share of their output to a specific
destination country. See Section 3.2 for the discussion.
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12% of welfare variation. Table A.18 shows that among all MNE-specific shocks, MNE
sourcing shocks — a reduction in MNE sourcing from non-headquarters countries — con-
tributed the most to trade collapse variation. Meanwhile, MNE-relative productivity

shocks contributed the most to MP collapse and welfare change variations.

Final demand shocks significantly impacted global trade decline but were not the
main cause of differences across countries. As suggested by Figure 5 and Table 10, do-
mestic productivity shocks accounted for 29% of cross-country trade collapse variations,
while final demand shocks explained only 2%. Thus, compared to demand shocks, sup-
ply shocks contributed more to cross-country variations of trade collapse, MP collapse
and welfare changes.

Table 10: Importance of Shocks for Cross-country Variations of Trade Col-
lapse, MP Collapse, and Welfare Changes

Shocks Trade Collapse ~ MP Collapse =~ Welfare
1) ) )
MNE-specific Shocks 24.90% 64.10% 11.72%
Domestic Productivity Shocks 28.72% 28.74% 53.75%
Final Demand Shocks 1.70% 0.63% 19.66%
Supply Shocks 24.46% 78.00% 58.31%
Demand Shocks 7.06% 9.91% 27.76%
All Shocks 100.00% 100.00% 100.00%

Description: This table displays the effects of various shocks on cross-country trade,
MP, and welfare changes during the Great Recession. Trade collapse is measured
with changes in average imports and exports relative to GDP, while MP collapse is
measured with changes in average inward and outward MP relative to GDP. The
share of cross-country variation explained by shock groups is calculated using Equa-
tion (26).

Model without MP or without MNE International Transaction Frictions Table A.19
indicates that without MP, neither domestic productivity nor final demand shocks could
absorb MNE-specific shocks” impact on cross-country trade collapse variations. Table
A.20 demonstrates that without the sourcing and selling frictions for MNEs, MNE-specific
shocks couldn’t explain cross-country trade collapse variations (-0.4%). This supports
findings from Section 5.1.1 on global trade collapse, reiterating that MNEs” high trade
intensity was the main reason their shocks impacted trade collapse.
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Figure 5: Importance of Shocks in Cross-country Variation of Trade Collapse, MP Col-

lapse, and Welfare Changes
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Description: These figures illustrate the effects of various shocks on cross-country trade, MP, and welfare changes during the Great
Recession. Trade collapse is measured by changes in average imports and exports relative to GDP, while MP collapse is measured
by changes in average inward and outward MP relative to GDP. The share of cross-country variation explained by shock groups is
determined using Equation (26). The green dashed line represents the fitted regression, while the red line signifies the 45-degree line.

5.1.3 Impact of Shocks during Other Episodes

Post-Great Recession, global trade recovered, with the global trade to GDP ratio rising
from 0.25 in 2009 to 0.29 in 2010. Table A.21 and Figure A.10 show MNE-specific shocks as
the primary recovery driver. In contrast, domestic productivity shocks and final demand
shocks had limited impact on the trade recovery. MNE-specific shocks alone would re-
store the MP-to-GDP ratio to pre-Recession levels, but global MP didn’t fully recover due
to reduced contributions from domestic productivity shocks and final demand shocks.
These findings, supported by the decomposition results in Table A.4, indicate that post-
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Recession, MP recovered relative to GDP in an average country, aiding trade rebound.*
However, MP-intensive countries, especially in Europe, experienced sluggish recoveries,

preventing global MP from recovering to its pre-Recession level.*®

From 2013, world trade and MP declined again relative to GDP. Table A.22 and Figure
A.11 show all shocks contributed to these declines without a single dominant shock (con-
sistent with decomposition findings in Table A.5).* Additionally, MNEs underperformed

domestic firms in an average country, further contributing to trade and MP declines.

Discussion I document that MNE-specific shocks had a more significant impact on
cross-country differences in the trade collapse compared to sectoral final demand shocks.
The literature examining the trade collapse suggests that the financial crisis at the root of
the Great Recession led to a reduction in demand for durable investment goods, which
are more tradable, in many countries. Consistent with their findings, I observe that these
sectoral final demand shocks contributed to the decline in world total trade. However,
given that the MP collapse was heterogeneous and concentrated in major headquarters
countries, and MNEs are trade-intensive, the MNE-specific shocks, which were the pri-
mary driver of the MP collapse, had a more significant impact on the differences across
countries. Although within-country final demand shocks contributed to the trade col-
lapse in an average country, as the trade collapse was a nearly universal experience, these

shocks did not substantially affect cross-country variations.

Moreover, the literature argues that the trade collapse was temporary because demand
for durable goods would rebound as the financial crisis subsided. I provide a new expla-
nation for the transitory trade collapse. Since a significant portion of the trade collapse re-
sulted from MNE-specific shocks in key MP headquarters, and these MNE-specific shocks
recovered after the Great Recession, leading to a rebound in trade.

5.2 Propagation of Shocks

I examine the amplification of domestic productivity shocks in headquarters countries on
trade and MP collapses through MP linkages. Additionally, I explore the impact of top
global MP headquarters’ shocks on other countries through MP and trade.

#Table A.23 shows the impact of shocks on cross-country variations in trade, MP, and welfare changes
from 2009 to 2010.

#For Europe’s lack of recovery, see discussions in Nelson et al. (2012), Bean et al. (2015), among others.

#Table A.24 shows the impact of shocks on cross-country variations in trade, MP, and welfare changes
from 2013 to 2016, confirming that no single shock predominantly contributed to these declines during
this period. This period was marked by stagnant euro-zone growth, crises in emerging markets, and weak
global commodity demand. See, for example, Constantinescu et al. (2016).
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5.2.1 Domestic Productivity Shocks Propagation through MP Linkages

Domestic productivity shocks in headquarters and host countries influence the produc-
tivity of MNEs compared to host country domestic firms (see Section 4.4). Due to these
propagation effects, these shocks contributed to MNE-specific shocks, which significantly
impacted trade, MP, and welfare collapses (Section 5.1).

For quantification, we examine the effects of three shock combinations: (1) propa-
gated headquarters productivity shocks, where domestic productivity in the headquar-

ters country determines MNE’s relative productivity to host country domestic firms:

{As A;t

A\ ¢
T = (Afi) |V, j} per Equation (23); (2) propagated host country productivity
shocks, where host country domestic productivity determines MNE’s relative produc-
. ¢
tivity: {A§j7 jj = < T ) Vi, j }; and (3) only domestic productivity shocks, with MNE

relative productivity unaffected by headquarters or host country shocks: {fl? S| Vi, j } 20

1 As .
17

All other shocks in the model are muted.

Figure 6: Propagation of Domestic Productivity Shocks through MP Headquarters and
Host Countries: Global Trade Collapse and MP Collapse

(a) Trade Collapse (b) MP Collapse
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Description: These figures illustrate the impact of domestic productivity shocks, their propagation through MP headquarters, and
host country linkages on global trade and MP collapse during the Great Recession (2008-2009, shaded years). Dashed lines represent
individual shock groups’ impacts, while post-2009 lines indicate counterfactual outcomes influenced by actual shocks, stemming from
counterfactual market shares due to individual shock groups.

Figure 6 and Table A.25 indicate that if domestic productivity shocks propagated
through MP headquarters linkages, the impact of domestic productivity shocks on the
global trade collapse was increased by 40% (from 1.09 percentage points or 27% of actual

50121;2- denotes the change in the MNE (headquartered in i and operating in j) productivity from its pre-
recession 2008 level to the counterfactual level.
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decline in world trade to GDP ratio to 1.53 percentage points or 38% of actual decline in
world trade to GDP ratio). With this mechanism, adverse domestic productivity shocks
not only reduced the output and competitiveness in the countries that were directly af-
fected by these shocks, but also undermined the productivity of MNEs headquartered
in these countries. The propagation effect amplified domestic productivity shocks” im-
pact on trade, as these shocks adversely affected key MP headquarters, whose MNEs
were responsible for a substantial portion of global trade. Through the MP headquarters
linkages, the impact of domestic productivity shocks on the global MP collapse was also
increased by 20% (from 0.64 percentage points or 33% of actual decline in world MP to
GDP ratio to 0.76 percentage points or 39% of actual decline in world MP to GDP ratio).

Propagation through MP host country linkages reduced the impact of domestic pro-
ductivity shocks. The consequence of such propagation is that, if the domestic productiv-
ity of a country were to be adversely affected, the foreign affiliates in that country would
perform better than their domestic counterparts. This mechanism thus undermined the
impact of domestic productivity shocks on the collapse of MP and, consequently, on trade.

In terms of cross-country variations, propagation through MP headquarters increased
the impact of domestic productivity shocks on trade collapse, MP collapse, and welfare
changes by 21%, 9%, and 45% (Table 11 and Figure A.12). Remarkably, these propagated
domestic productivity shocks can account for over 80% of the cross-country variation in
welfare changes. On the other hand, propagation through the host country reduced the
effects of domestic productivity shocks. Tables A.26 and A.27 show that propagation
through MP headquarters also increased the impacts of domestic productivity shocks
during the post-Recession recovery period and during the trade and MP declines from
2013 to 2016.

Table 11: Propagation of Domestic Productivity Shocks through MP Headquar-
ters and Host Countries: Cross-country Variations in Trade Collapse, MP Col-

lapse, and Welfare

Shocks Trade Collapse  MP Collapse ~ Welfare
) ) €)

Propagation through Headquarters 34.84% 32.19% 82.69%

Propagation through Host Countries 14.20% 19.77% 24.73%

Domestic Productivity Shocks 28.72% 28.74% 57.01%

Description: This table displays the impact of domestic productivity shocks, their propa-
gation through MP headquarters, and host country linkages on cross-country variations in
trade collapse, MP collapse, and welfare changes during the Great Recession. Trade col-
lapse is gauged by changes in imports and exports relative to GDP, while MP collapse is
determined by changes in inward and outward MP relative to GDP. Cross-country varia-
tion shares are calculated using Equation (26).
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5.2.2 Top Headquarters” MNE-specific Shocks

I explore whether shocks spread more broadly through MP than international trade by
examining the impact of MNE-specific shocks in the top ten MP headquarters on the
global economy. Additionally, I investigate domestic productivity shocks affecting top
exporters and sectoral final demand shocks in top importers for comparison.

MNE-specific shocks in the top ten headquarters countries 2 are defined as:
{Aﬂ-, ﬁij, ﬁm,&ii\i € Q,Vj,n}. These shocks relate to MNEs headquartered in ¢ € (2
and capture changes in their relative productivity and final demand compared to the
host country domestic firms, as well as their sourcing and selling efficiencies to non-
headquarter countries. Similarly, MNE-specific shocks in the top ten host countries (2" are
defined as: {flji, ﬁmj, H jir 5l J € U,V m}. These host economy shocks capture changes
in the relative productivity and final demand of MNEs hosted by country j compared to
country j’s domestic firms and changes in global MNEs’ sourcing and selling efficiencies

from and to country j.>! All other shocks in this model are muted.

Table 12 and Figure A.13 reveal that MNE-specific shocks that originated from the top
ten global MP headquarters accounted for 20% of MP collapse variation and 8% of welfare
change variation across the fifty other countries.”> MNE-specific shocks in the top ten host
countries explained 13% of MP collapse variation and 2% of welfare changes. However,
neither domestic productivity shocks in top exporters nor sectoral final demand shocks
in top importers significantly impacted trade, MP, or welfare in other countries.

These findings indicate that shocks spread more widely through MP than interna-
tional trade. Countries with limited outward MP, like China and India, may receive sub-
stantial inward MP from major headquarters such as the US, making their economic activ-
ities vulnerable to MNE-specific shocks. As imports and exports are generally balanced,
countries with minimal trade aren’t greatly impacted by shocks affecting top global ex-
porters and importers. To explain a universal trade collapse, shocks that happened in

almost all countries were necessary.

51 As of 2007, the top ten global headquarters were: USA, JPN, GBR, DEU, FRA, NLD, CHE, ITA, ROW,
and CAN; the top ten global host countries were (ISO code): USA, DEU, GBR, CHN, FRA, CAN, ITA, AUS,
ESP, and NLD; the top ten importers were: USA, DEU, CHN, JPN, GBR, FRA, ITA, CAN, KOR, and RUS;
and the top ten exporters were: USA, JPN, CHN, DEU, GBR, FRA, ITA, ESP, CAN, and RUS.

2Table 10 shows that all MNE-specific shocks contributed 12%.
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Table 12: Propagation of MNE-specific Shocks in the Top Headquarters and Host Countries:
Cross-country Variations in Trade Collapse, MP Collapse, and Welfare for Other Countries

Shocks MP Collapse  Trade Collapse ~ Welfare
1) (2) ®)
MNE-specific Shocks in Top 10 Headquarters 19.33% 4.22% 8.43%
MNE-specific Shocks in Top 10 Host Countries 12.89% 3.87% 2.32%
Domestic Productivity Shocks in Top 10 Exporters 4.02% -0.46% 0.05%
Final Demand Shocks in Top 10 Importers 0.06% -1.34% 0.10%

Description: This table shows the impact of MNE-specific shocks in the top 10 headquarters and host
countries, domestic productivity shocks in top 10 exporters, and final demand shocks in top 10 importers
on cross-country variations in trade collapse, MP collapse, and welfare changes during the Great Reces-
sion. Trade collapse is measured by changes in average imports and exports relative to GDP, while MP
collapse is assessed by changes in inward and outward MP relative to GDP. Cross-country variation shares
are calculated using Equation (26).

5.2.3 Top Headquarters’ Domestic Productivity Shocks Propagation via MP Linkages

The findings presented in Section 2.2 suggest that adverse productivity shocks in key
headquarters countries, along with their propagation to these countries” MNEs operating
abroad, can help explain the “Multinationals” Resilience Puzzle”: they led to a decrease
in MP in larger countries and a reduction in GDP in MP-intensive countries during the
Great Recession. When domestic productivity shocks propagate through MP headquar-

ters linkages, they can also significantly influence other countries’” trade and welfare.

In this exercise, similar to Section 5.2.1 and based on Equation (23), I analyze four sce-

narios: (1) domestic productivity shocks in the top ten headquarters, with these shocks

propagating through MNEs: { As Al

i) As .
77

A\ P°
= (AfZ) li € Q,Vj }, where (2 denotes the top ten

headquarters (see Section 5.2.2); (2) domestic productivity shocks in the top ten host coun-

N o°
s A% < 1 ) |7 € Vi 3, where Q' denotes the

177 As As
7 Ajj Ajj

tries propagating through MNEs: { A
top ten host countries (see Section 5.2.2); (3) domestic productivity shocks in the top ten
headquarters with MNE relative productivity unaffected by these headquarters shocks:

{AS A

7
1) As.
27

=1li € Q,Vj } ; and (4) domestic productivity shocks in the top ten host coun-
tries with MNE relative productivity unaffected by these host country shocks:
{fls S |7 e, Vz’}. All other shocks in this model are muted.

377 A

Table 13 and Figure A.14 demonstrate that domestic productivity shocks in the top
ten global headquarters, when propagated through their linkages, lead to considerable
cross-country variation (17% of the factual level) in trade collapse. These propagated
shocks also explain 6% and 4% of cross-country variation in the MP collapse and welfare

changes, respectively.

Conversely, consistent with Section 5.2.2, Table 13 and Figure A.14 also reveals that
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Table 13: Propagation of Domestic Productivity Shocks in Top Headquarters and Host Countries: Cross-country
Variations in Trade Collapse, MP Collapse, and Welfare across Other Countries

Shocks Trade Collapse  MP Collapse =~ Welfare
1) &) ®)
Propagation of Domestic Productivity Shocks in Top 10 Headquarters 17.19% 6.60% 4.48%
Domestic Productivity Shocks in Top 10 Headquarters -1.55% -2.64% 0.13%
Propagation of Domestic Productivity Shocks in Top 10 Host Countries -0.15% 1.01% -0.55%
Domestic Productivity Shocks in Top 10 Host Countries —2.23% 1.03% 0.13%

Description: This table presents the impact of domestic productivity shocks in the top 10 headquarters countries, these shocks
propagated through MP headquarters, and these shocks propagated through MP host country linkages, on the cross-country
variation in the collapse of trade, MP, and welfare changes during the Great Recession. Country-level trade collapse is measured
with the change in the average of its imports and exports relative to its GDP. Country-level MP collapse is measured with the
change in the average of its inward MP (sales made by foreign affiliates hosted by this country) and its outward MP (sales made
by the country’s affiliates hosted by other countries) relative to its GDP. The share of cross-country variation explained by a group
of shocks is calculated with Equation (26).

without MP propagation (only trade), domestic productivity shocks in top headquarters
and host countries do not significantly affect changes in trade, MP, or welfare in other
countries. Furthermore, shocks in top host countries have limited impact on others, even
when propagated through MP host linkages (as seen in Section 5.2.1).

5.24 Understanding the “Multinationals” Resilience Puzzle” through the Model

Table 14 demonstrates that the propagation of domestic productivity shocks through
headquarters linkages could explain the “Multinationals” Resilience Puzzle”. A counter-
factual involving domestic productivity shocks in the top 10 headquarters (as in Section
5.2.3), which spread to the rest of the world, leads to more pronounced MP declines in
larger countries, steeper GDP declines in MP-intensive countries, and increased MP re-
silience compared to GDP in an average country. These shocks not only reduce outward
MP from the key headquarters countries but also affect countries with high MP inten-
sity due to their high exposure to productivity shocks in the major headquarters. These
propagated headquarters shocks can also account for the decline in trade relative to GDP
observed in an average country.

Table 14: Decomposition of World Total MP and Trade Declines into Between-country and Within-country Components under Different Shock Scenarios

(A) MP/Trade Declined (B) GDP Declined
Scenarios More in Larger Countries  More in MP/Trade Intensive Countries ~ (C) Within-country Total
MP Collapse
Data —0.018 (104.0%) —0.008 (49.0%) 0.009 (=53.0%) —0.017 (100%)
Domestic Prod. Shocks in Top 10 HQ Prop. through HQ —0.011 (139.4%) —0.008 (94.8%) 0.011 (-134.2%) —0.008 (100%)
Domestic Prod. Shocks in Top 10 Hosts Prop. through Hosts —0.001 (12.8%) —0.005 (92.9%) 0.000 (-5.6%) —0.006 (100%)
Domestic Productivity Shocks in Top 10 Exporters 0.009 (—208.2%) 0.000 (—0.2%) —0.013 (308.4%) —0.004 (100%)
Final Demand Shocks in Top 10 Importers 0.008 (-280.8%) 0.005 (-153.4%) -0.016 (534.2%) -0.003 (100%)
Trade Collapse
Data 0.008 (—23.4%) —0.002 (6.7%) -0.038 (116.6%) —0.033 (100%)
Domestic Prod. Shocks in Top 10 HQ Prop. through HQ -0.000 (0.0%) -0.003 (23.4%) -0.009 (76.5%) -0.011 (100%)
Domestic Prod. Shocks in Top 10 Hosts Prop. through Hosts 0.004 (—41.8%) -0.002 (15.3%) —-0.013 (126.5%) —0.010 (100%)
Domestic Productivity Shocks in Top 10 Exporters 0.004 (—40.9%) —-0.002 (20.9%) —-0.013 (120.0%) —0.011 (100%)
Final Demand Shocks in Top 10 Importers 0.005 (-33.9%) —-0.003 (23.2%) —-0.016 (110.7%) —0.014 (100%)

Description: This table presents the decomposition of changes in world total trade to GDP and world total MP to GDP ratios from 2008 to 2009 under various shock scenarios. These include
factual data, domestic productivity shock propagation in top 10 headquarters, host countries, exporters, and final demand shocks in top 10 importers through respective linkages. The first
component measures how much MP/trade decreased in larger countries. The second component measures how much GDP declined in countries with high MP/trade intensities. The third
component measures the contribution of cross-country simple averages of changes in multinational production and trade as a proportion of GDP. Equation (1) shows the decomposition
formula. The numbers outside the brackets refer to the magnitude of each term, while the numbers inside the brackets refer to its percentage contribution.
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In contrast, domestic productivity shocks in the top ten host countries, propagated
through host country linkages, have a limited impact on the “Multinationals” Resilience
Puzzle”. This is because MP decreases only weakly more in larger countries under these
shocks. Additionally, domestic productivity shocks in the top ten exporters and final de-
mand shocks in the top ten importers, as they propagate only through trade, result in a
significant decline in MP relative to GDP in an average country. This indicates that tra-
ditional sectoral final demand shocks or productivity shocks propagated solely through
trade are insufficient in explaining the puzzle. Nevertheless, all these shocks contribute
to a decline in trade relative to GDP in an average country.

6 Conclusion

In this paper, I show that shocks to MNEs significantly contributed to the declines of trade
during the Great Recession, both globally and across countries. The linkages between
MP headquarters and the rest of the world amplified the effects of domestic productivity

shocks on the declines of trade, MP, and welfare.

I begin by resolving the “Multinationals’ Resilience Puzzle” and find that while MNEs
were more resilient than GDP for an average country, MP declined more in larger coun-
tries and GDP declined more in MP intensive countries. These heterogeneity led to the
decline of world total MP. I also document MNEs’ higher intensity in durable manufac-

turing and international trade, particularly with headquarters and nearby countries.

The answer to the “Multinationals’ Resilience Puzzle” indicates that domestic produc-
tivity shocks in key headquarters countries and their subsequent transmission to other
countries through MNEs likely played a role in the MP collapse, impacting global trade
and welfare. To quantity these effects, I develop a model of multinational production and
global value chains considering trade, MP, and sectoral input-output linkages, accounting
for the barriers MNEs face when sourcing from and selling to non-headquarters coun-
tries. This innovation, along with the MNE's sourcing problem nesting structure, allows
the model to match the new OECD AAMNE Database and replicate the empirical facts.
I introduce new methods for estimating the model’s elasticities, including trade, MNE,
substitution across sectors and MNEs in final demand, and headquarters’ productivity
share within an MNE.

Using model simulations, I find that MNE-specific shocks significantly contributed
to the trade collapse, as supply-side productivity shocks nearly equaled the impact of

demand shocks. Due to the heterogeneity in the MP collapse across countries, MNE-
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specific shocks played a significant role in driving cross-country variations in the trade
collapse. Meanwhile, final demand shocks contributed to the decline in world total trade
but affected little the cross-country variations. Ignoring MP would assign the impact of
MNE shocks as final demand shocks, overestimating demand-side effects. MNEs” high

trade intensity was the main reason their shocks influenced the trade collapse.

I find that MP headquarters linkages considerably intensified the impact of domestic
productivity shocks on the global economy when they affected MNEs in other countries.
Without MP propagation, these shocks didn’t significantly impact the rest of the world,
even when hitting top exporters or importers. However, when domestic productivity
shocks in key headquarters countries spread through MP links, they substantially affected
trade declines and welfare in other nations.

Using the model’s framework, I conclude that the propagation of productivity shocks
through MP headquarters are crucial in resolving the “Multinationals’ Resilience Puz-
zle”. In contrast, sectoral final demand shocks explain the substantial trade decline in an
average country but not the cross-country heterogeneity patterns in MP collapse nor the

resilience of MP relative to GDP in an average country.

This framework highlights the role of international trade by MNEs in propagating
shocks across countries and sectors, affecting national welfare. Ignoring the MP mar-
gin may lead to misunderstanding welfare changes and incorrect policies. Policymakers
should monitor shocks impacting foreign headquarters with substantial MP activities in
their local economies. During the Great Recession, these shocks were more vital for do-
mestic welfare than trade shocks. FDI/MP-friendly policies, essential in promoting trade,
are particularly relevant amidst intensifying tariff wars. Beyond the Great Recession, this
framework applies to policy contexts with strong adjustments in openness margins, such

as trade and technology wars, COVID crisis lockdowns, and deep trade agreements.
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A Data appendix

Table A.1: Country Names and Country Codes

AAMNE countries Country code AAMNE countries Country code

Argentina ARG Italy ITA
Australia AUS Japan JPN
Austria AUT Korea KOR
Belgium BEL Lithuania LTU
Bulgaria BGR Luxembourg LUX
Brazil BRA Latvia LVA
Canada CAN Morocco MAR
Switzerland CHE Mexico MEX
Chile CHL Malta MLT
China CHN Malaysia MYS
Colombia COL Netherlands NLD
Costa Rica CRI Norway NOR
Cyprus CcYp New Zealand NZL
Czech Republic CZE Philippines PHL
Germany DEU Poland POL
Denmark DNK Portugal PRT
Spain ESP Romania ROU
Estonia EST Rest of the World ROW
Finland FIN Russian Federation RUS
France FRA Saudi Arabia SAU
UK. GBR Singapore SGP
Greece GRC Slovak Republic SVK
Hong Kong, China HKG Slovenia SVN
Croatia HRV Sweden SWE
Hungary HUN Thailand THA
Indonesia IDN Turkey TUR
India IND Taiwan TWN
Ireland IRL us. USA
Iceland ISL Vietnam VNM
Israel ISR South Africa ZAF

Description: This table presents the names and 3-digit ISO codes of the countries
covered in the OECD AAMNE Database.
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Table A.2: Industries in the OECD AAMNE Database

AAMNE industries Industry name Durability

A Agriculture Non-manufacturing
B Mining Non-manufacturing
C10T12 Food Non-durable
C13T15 Textile Non-durable

Cl6 Wood Durable

C17T18 Paper Non-durable

C19 Petroleum Non-manufacturing
C20T21 Chemicals Non-durable

C22 Plastic Non-durable

C23 Minerals Durable

C24 Basic metals Durable

C25 Metal products Durable

C26 Electronic & Optical Durable

C27 Electrical equipment Durable

C28 Machinery n.e.c Durable

C29 Auto Durable

C30 Other Transport & Other mfg Durable

C31T33 Manufacturing n.e.c and recycling Non-durable

DTE Electricity Non-manufacturing
F Construction Non-manufacturing
G Retail Non-manufacturing
H Transport Non-manufacturing
I Hotels Non-manufacturing
J58T60 Publishing & media Non-manufacturing
J61 Telecommunications Non-manufacturing
J62T63 Computer service Non-manufacturing
K Finance Non-manufacturing
L Real Estate Non-manufacturing
MTN Other Business Non-manufacturing
(@) Public Non-manufacturing
P Education Non-manufacturing
Q Health Non-manufacturing
RTS Other services Non-manufacturing
T Private Non-manufacturing

Description: This table presents the Industries in the OECD AAMNE Database (based
on ISIC Rev.4 classification) and their mappings to the three broad sectors considered in

this study.
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Figure A.1: Global MP and Trade Collapse in the Great Recession by Sector

(a) Durable Manufacturing (b) Non-durable Manufacturing
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Description: The figure shows that during the Great Recession (2008-2009, shadowed years), both world total foreign affiliate sales
and world total trade experienced a significant decline relative to world total value added across all sectors. The data source is OECD
Analytical Activities of Multinationals (OECD AAMNE) Database.

MNE Foreign Affiliate Sales ——--- Trade ‘

A.1 Other Decomposition Results

I further decompose the within-country effect presented in Equation (1) into three terms:
within each country, (C.1) whether MP/trade declined more in larger sectors; (C.2) whether
sectoral GDP declined more in MP/trade intensive sectors; and (C.3) the cross-sector av-
erage of MP/trade decline relative to GDP. I use the following formula:

s , s
M P; 2009 M P; 2008 Yem1 M PP ogn9 D=1 MP} o008

GDPizooo  GDP;z00s % GDPiagos S0, GDPf 05

GDP{ 5009 GDP 5008 MP? 5000 M PP 5008
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Between-country Effects
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C.3: Within-country Effect

49



Here, S denotes the total number of sectors. M P}, denotes the average of inward and

outward MP in country ¢, sector s, and year ¢. GDF;, denotes country i, sector s GDP in
year t.

The complete decomposition of global MP and trade collapses into between-country,

within-country-between sector, and within-country-within-sector forces consists of the
following five terms:

GDP; 2009 GDP; 2008
1. A: Ncov ( MP;j 2009 MUP; 2008 SN GDP; o909 SN, GDP; 5008 ) .
CoT YN GDP; 2009 GDP; 2008’ 2 ¢
MP; 2009 |, MPj 2008
2. B: NCOV‘( GDP; 2009 o GDP; 2008 GDP; 2009 ' GDP; 2008 )
. . i ~ ~
> iz1 GDP; 2000 > ieq GDP; 2008’ 2 /
GDP} 5409 GDP} 9408
S s S N
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MPPa000 | MP} o008
S S S S
4. .2 L ZN Scov ( GDP} 5009 _ GDPPyus GDPP o009~ GPF] 2008 )
. -4 -1 s 3 s N s , ’
N n 2=t GDPF} 5009 2os=1 GDP 5408 2
5. (.3 LZN 125 ( MPPasg — MPPones )
. .O. _ _ " . .
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Table A.3 presents the decomposition results.
Table A.3: Decomposition of Changes in Global MP and Trade
Within Country Within Country
MP /Trade Changed More GDP Changed More MP /Trade Changed More GDP Changed More Within Country
in Larger Countries in MP/Trade Intensive Countries in Larger Sectors in MP/Trade Intensive Sectors within Sectors Total
2008-2009: Global Trade and MP Collapse
MP ~0.018 (104.0%) ~0.008 (49.0%) ~0.014 (80.4%) -0.004 (25.1%) 0.027 (-158.5%)  —0.017 (100%)
Trade 0.008 (-23.4%) —-0.002 (6.7%) 0.027 (-81.7%) —0.006 (19.4%) —0.059 (178.9%)  -0.033 (100%)
2009-2010: Post-Recession Recovery
MP 0.007 (182.3%) ~0.006 (-143.8%) ~0.013 (-329.5%) 0.004 (104.1%) 0.011 (286.9%)  0.004 (100%)
Trade ~0.010 (-43.7%) ~0.000 (-0.2%) ~0.023 (-103.2%) 0.007 (31.7%) 0.047 (2154%)  0.022 (100%)
2013-2016: Trade and MP Declines
MP ~0.006 (40.3%) ~0.005 (30.3%) ~0.027 (170.8%) ~0.002 (11.0%) 0.024 (-152.4%)  —0.016 (100%)
Trade ~0.015 (57.4%) ~0.005 (17.3%) ~0.024 (91.4%) 0.001 (-3.3%) 0.017 (-62.8%)  —0.027 (100%)

Description: This table presents the decomposition of the change in the ratio of world total trade to world GDP and the ratio of world total MP to world GDP for three periods: Great
Recession from 2008 to 2009, post-Recession recovery from 2009 to 2010, and the trade and MP decline from 2013 to 2016. The first component measures how much MP/trade decreased
in larger countries. The second component measures how much GDP declined in countries with high MP/trade intensities. The third component measures, for an average country, how
much MP/trade declined in larger sectors. The fourth component measures, for an average country, how much sectoral GDP declined in the sectors with high MP/trade intensities. The
fifth component measures the contribution of cross-country, cross-sector simple averages of changes in multinational production and trade as a proportion of GDP. The formula for such
decomposition is presented in Equation (1). The numbers outside the brackets refer to the magnitude of each term, while the numbers inside the brackets refer to its percentage contribution.

50



Table A.4: Decomposition of Changes in Global MP and Trade, 2009-2010

MP /Trade Increased More GDP Increased More
in Larger Countries in MP/Trade Intensive Countries =~ Within Country Total

All

MP 0.007 (182.3%) —0.006 (-143.8%) 0.002 (61.5%) 0.004 (100%)
Trade —0.010 (-43.7%) -0.000 (-0.2%) 0.031 (143.9%) 0.022 (100%)

A. Durable Manufacturing

MP -0.038 (209.4%) -0.015 (80.0%) 0.035 (-189.4%)  -0.018 (100%)
Trade -0.000 (-0.1%) -0.003 (-4.6%) 0.069 (104.6%) 0.066 (100%)

B. Non-durable Manufacturing

MP 0.024 (427.8%) -0.019 (-345.6%) 0.001 (17.8%) 0.006 (100%)
Trade -0.014 (-42.1%) -0.007 (-19.1%) 0.055 (161.2%) 0.034 (100%)

C. Non-manufacturing

MP 0.009 (304.2%) -0.004 (-137.0%) -0.002 (-67.2%)  0.003 (100%)
Trade —0.006 (-62.3%) -0.000 (-2.2%) 0.017 (164.4%) 0.010 (100%)

Description: This table presents the decomposition of the change in the ratio of world total trade to world GDP and the
ratio of world total MP to world GDP from 2008 to 2009. The first component measures how much MP/trade decreased
in larger countries. The second component measures how much GDP declined in countries with high MP/trade in-
tensities. The third component measures the contribution of cross-country simple averages of changes in multinational
production and trade as a proportion of GDP. The formula for such decomposition is presented in (1). The numbers
outside the brackets refer to the magnitude of each term, while the numbers inside the brackets refer to its percentage
contribution.

Table A.5: Decomposition of Changes in Global MP and Trade, 2013-2016

MP /Trade Declined More GDP Declined More
in Larger Countries in MP/Trade Intensive Countries =~ Within Country Total

All

MP -0.006 (40.3%) -0.005 (30.3%) -0.005 (29.4%)  —0.016 (100%)
Trade -0.015 (57.4%) -0.005 (17.3%) -0.007 (25.3%)  —0.027 (100%)

A. Durable Manufacturing

MP -0.039 (-295.1%) -0.016 (-121.6%) 0.069 (516.7%) 0.013 (100%)
Trade —0.068 (174.6%) -0.015 (37.5%) 0.043 (-112.1%)  —0.039 (100%)

B. Non-durable Manufacturing

MP -0.019 (66.8%) -0.025 (87.2%) 0.015 (-54.1%)  —0.029 (100%)
Trade -0.035 (98.0%) -0.022 (61.5%) 0.021 (-59.5%)  —0.036 (100%)

C. Non-manufacturing

MP -0.004 (21.9%) -0.004 (21.5%) -0.011 (56.7%)  —0.019 (100%)
Trade -0.007 (26.4%) -0.004 (16.3%) -0.015 (57.2%)  —0.025 (100%)

Description: This table presents the decomposition of the change in the ratio of world total trade to world GDP and the
ratio of world total MP to world GDP from 2008 to 2009. The first component measures how much MP/trade decreased
in larger countries. The second component measures how much GDP declined in countries with high MP/trade in-
tensities. The third component measures the contribution of cross-country simple averages of changes in multinational
production and trade as a proportion of GDP. The formula for such decomposition is presented in Equation (1). The
numbers outside the brackets refer to the magnitude of each term, while the numbers inside the brackets refer to its
percentage contribution.

A.2 Other Empirical Findings
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Figure A.2: MP and Trade Collapses were Positively Correlated at the Country Level for Each Sector

(a) Durable Manufacturing (b) Non-durable Manufacturing
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Description: This figure shows, by sector, the changes in the average of inward and outward affiliate sales, as well as the average of
imports and exports in relation to the GDP for each country from 2008 to 2009. Regressing the MP collapse on the trade collapse at the
country level gives a coefficient of 0.702 and a standard error of 0.294 for durable manufacturing, a coefficient of 0.904 and a standard
error of 0.422 for non-durable manufacturing, and a coefficient of .442 and a standard error of 0.188 for non-manufacturing. The data
source is OECD Analytical Activities of Multinationals (OECD AAMNE) Database.

A.3 Impact of MNE Status and Headquarters Locations on Foreign Af-
filiate Importing and Exporting

I study how foreign affiliates differ from domestic firms with regard to importing. I take
advantage of the Annual Survey of Chinese Manufacturing (ASCM) Database, which cov-
ers firm-level business statistics, e.g. sales, capital, etc., for all Chinese manufacturing
tirms whose annual sales top 5 million RMB (roughly 0.6 million dollars). I link it with
the Chinese Customs Records (CCR) Database, which covers all international transactions
by Chinese firms, including imports and exports values, 8-digit HS code, firm registration
information, among others. A third database is the Foreign-Invested Enterprise Survey
in China (FIESC), which documents the ownership nationalities of all foreign affiliates in
China. ASCM and FIESC could be exactly matched with a unique numeric firm iden-

tifier, whereas CCR and ASCM are matched according to the registration information,

52



Figure A.3: Positive Correlation Between Changes in MP-to-GDP Ratio and Changes in Trade-to-GDP
Ratio at the Country Level for 2009-2010, 2014-2016, and Year-over-Year Changes
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Description: This figure shows the log changes in the average of inward and outward affiliate sales, along with the average of
imports and exports, in relation to each country’s GDP for three periods: 2009-2010 (post-Recession recovery), 2013-2016 (trade and
MP declines), and year-over-year changes. At the country level, regressing the MP collapse on the trade collapse yields a coefficient
of 0.819 and a standard error of 0.198 for changes from 2009 to 2010, a coefficient of 0.378 and a standard error of 0.106 for changes
from 2013 to 2016, and a coefficient of 0.351 and a standard error of 0.062 for year-over-year changes. The data source is the OECD
Analytical Activities of Multinationals (OECD AAMNE) Database.

e.g. name, address, etc. Similar to Wang (2019), I take a cross-section of the databases in
2001. More information about the database and the matching algorithm could be found
in Wang (2019).

The first fact I establish is conditional on firm-level characteristics, foreign affiliates are
more likely to import and import more than domestic firms. I regress a dummy variable
indicating whether or not a firm imports as well as its share of imported intermediate
input in total sales (level and log) on its status as a foreign affiliate. I control for the firm’s
employment, capital, intermediate input, TFD, as well as the 2-digit industry fixed effect.
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Therefore, I consider the following regression specification:

Sy =p11(Foreign subsidiary) s + (s, log(empf) + B3 log(capf)
+ By log(interm;) + 85 10g(TFPy) + FEyp) + €,
where S; denotes whether the firm imports: 1(Imp), the share of imported intermediate

Imp , Imp , )
Sales; /*

input in firm sales: or the share in log: log(

p
Sales;
The results are presented in Table A.6. Being a foreign affiliate is strongly positively
associated with both the firm’s importing decision and the share of imported intermediate
input in total sales. On average, foreign affiliates are 36% more likely to import (Column
1), 14 percentage points higher for imports as a share of total sales (Column 2), and 187
percent higher for those having positive imports (Column 3). Therefore, foreign affiliates

engage more in importing than domestic firms with similar firm-level characteristics.
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Table A.6: Conditional on Firm-level Characteristics, Foreign Affiliates Im-

port More
(1) @ ©)

1 (Imp)f % log( Saljsff )
1(Foreign subsidiary) 0.360"* 0.140" 1.870**

(0.00840) (0.0174) (0.103)
log(emp ) 0.0102*** 0.0139** -0.100

(0.00342) (0.00647) (0.107)
log(cap,) 0.0213*** 0.00841*** 0.302***

(0.00232) (0.00179) (0.0432)
log(intermy) 0.0201*** -0.0144** -0.269**

(0.00160) (0.00669) (0.114)
log(TFPy) 0.0118*** 0.000381 -0.244*

(0.00297) (0.00391) (0.104)
Fixed effects 2-digit industry 2-digit industry 2-digit industry
Observations 139613 139613 16518

Standard errors in parentheses
*p <0.10, " p < 0.05, *** p < 0.01

Description: The table shows the association between importing and foreign affiliate
status. In Columns (1), (2), and (3), the dependent variables are: a dummy variable
for whether the firm imports, the firm’s share of imported intermediate inputs in total
sales, and the firm’s log share of imported intermediate inputs in total sales. The in-
dependent variables are: a dummy variable to indicate whether the firm is a foreign
affiliate, log firm employment, log capital, log total intermediate input, and log total
factor productivity (estimated with the Olley and Pakes (1996) method). 2-digit indus-
try fixed effects are also controlled. I exclude the state-owned firms, processing traders
and firms in the exporting zones.

Next I show that conditional on importing, foreign affiliates source more from their
headquarters and the origin countries closer to their headquarters. Therefore, the sample
drops Chinese domestic firms and the firms that do not import. For dependent variables,
I consider whether a foreign affiliate headquartered in country m and operating in China
imports from an origin country j, as well as the importing values. I regress them on
whether the importing origin is the headquarters and the distance between m and j. I
add whether m and j share a common language, common border and common legal
origin as controls. I use the origin fixed effect to control for the bilateral trade cost from
the sourcing origin to China. I use the firm fixed effect to control for the potentially
confounding firm characteristics. Therefore, the variation is within firm, between the

foreign affiliate’s headquarters and the sourcing origin. I use the following regression
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Table A.7: Conditional on Importing, Foreign Affiliates Import More from
the Headquarters and the Origin Countries Closer to the Headquarters

) ) ®) 4)

Full sample m#j Full sample m#j
l(xf,CijV > 0) 1($f,Cij' > 0) log(xf,Cij-) log(xf,Cij')
1(m =) 0.130%** 2456
(0.0244) (0.214)
log(dist)mj -0.00278*** -0.192***
(0.000579) (0.0361)
1 (common lang.)mj 0.000317 0.0861
(0.000610) (0.136)
1 (contiguity), . 0.0127*** 0.162
(0.00317) (0.152)
1 (legal)mj 0.000428 -0.0610
(0.000915) (0.0851)
Fixed effects fiJ fiJ [ fiJ
Cluster m—j m—j m—j m—j
Observations 3889704 3889704 25428 25428

Standard errors in parentheses
*p <0.10, ™ p < 0.05, *** p < 0.01

Description: The table shows conditional on importing, the association between a
foreign affiliate’s imports from a sourcing origin, with whether or not the origin is
the foreign affiliate’s headquarters, and if not, the distance between the importing
origin and the headquarters. Column (1) and (3) compare sourcing from headquar-
ters with non-headquarters. Column (2) and (4) study the sample of sourcing from
non-headquarters. Dependent variables are dummy variables for Column (1) and
(2) and importing values (in log) for Column (3) and (4), denoting a foreign affiliate
headquartered in m operating in China, importing from origin j. The independent
variables include whether the sourcing origin is the headquarters, and if not, the
distance between the sourcing origin and the headquarters (in log). Whether the
headquarters share a common language, common border, and legal origin with the
sourcing origin are added as controls. The firm and origin fixed effects are also con-
trolled. Standard errors are clustered on the headquarter-origin level. Following
Wang (2019), I exclude the state-owned firms, processing traders and firms in the
exporting zones. I exclude firms headquartered in Hong Kong, Macao, Taiwan and
China (mainland).

specification:

Sr.onm; =Pil(m = j) + @log(dist)m + f31 (common lang.)mj + 541 (contiguity)mj + 51 (legal)mj
+ 5f + Cj + Ef’Cij,
where S§ cnn; denote whether the firm f that is headquartered in country m and hosted

in China (C'N) imports from country j: 1(x s cnm;. > 0), or the log value of the firm f that

is headquartered in country m imports from country j: log(z s,cnm;.)-

Table A.7 shows that, conditional on importing, foreign affiliates on average are 13
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percentage points more likely to source from their headquarters (Column 1) and source
246% more from headquarters than non-headquarters (Column 3). Column 2 and 4 show
that, one percent increase in the distance between the headquarter and the sourcing origin
is associated with 0.3 percentage points decline in the probability of sourcing and 0.2%

decline in importing values.

A4 Foreign Affiliates Differ from Domestic Firms in terms of Export-
ing

In this section I replicate the findings in Wang (2019). I show that conditional on firm char-
acteristics, foreign affiliates are more likely to export and export more than local firms.
Furthermore, conditional on exporting, foreign affiliates are also more likely to export
and export more back to their headquarters and the countries closer to their headquar-

ters.

Conditional on firm-level characteristics, foreign affiliates are more likely to export
and export more than domestic firms. I regress a dummy variable indicating whether or
not a firm exports as well as its share of exports in total sales (level and log) on its status as
a foreign affiliate. I control for the firm’s employment, capital, intermediate input, TFP, as
well as the 2-digit industry fixed effect. I consider the following regression specification:

St =PH11(Foreign subsidiary); + ;> log(emp ) + 3 log(cap )
+ B4log(interm;) + B5 log(TFP;) + FEyy) + €y,
where S; denotes whether the firm exports: 1(Exp);, the share of exports in firm sales:

Exp, Exp, )
Sales Sales; /*

or the share in log: log(

The results are presented in Table A.8. Being a foreign affiliate is strongly positively
associated with both the firm’s exporting decision and the share of exports in total sales.
On average, foreign affiliates are 34% more likely to export (Column 1), 25 percentage
points higher for imports as a share of total sales (Column 2), and 96 percent higher for
those having positive imports (Column 3). Therefore, foreign affiliates engage more in
exporting than domestic firms with similar firm-level characteristics.

Conditional on exporting, foreign affiliates export more to their headquarters and the
destination countries closer to their headquarters. For dependent variables, I consider

whether a foreign affiliate headquartered in country ¢ and operating in China exports to
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Table A.8: Conditional on Firm-level Characteristics, Foreign Affiliates Ex-

port More
1) @ ©)
1(Exp)f Sa)l(ssff log( Sa)l(:?sff )
1(Foreign subsidiary) 0.338"* 0.254" 0.962***
(0.0122) (0.0313) (0.0705)
log(emp ) 0.0314** 0.0407** 0.259***
(0.00293) (0.00903) (0.0459)
log(cap,) 0.00953*** -0.00346 -0.170**
(0.00270) (0.00269) (0.0331)
log(intermy) 0.0194** -0.0213** -0.323***
(0.00234) (0.00813) (0.0436)
log(TFPy) 0.00185 -0.00307 -0.336"**
(0.00234) (0.00292) (0.0469)
Fixed effects 2-digit industry 2-digit industry 2-digit industry
Observations 139613 139613 19569

Standard errors in parentheses
*p <0.10,* p < 0.05,*** p < 0.01

Description: The table shows the association between exporting and foreign affiliate
status. In Columns (1), (2), and (3), the dependent variables are: a dummy variable
for whether the firm exports, the firm’s share of exports in total sales, and the firm’s
log share of exports in total sales. The independent variables are: a dummy variable
to indicate whether the firm is a foreign affiliate, log firm employment, log capital, log
total intermediate input, and log total factor productivity (estimated with the Olley and
Pakes (1996) method). 2-digit industry fixed effects are also controlled. I exclude the
state-owned firms, processing traders and firms in the exporting zones.

a destination country n, as well as the exporting values. I regress them on whether the
exporting destination is the headquarters and the distance between i and n. I add whether
i and n share a common language, common border and common legal origin as controls.
I use the destination fixed effect to control for the bilateral trade cost from China to the
exporting destination. I use the firm fixed effect to control for the potentially confounding
tirm characteristics. Therefore, the variation is within firm, between the foreign affiliate’s

headquarters and the selling destinations. I use the following regression specification:

Stncni =511(i = n) + Bolog(dist), , + B31 (common lang.) . + 841 (contiguity), . + (51 (legal), .
+ 07 + Gy + €5 mCNis

where S¢,.cni denote whether the firm f that is headquartered in country i and hosted
in China (C'N) exports to country n: 1(zs,,.cni > 0), or the log value of the firm f that is
headquartered in country i exports to country n: log(z n.cni)-

58



Table A.9: Conditional on Exporting, Foreign Affiliates Export More to the
Headquarters and the Destination Countries Closer to the Headquarters

1 2) ®3) 4)
Full sample n#i Full sample n#i
l(xf,n-CNi > 0) l(xf,n-CNi > O) 1Og(xf,n<CNi) log(xf,n.CNi)
1(n =1) 0.124*** 1.613***
(0.0244) (0.157)
1 (common lang.), . -0.00128** -0.0538***
(0.000509) (0.00535)
1 (contiguity) . -0.000465 0.125
(0.000593) (0.0857)
1 (contiguity) . 0.00540* -0.0331
(0.00234) (0.0935)
1 (legal), . 0.00130 0.0718
(0.000850) (0.0548)
Fixed effects fn fn fn fn
Cluster i-n i-n i-n i-n
Observations 3889704 3889704 25428 25428

Standard errors in parentheses
*p < 0.10,** p < 0.05, *** p < 0.01

Description: The table shows conditional on exporting, the association between a for-
eign affiliate’s exports from a sourcing origin, with whether or not the origin is the for-
eign affiliate’s headquarters, and if not, the distance between the exporting destination
and the headquarters. Column (1) and (3) compare exporting to headquarters with non-
headquarters. Column (2) and (4) study the sample of sourcing from non-headquarters.
Dependent variables are dummy variables for Column (1) and (2) and exporting values
(log) for Column (3) and (4), denoting a foreign affiliate headquartered in ¢ operating in
China, exporting to destination n. The independent variables include whether the export-
ing destination is the headquarters, and if not, the distance between the exporting destina-
tion and the headquarters (in log). Whether the headquarters shares a common language,
common border, and legal origin with the exporting destination are added as controls. The
firm and destination fixed effects are also controlled. Standard errors are clustered on the
headquarter-origin level. Following Wang (2019), I exclude the state-owned firms, pro-
cessing traders and firms in the exporting zones. I exclude firms headquartered in Hong
Kong, Macao, Taiwan and China (mainland).

Table A.9 shows that, conditional on exporting, foreign affiliates on average are 12
percentage points more likely to export to their headquarters (Column 1) and export 161%
more to headquarters than non-headquarters (Column 3). Column 2 and 4 show that, one
percent increase in the distance between the headquarter and the exporting destination
is associated with 0.1 percentage points decline in the probability of exporting and 0.1%

decline in exporting values.
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A.5 Properties of the Estimated Parameters and Shocks

Table A.10: Gravity of MNE Sourcing and Selling Efficiencies

(1) @) 3) ) () () @) ®)
VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing All Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing All
1(i=j) 0.918*** 0.737*** 0.758*** 0.804*** 0.348*** 0.428*** 0.391*** 0.389***
(0.0159) (0.0169) (0.0176) (0.0117) (0.0220) (0.0215) (0.0258) (0.0151)
log (dist) -0.146*** -0.188*** -0.100*** -0.144*** -0.0190*** -0.0374*** -0.00906 -0.0218***
(0.00362) (0.00383) (0.00399) (0.00265) (0.00500) (0.00488) (0.00586) (0.00342)
1 (legal) 0.0325*+* 0.0496*** 0.0291** 0.0371** 0.00654 -0.000117 -0.00156 0.00162
(0.00416) (0.00440) (0.00459) (0.00305) (0.00575) (0.00561) (0.00673) (0.00393)
1 (contiguity) 0.0657*** 0.129*** 0.175** 0.123*** 0.0365** 0.160*** 0.116%** 0.104***
(0.0103) (0.0109) (0.0114) (0.00756) (0.0143) (0.0139) (0.0167) (0.00974)
1 (common lang.) 0.0546*** 0.0491*** 0.0694*** 0.0577*** -0.0348** 0.0192* -0.00840 -0.00802
(0.00780) (0.00826) (0.00860) (0.00572) (0.0108) (0.0105) (0.0126) (0.00737)
1 (trade agree.) -0.00744 0.0428** 0.0392** 0.0249** -0.00162 0.0143* 0.0450*** 0.0192***
(0.00628) (0.00665) (0.00693) (0.00461) (0.00868) (0.00847) (0.0102) (0.00594)
Observations 43,200 43,200 43,200 129,600 43,200 43,200 43,200 129,600
FE njt njt njt njt njt njt njt njt
Mean Dep. Var -1.159 -1.031 -0.894 -1.028 -0.378 -0.477 -0.379 -0.411
Mean Log Dist. 8.456 8.456 8.456 8.456 8.456 8.456 8.456 8.456
R? 0.582 0.614 0.477 0.386 0.446 0.384 0.298 0.210

Standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1

Description: This table presents the correlations between the MNE sourcing and selling efficiencies backed out in Section 4.1 and gravity variables: if the MNE is sourcing from and selling to their headquarters, the distance between
the headquarters and sourcing origin/selling destination, as well as whether the headquarters share the same legal origin, common border, common language, and trade agreements with the trade partner. Robust standard errors
in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A.11: Gravity of MNE Relative Productivity

0] 7) ® @
VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing All
1(i=7) 3.860*** 17.38*** 4.606*** 8.617***
(0.0843) (0.324) (0.127) (0.145)
log (dist) -0.917*** -3.739*** -2.134%** -2.263***
(0.0192) (0.0737) (0.0288) (0.0330)
1 (legal) 0.228*** 1.500%** 0.556*** 0.761***
(0.0220) (0.0847) (0.0331) (0.0379)
1 (contiguity) 1.473*** 7.034*** 2.224%** 3.577***
(0.0546) (0.210) (0.0821) (0.0939)
1 (common lang.) 0.647%** 1.301*** 0.739*** 0.896***
(0.0413) (0.159) (0.0621) (0.0711)
1 (trade agree.) -0.326%** -1.215%** -0.558*** -0.700***
(0.0332) (0.128) (0.0500) (0.0572)
Observations 43,200 43,200 43,200 129,600
FE njt njt njt njts
Mean Dep. Var -9.212 -37.82 -14.83 -20.62
Mean Log Dist. 8.456 8.456 8.456 8.456
R? 0.577 0.632 0.666 0.855

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Description: This table presents the correlations between the productivity of an MNE relative to domestic firms in the same
host country backed out in Section 4.3 and gravity variables: whether the MNE is operating in their headquarters, the distance
between the headquarters and the host country, as well as whether the headquarters share the same legal origin, common
border, common language, and trade agreements with the host country. Robust standard errors in parentheses. *** p<0.01, **
p<0.05,* p<0.1.
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Table A.12: Estimated MNE and Trade Elasticities

@) 7) €) @ 6) ©
VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing  Durable Manufacturing ~ Non-durable Manufacturing  Non-manufacturing
Tariff Instruments with Direct Shares Tariff Instruments with Total Shares
log (Ci;,) 2.737** 4.278*+ 2.559*** 9.005*+* 9.293** 2.389***
(1.184) (1.474) 0.472) (1.081) (4412 (0.447)
log (!fw) -3.697*** -1.849%* -1.898*** -4.069*** -1.099 -2.040%**
(0.560) (0.502) (0.646) (1.106) (0.974) (0.627)
log (dist,;¢) -1.055%* -0.986*** -1.299+* -1.153*** -0.961* -1.298***
(0.0211) (0.0130) (0.0129) (0.0265) (0.0280) (0.0126)
1 (legalwvl) 0.166* 0.143* 0.0613*** 0.284* 0.1547* 0.0610%***
(0.0253) (0.0126) (0.0138) (0.0312) (0.0217) (0.0136)
1 (common lang,mv,) 0.312%* 0.261%** 0.0817*** 0.184*** 0.224%#* 0.0823***
(0.0330) (0.0255) (0.0260) (0.0498) (0.0488) (0.0256)
1 (cont‘iguityw» 0.130%** 0.288*** 0.657*** -0.0368 0.305*** 0.649***
(0.0438) (0.0316) (0.0412) (0.0669) (0.0518) (0.0402)
1 (t‘rade agreenl.t) 0.330%** 0.316*** 0.315*** 0.355*** 0.348*** 0.317+**
(0.0200) (0.0222) (0.0226) (0.0389) (0.0426) (0.0222)
Observations 42,480 42,480 42,480 42,480 42,480 42,480
FE nt, j nt, j nt, j nt, j nt,j nt, j
Mean Dep. Var -5.296 -5.602 -6.974 -5.296 -5.602 -6.974
Mean Indep. Var 0.328 0.246 0.180 0.328 0.246 0.180
First Stage F 18.83 21.30 144.9 89.07 6.019 157.1
Implied ¢* 4.697 2.849 2.898 5.069 2.099 3.040
Implied ¢* 2.350 1432 1.742 1.452 1.118 1.854

Standard errors in parentheses
*** p<0.01, * p<0.05, * p<0.1

Description: This table presents the estimated elasticities of substitution across different sourcing origin countries (trade elasticities) and elasticities of substitution across MNEs within each origin country
(MNE elasticities). Elasticities are estimated for the durable manufacturing sector, non-durable manufacturing sector, and non-manufacturing sector. Regressors and instruments are constructed according to
Section 4.2. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A.13: Estimated Average MNE and Trade Elasticities

1) ) 3) 4)
VARIABLES Tariffs Instrumented with Direct Shares  Tariffs Instrumented with Total Shares

log (Cs;,) 1.490*+* 17100 5.349+%* 5.688***
(0.467) (0.499) (0.645) (0.636)

log (£3,,) 2,425+ 22,7104+ -1.821% -1.283+
(0.247) (0.312) (0.365) (0.443)

Durable Manuf. -1.041% -1.040+* -1.098*** -1.104+*

(0.0119) (0.0126) (0.0173) (0.0176)

Tog (dlist, ;) # Non-durable Manuf. ~ -0.999*** -0.998*+* -0.979*** -0.979%*

it (0.0100) (0.00997) (0.0148) (0.0147)

Non-manuf. -1.290*** -1.290*** -1.321%%* -1.329***

(0.0104) (0.0108) (0.0153) (0.0157)

Durable Manuf. 0.142* 0.146™** 0.215%* 0.221%*

(0.0144) (0.0146) (0.0208) (0.0205)

1 (legal ) # Non-durable Manuf.  0.137*** 0.138*** 0.146*** 0.146***

nit (0.0114) (0.0113) (0.0169) (0.0167)

Non-manuf. 0.0596*** 0.0600*** 0.0658*** 0.0660***

(0.0113) (0.0112) (0.0168) (0.0167)

Durable Manuf. 0.339%* 0.334%** 0.261%** 0.254***

(0.0233) (0.0234) (0.0342) (0.0339)

1 (commor\ lang ) ¥ Non-durable Manuf. ~ 0.281*** 0.279%** 0.253*** 0.250%**

it (0.0216) (0.0215) (0.0320) (0.0318)

Non-manuf. 0.0855*** 0.0851*** 0.0728** 0.0711**

(0.0214) (0.0212) (0.0317) (0.0315)
Durable Manuf. 0.162+** 0.158*** 0.0626 0.0537

(0.0313) (0.0315) (0.0459) (0.0457)

1 (contiguity ) # Non-durable Manuf. ~ 0.279*** 0.279*** 0.293** 0.293**

nit (0.0289) (0.0286) (0.0428) (0.0426)

Non-manuf. 0.607%** 0.618%** 0.785%** 0.798***

(0.0359) (0.0364) (0.0520) (0.0513)

Durable Manuf. 0.328*** 0.336%** 0.364*** 0.370%**

(0.0179) (0.0181) (0.0264) (0.0267)

1 (trade agree ) # Non-durable Manuf. ~ 0.297*** 0.293*** 0.326%** 0.331***

BICC 0t (0.0179) (0.0184) (0.0264) (0.0271)

Non-manuf. 0.328** 0.323*** 0.274%* 0.261***

(0.0185) (0.0193) (0.0272) (0.0280)

Observations 127,440 127,440 127,440 127,440
FE ns, js, st nst, js ns, js, st nst, js
Mean Dep. Var -5.968 -5.968 -5.968 -5.968
Mean Indep. Var 0.249 0.249 0.249 0.249
First Stage F 76.53 74.03 91.18 103.1
Implied o* 3.425 3.710 2.821 2.283
Implied ¢* 2.628 2.585 1.340 1.226

Standard errors in parentheses
*** p<0.01, ™ p<0.05, * p<0.1

Description: This table presents the estimated elasticities of substitution across different sourcing origin countries (trade elasticities) and elasticities
of substitution across MNEs within each origin country (MNE elasticities). Elasticities are estimated for a pool of all sectors. I allow the impact
of other gravity variables to vary across sectors. Each column contains a different combination of fixed effects. Regressors and instruments are
constructed according to Section 4.2. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Figure A .4: Distributions of Shocks
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Description: This figure displays the sector-level distributions of the shocks that are backed out with model inversion in Section 4.

Table A.14: Correlations of the MNE Productivity Shock with Domestic Productivity Shocks in the Headquarters and Host Country

(1) @] [©) (4) 5) (6)
VARIABLES Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing  Durable Manufacturing  Non-durable Manufacturing  Non-manufacturing
HQ Fixed Effect, Host Country Fixed Effect OLS

/-ifl 0.202* 0.00751*** 0.201°* 0.196*** 0.00751*** 0.2017*

(0.0122) (0.00230) (0.0134) (0.0120) (0.00230) (0.0134)
4]’] 0.457°* 0.879*** 0.569*** 0.462%+* 0.879*** 0.569**

(0.0122) (0.00230) (0.0134) (0.0120) (0.00230) (0.0134)
Observations 39,600 39,600 39,600 39,600 39,600 39,600
FE 1i 1 i 1 i NA NA NA
Mean Dep. Var 0.00561 0.00297 0.00783 0.00561 0.00297 0.00783
Mean HQ Prod. Chg -0.00159 0.00275 0.00829 -0.00159 0.00275 0.00829
Mean Host Prod. Chg -0.00159 0.00275 0.00829 -0.00159 0.00275 0.00829

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Description: This table shows, by sector, the correlations between the MNE productivity shock and domestic productivity shocks in the headquarters and host country. Robust standard errors in parentheses.

***p<0.01, ** p<0.05, * p<0.1.

A.6 Construct Upstream and Downstream Tariffs

I show how I compute the upstream and downstream tariffs that I use as instruments (for

domestic firms’ shares in exports) in Section 4.2. Consider country n. t;; = 1 + 7, where
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Figure A.5: Correlations between Headquarters/Host Country Domestic Productivity
Shocks and MNE Productivity Shocks
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Description: These figures plot, by sector, the correlations between the domestic productivity shocks in headquarters or host country
with headquarters-host country-bilateral MNE productivity shocks. These are bin scatter plots: each point represents the average of a

bin and there are 20 bins with equal sizes.

7,; denotes the tariff country n imposes on sector s products from j. Following Acemoglu
et al. (2016) and Acemoglu et al. (2016), I define sector direct input coefficient matrix A,
of which s — s’ element, a*', equals the following:

/
,  Sales;™*

Sales’

SS
an

/ . .
Hence, a;® measures the expenditure share sector s spends on sector s’ in country n. The
total input coefficient matrix, A" is the Leontif inverse of A,,:

Al = (T = A,)7Y

of which the element a***** measures total (direct + indirect) expenditure share sector s
spends on sector s’ in country n.

ss’ 4’
s,directup Zs’;«és n tnj

t
nj ss!
Zs/;és ay,
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I construct the direct upstream tariff of country n sector s as follows:



I construct the total upstream tariff of country n sector s as follows:

ss’ totys’
s,total up Zs’;ﬁs Ay, tnj
tnj - ss’ tot
Zs’;ﬁs n

Now consider downstream tariffs. I define sector direct output coefficient matrix B,, of

which s’ — s element, bfl/ ¢, equals the following:

s—s’

Sales,
Sales;

s's
b)° =

Hence, b?* measures direct output share sector s sells to sector s’ in country n. The total

output coefficient matrix, B is the Leontif inverse of B,:
B = (I -B,)™,

of which the element b7 *'*t measures total (direct + indirect) output share sector s sells to

sector s’ in country n.

Construct the direct downstream tariff of country n sector s as follows:

s'sqs’
ts,direct down Zs’#s bn tnj
" YN
s'#sn

The total downstream tariff of country n sector s:

s's totys’
ts,total down __ Zs/;ﬁs bn tnj

nj s’ s,tot
D gzs Un

A.7 Simulations

Table A.15: Impact of Shocks on Changes in Global Trade and MP, Model without MNEs

2008-2009 2009-2010 2014-2016
Trade  Trade (Percent) Trade  Trade (Percent) Trade  Trade (Percent)
Shocks O 2 ©) 4) ®) (6)
Domestic Productivity Shocks  -1.13% 28.31% —0.00% -0.22% —0.62% 24.74%
Final Demand Shocks -1.96% 49.31% 0.28% 12.18% —0.24% 9.42%
All Shocks -4.02% 100.00% 2.28% 100.00% -2.53% 100.00%

Description: This table presents the impact of different kinds of shocks on how global trade and MP changed relative to global
GDP in different periods in a model that does not have MP (see Section B.5).
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Figure A.6: Impact of Shocks on Global Trade Collapse, Model without MNEs
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Description: This figure plots the impact of different kinds of shocks on the global trade collapse during the Great Recession (2008-
2009, shadowed years) in a model that does not have MP (see Section B.5). Dashed line segments indicate the impact of individual
shock groups. Line segments after 2009 indicate counterfactual outcomes that started with counterfactual market shares (as a result
of individual shock groups) and were influenced by actual shocks.

Table A.16: Impact of Different MNE-specific Shocks on Global Trade and MP Collapse

Shocks Trade Collapse  Trade Collapse (Percent) MP Collapse =~ MP Collapse (Percent)
@ @) ®) @)
Sourcing Shocks -0.54% 13.37% 0.18% —-9.43%
Selling Shocks 0.09% —-2.26% 0.57% -29.07%
Relative Productivity Shocks -1.19% 29.61% -0.35% 18.10%
MNE Demand Shocks -0.97% 24.11% 0.01% -0.71%
MNE-specific Shocks -0.39% 9.67% -0.53% 27.32%
All Shocks —4.02% 100.00% -1.96% 100.00%

Description:This table presents the impact of different kinds of MNE-specific shocks on the global trade and MP collapse during
the Great Recession. The global trade collapse is measured with the change in world trade to world GDP ratio. The global MP
collapse is measured with the change in world MP (sales by MNE foreign affiliates) to world GDP ratio.

Table A.17: Impact of Shocks on Global Trade Collapse and Global MP Collapse, Model without MNE Sourcing and
Selling Frictions

Shocks Trade Collapse  Trade Collapse (Percent) MP Collapse  MP Collapse (Percent)
) 2 ©) (4)
MNE-specific Shocks 0.07% -5.99% -0.92% 45.83%
Domestic Productivity Shocks -1.01% 85.00% —0.70% 34.59%
Final Demand Shocks —0.42% 35.49% —0.31% 15.31%
Supply Shocks -0.27% 22.88% -1.52% 75.45%
Demand Shocks -0.39% 32.87% -0.26% 12.70%
All Shocks -1.19% 100.00% —2.01% 100.00%

Description: This table presents the impact of different kinds of MNE-specific shocks on the global trade and MP collapse during
the Great Recession in a model that does not have MNE sourcing and selling frictions. The global trade collapse is measured with
the change in world trade to world GDP ratio. The global MP collapse is measured with the change in world MP (sales by MNE
foreign affiliates) to world GDP ratio.
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Figure A.7: Impact of Different MNE-specific Shocks on Global Trade and MP Collapse
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Description: These figures plot the impact of different kinds of MNE-specific shocks on the global trade and MP collapse during the
Great Recession (2008-2009, shadowed years). Dashed line segments indicate the impact of individual shock groups. Line segments
after 2009 indicate counterfactual outcomes that started with counterfactual market shares (as a result of individual shock groups) and

were influenced by actual shocks.

Figure A.8: Impact of Shocks on Global Trade Collapse, Model without MNE Sourcing

and Selling Frictions
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Description: This figure plots the impact of different kinds of shocks on the global trade collapse during the Great Recession (2008-
2009, shadowed years) in a model that does not have MNE sourcing and selling frictions. Dashed line segments indicate the impact
of individual shock groups. Line segments after 2009 indicate counterfactual outcomes that started with counterfactual market shares
(as a result of individual shock groups) and were influenced by actual shocks.
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Table A.18: Impact of Different MNE-specific Shocks on Cross-country
Variations in Trade collapse, MP collapse, and Welfare

Shocks Trade Collapse  MP Collapse =~ Welfare
(1) ) 3)
Sourcing Shocks 14.90% 1.07% —0.72%
Selling Shocks 13.51% 9.35% -2.38%
Relative Productivity Shocks -5.18% 49.88% 11.07%
MNE Demand Shocks 1.77% 0.57% 1.86%
All MNE-specific Shocks 24.90% 64.10% 11.72%

Description: This table presents the impact of different MNE-specific shocks on the
cross-country variation in the collapse of trade, MP, and welfare changes during the
Great Recession. Country-level trade collapse is measured with the change in the
average of its imports and exports relative to its GDP. Country-level MP collapse is
measured with the change in the average of its inward MP (sales made by foreign
affiliates hosted by this country) and its outward MP (sales made by the country’s
affiliates hosted by other countries) relative to its GDP. The share of cross-country
variation explained by a group of shocks is calculated with Equation (26).

Table A.19: Impact of Shocks on Cross-country Variations in Changes in Trade and Welfare,

Model without MNEs
2008-2009 2009-2010 2014-2016
Trade  Welfare  Trade  Welfare  Trade = Welfare
Shocks 1) ) 3) 4) ®) (6)
Domestic Productivity Shocks  25.55%  54.68%  11.52%  85.21% 13.78%  70.59%
Final Demand Shocks -720%  26.42% 5.51% 12.67%  11.89%  13.30%

Description: This table presents impact of different kinds of shocks on the cross-country variation in
changes in trade relative to GDP, changes in MP relative to GDP, and welfare changes. The country-level
change in trade relative to GDP is measured with the change in the average of its imports and exports
relative to its GDP. The country-level change in MP relative to GDP is measured with the change in the
average of its inward MP (sales made by foreign affiliates hosted by this country) and its outward MP
(sales made by the country’s affiliates hosted by other countries) relative to its GDP. The share of cross-
country variation explained by a group of shocks is calculated with Equation (26).
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Table A.20: Impact of Different Shocks on Cross-country Variations in
Trade collapse, MP collapse, and Welfare, Model without MNE Sourcing
and Selling Frictions

Shocks Trade Collapse  MP Collapse =~ Welfare
1) (2) €))
MNE-specific Shocks -0.45% 71.71% 8.47%
Domestic Productivity Shocks 34.51% 19.85% 57.48%
Final Demand Shocks 2.25% 0.09% 20.12%
Supply Shocks 29.71% 89.94% 57.66%
Demand Shocks 7.48% 7.92% 25.47%

Description: This table presents the impact of different kinds of shocks on the
cross-country variation in the collapse of trade, MP, and welfare changes during
the Great Recession in a model that does not have MNE sourcing and selling fric-
tions. Country-level trade collapse is measured with the change in the average of
its imports and exports relative to its GDP. Country-level MP collapse is measured
with the change in the average of its inward MP (sales made by foreign affiliates
hosted by this country) and its outward MP (sales made by the country’s affiliates
hosted by other countries) relative to its GDP. The share of cross-country variation
explained by a group of shocks is calculated with Equation (26).

Figure A.9: Impact of MNE-specific Shocks on Cross-country Variations in Trade col-
lapse, Model without MNE Sourcing and Selling Frictions

Counterfactual
1

-3 2 -1 0 K
Factual

Description: This figure plots the impact of MNE-specific shocks on the cross-country variation in the collapse of trade. Country-level
trade collapse is measured with the change in the average of its imports and exports relative to its GDP. The share of cross-country

variation explained by a group of shocks is calculated with Equation (26). The green dashed line indicates the fitted regression line.
The red line indicates the 45-degree line.
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Table A.21: Impact of Shocks on Global Trade and MP Recovery, 2009-2010

Shocks Trade Trade (Percent) MP MP (Percent)
1 2) 3) (4)
MNE-specific Shocks 4.03% 177.01% 1.79% 369.86%
Domestic Productivity Shocks  0.01% 0.47% -0.24% —49.54%
Final Demand Shocks 0.24% 10.38% 0.15% 31.26%
Supply Shocks 2.89% 126.85% 0.83% 170.55%
Demand Shocks 0.24% 10.65% 0.16% 32.02%
All Shocks 2.28% 100.00% 0.49% 100.00%

Description: This table presents the impact of different kinds of shocks on how global trade
and MP changed relative to global GDP from 2009 to 2010.

Figure A.10: Importance of Shocks for Global Trade and MP Recovery, 2009-2010

(a) Trade Collapse (b) MP Collapse
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Description: These figures plot the impact of different kinds of shocks on the global trade and MP collapse recovery during 2009-2010.
Dashed line segments indicate the impact of individual shock groups. Line segments after 2010 indicate counterfactual outcomes that
started with counterfactual market shares (as a result of individual shock groups) and were influenced by actual shocks.

Table A.22: Impact of Shocks on Global Trade and MP Decline, 2013-2016

Shocks Trade  Trade (Percent) MP MP (Percent)
1) 2) ®) (4)

MNE-specific Shocks -0.21% 8.14% -1.50% 82.23%
Domestic Productivity Shocks  —0.52% 20.63% -0.24% 12.92%
Final Demand Shocks —0.13% 5.03% —0.12% 6.45%
Supply Shocks —2.07% 81.87% -1.65% 90.22%
Demand Shocks —0.07% 2.58% —0.14% 7.72%
All Shocks —2.53% 100.00% -1.83% 100.00%

Description: This table presents the impact of different kinds of shocks on how global trade
and MP changed relative to global GDP from 2013 to 2016.
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Figure A.11: Importance of Shocks for Global Trade and MP Decline, 2013-2016
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Description: These figures plot the impact of different kinds of shocks on the global trade and MP collapse decline during 2013-2016.
Dashed line segments indicate the impact of individual shock groups.

Table A.23: Impact of Shocks on Cross-country Variations in Changes in
Trade, MP, and Welfare, 2009-2010

Shocks Trade Collapse ~ MP Collapse ~ Welfare
(1) 2) )
MNE-specific Shocks 24.90% 64.10% -12.94%
Domestic Productivity Shocks 28.72% 28.74% 99.33%
Final Demand Shocks 1.70% 0.63% 6.01%
Supply Shocks 24.46% 78.00% 89.31%
Demand Shocks 7.06% 9.91% 2.58%

Description: This table presents the impact of different kinds of shocks on the cross-
country variation in trade, MP, and welfare changes during the trade and MP recov-
ery from 2009 to 2010. Country-level trade collapse is measured with the change in
the average of its imports and exports relative to its GDP. Country-level MP collapse
is measured with the change in the average of its inward MP (sales made by foreign
affiliates hosted by this country) and its outward MP (sales made by the country’s
affiliates hosted by other countries) relative to its GDP. The share of cross-country
variation explained by a group of shocks is calculated with Equation (26).
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Table A.24: Impact of Shocks on Cross-country Variations in Changes in
Trade, MP, and Welfare, 2014-2016

Shocks Trade Collapse  MP Collapse =~ Welfare
@ (2) ©)
MNE-specific Shocks 32.17% 79.52% 10.16%
Domestic Productivity Shocks 14.76% 5.80% 58.27%
Final Demand Shocks 8.75% 0.53% 23.05%
Supply Shocks 11.54% 94.08% 49.84%
Demand Shocks 9.28% -1.21% 21.93%

Description: This table presents the impact of different kinds of shocks on the cross-
country variation in the collapse of trade, MP, and welfare changes during the trade
and MP declines from 2013 to 2016. Country-level trade collapse is measured with
the change in the average of its imports and exports relative to its GDP. Country-
level MP collapse is measured with the change in the average of its inward MP (sales
made by foreign affiliates hosted by this country) and its outward MP (sales made
by the country’s affiliates hosted by other countries) relative to its GDP. The share of
cross-country variation explained by a group of shocks is calculated with Equation
(26).

Table A.25: Propagation of Domestic Productivity Shocks through MP Headquarters and
Host Countries: Global Trade Collapse and MP Collapse

Shocks Trade  Trade (Percent) MP MP (Percent)
(1) (2) €) (4)
Propagation through Headquarters -1.53% 38.07% -0.76% 39.00%
Propagation through Host Countries  —0.01% 0.13% -0.22% 11.27%
Domestic Productivity Shocks -1.09% 27.11% —0.64% 32.65%
All Shocks —4.02% 100.00% -1.96% 100.00%

Description: This table presents the impact of domestic productivity shocks, these shocks propagated
through MP headquarters, and these shocks propagated through MP host country linkages on the
global trade and MP collapse during the Great Recession. The global trade collapse is measured with
the change in world trade to world GDP ratio. The global MP collapse is measured with the change in
world MP (sales by MNE foreign affiliates) to world GDP ratio.
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Figure A.12: Propagation of Domestic Productivity Shocks through MP Headquarters
and Host Countries: Cross-country Variations in Trade Collapse, MP Collapse, and

Welfare
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Description: These figures plot the impact of domestic productivity shocks, these shocks propagated through MP headquarters, and
these shocks propagated through MP host country linkages, on the cross-country variation in the collapse of trade, MP, and welfare
changes during the Great Recession. Country-level trade collapse is measured with the change in the average of its imports and
exports relative to its GDP. Country-level MP collapse is measured with the change in the average of its inward MP (sales made by
foreign affiliates hosted by this country) and its outward MP (sales made by the country’s affiliates hosted by other countries) relative
to its GDP. The share of cross-country variation explained by a group of shocks is calculated with Equation (26). The green dashed
line indicates the fitted line of regressing the impact of propagated domestic productivity shocks on actual changes. The cranberry
dashed line indicates the fitted line of regressing the impact of domestic productivity shocks on actual changes. Shocks that have
higher explanatory power correspond to a steeper fitted line. The red line indicates the 45-degree line.

Table A.26: Propagation of Domestic Productivity Shocks through MP Headquar-
ters and Host Countries: Cross-country Variations in Changes in Trade, MP, and

Welfare, 2009-2010

Shocks Trade Collapse ~ MP Collapse ~ Welfare
(1) (2) (3)
Propagation through Headquarters 14.22% 26.24% 149.77%
Propagation through Host Countries 15.69% 18.61% 84.19%
Domestic Productivity Shocks 11.83% 20.16% 97.18%

Description: This table presents the impact of domestic productivity shocks, these shocks
propagated through MP headquarters, and these shocks propagated through MP host coun-
try linkages, on the cross-country variation in the collapse of trade, MP, and welfare changes
during 2009-2010. Country-level trade collapse is measured with the change in the average
of its imports and exports relative to its GDP. Country-level MP collapse is measured with
the change in the average of its inward MP (sales made by foreign affiliates hosted by this
country) and its outward MP (sales made by the country’s affiliates hosted by other coun-
tries) relative to its GDP. The share of cross-country variation explained by a group of shocks
is calculated with Equation (26).
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Figure A.13: Propagation of Domestic Productivity Shocks in Top Headquarters and

Host Countries: Cross-country Variations in Trade Collapse, MP Collapse, and Welfare
across Other Countries
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Description: These figures plot the impact of the MNE-specific shocks in the top 10 headquarters and in the top 10 host countries, as
well as domestic productivity shocks in the top 10 exporters and final demand shocks in the top 10 importers, on the cross-country
variation in the collapse of trade, MP, and welfare changes during the Great Recession. Country-level trade collapse is measured with
the change in the average of its imports and exports relative to its GDP. Country-level MP collapse is measured with the change in the
average of its inward MP (sales made by foreign affiliates hosted by this country) and its outward MP (sales made by the country’s
affiliates hosted by other countries) relative to its GDP. The share of cross-country variation explained by a group of shocks is calculated
with Equation (26). The green dashed line indicates the fitted line of regressing the impact of propagated domestic productivity shocks
on actual changes. The cranberry dashed line indicates the fitt¢@3ine of regressing the impact of domestic productivity shocks on

actual changes. Shocks that have higher explanatory power correspond to a steeper fitted line. The red line indicates the 45-degree
line.



Table A.27: Propagation of Domestic Productivity Shocks through MP Headquar-
ters and Host Countries: Cross-country Variations in Changes in Trade, MP, and
Welfare, 2014-2016

Shocks Trade Collapse MP Collapse ~ Welfare
1) ) )
Propagation through Headquarters 18.09% 2.33% 118.47%
Propagation through Host Countries 13.12% 16.79% 125.07%
Domestic Productivity Shocks 14.76% 1.78% 69.04%

Description: This table presents the impact of domestic productivity shocks, these shocks
propagated through MP headquarters, and these shocks propagated through MP host coun-
try linkages, on the cross-country variation in the collapse of trade, MP, and welfare changes
during 2013-2016. Country-level trade collapse is measured with the change in the average
of its imports and exports relative to its GDP. Country-level MP collapse is measured with
the change in the average of its inward MP (sales made by foreign affiliates hosted by this
country) and its outward MP (sales made by the country’s affiliates hosted by other coun-
tries) relative to its GDP. The share of cross-country variation explained by a group of shocks
is calculated with Equation (26).
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Figure A.14: Propagation of Domestic Productivity Shocks in Top Headquarters and

Host Countries: Cross-country Variations in Trade Collapse, MP Collapse, and Welfare
across Other Countries

(a) Shocks in Top 10 Headquarters
Propagation through Headquarters

MP Collapse
2
8 osr
OHUN  OLVA
o8l
oAUT oo OSUROL 0BGR OTHA orul
S8
o coel OOWROPRT oLUX———
oo O%SEn | otRe &
cBEP'DN — - = —OSUK oML
o __ oDk S 0,
Rl I omomoa‘”w&%& - oswe
H acin ocoL
g
g g
3
3y ocn
3]
os
2 -1 1 2
Factual

(d) Shocks in Top 10 Host Countries
Propagation through Host Countries

MP Collapse
g
2
otKe
g o
oxor
T OPHL
ER 8108
£
5 oauT REY _BE, QUM oA
S M) _ — -
P A %@ o B REGR™ OMSROD B1u)
8 “oekt B
o GINDOPRTONEX, oswE
oce orow oLux
o ) ©OIRL
g
‘ os
orst
34
2 1 0 1 2
Factual

(g) Shocks in Top 10 Headquarters
No Propagation Through MP

MP Collapse
o
ocyp ot opHL oSHRT OTHA
_ e EBEEEMQCT&@WN ;@gfoemm%ﬁ@u oo
o oTWN L
< 0sAL  QRNK oAUS ocHL oswE
s e
571
]
s
! olsL
2 .‘1 0 i 2
Factual
(j) Shocks in Top 10 Host Countries
No Propagation Through MP
MP Collapse
oy oms
o
& oK
g onur
z o, o a0
o E%Fm?%% b e e o
8 | oo ook geon® om0 oswe
8 Jocre oRL
! 0SAU
% 4
oist
2 Jt 0 K 2
Factual

Counterfactual

Counterfactual

(b) Shocks in Top 10 Headquarters
Propagation through Headquarters

(c) Shocks in Top 10 Headquarters
Propagation through Headquarters

Trade Collapse Welfare Changes
- oL osRESP
8 oo
osw
omaR”

. . ST oo

=h a ©q OKOR
o - 3 B
E o v - 3 2 Bow
§ | o oAug s g oma omr
£ OCZE __ -~ - t T oLux
5 - OIRL sy | _OEST oLty
3o Joon °”‘lg”%7§% 3
o o8GR _—~ SCRITWN col omLT o -

PN & &P‘“@‘HL - oLva
QGRCoIND OMEX 3 -7
_— ousr osar £
2 |
? oo
g
ockL &1 om
-2 1 1 1 -5 0 5
Factual Factual

(e) Shocks in Top 10 Host Countries
Propagation through Host Countries

(f) Shocks in Top 10 Host Countries
Propagation through Host Countries

Trade Collapse Welfare Changes
1 o ol e P LA —
aLux owr
o AR
- o oser .81
Lol 5o~ OCHL oA’ _QROU SME OIRL £
e e OWWE&WUR ane O <
] 3]
owsnt
s ongg,
8 Feve
omo
e
g ‘ onus
2 1 0 1 1 ! 0 5
Factual Factual
(h) Shocks in Top 10 Headquarters (i) Shocks in Top 10 Headquarters
No Propagation Through MP No Propagation Through MP
Trade Collapse Welfare Changes
g1 oux 8
8
o
o]
s 0ARG T
N OSVN B OIRL
omE oo G p—— £
N oo o g ° £
om o8y mi‘&‘??uﬂ """" oS- -0 IRL o ORUS
| owi S8 oprr
‘ OGRCOIND AgRP oMLt
OCHN ocve = |
o ONOR ;
[ OMEX OESP
% ‘ ; : % % ; : p
Factual Factual
(k) Shocks in Top 10 Host Countries (1) Shocks in Top 10 Host Countries
No Propagation Through MP No Propagation Through MP
Trade Collapse Welfare Changes
oTwn 51
4
orm g
OKOR e
oLux 0SGP
o .
e oAUS HKG Soq —
oon ot o H o o
oo . sz 5 oar oore
- OFIN OCHE 3384
OZAF =~ ————_ RA_ _ 0SAU 82
ol Goe ] i 28 em
e SHE SB gy - oL
OBUART O LogRL ois. 5 |
°¥¥grcono Ll ‘
o | ONGEYP TR OMEX g 4 oLUX oMLT
B K 0 1 K 5 0 5
Factual Factual

Description: These figures illustrate the impact of domestic productivity shocks in the top 10 headquarters countries and their prop-
agation through MP headquarters and host country linkages on cross-country variation in trade, MP, and welfare changes during the
Great Recession. Trade collapse is measured by changes in average imports and exports relative to GDP, while MP collapse is assessed
by changes in inward and outward MP relative to GDP. Cross-country variation shares are calculated using Equation (26). The green
dashed line represents the fitted line for the impact of propagated shocks, while the cranberry dashed line indicates the fitted line for
the impact of direct shocks. A steeper fitted line signifies higher explanatory power.
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B Theories and Derivations

B.1 A Micro-foundation for the Sourcing and Output Shares

In this section I derive a micro-foundation for the solution to the sourcing problem in
Section 3.2. It builds on Eaton and Kortum (2002) and Ramondo and Rodriguez-Clare
(2013). Assume an MNE produces its composite goods by combining a continuum of

measure 1 of homogeneous product lines:

For each product line, it draws a random productivity shock, z; . ., for all upstream host

nmji’/

economies and technologies. Assume that sourcing MNEs make the sourcing decision

independently. Assume 2}, .. is distributed multivariate Frechet, with joint distribution:

nmji

,p-i

N N
F( “nm _eXp Z Z nmjz )1 02)

where p] governs the correlation between technologies, and pj governs the correlation
between production locations. We allow the correlations to differ with respect to sec-
tors. Consider the following special cases. Fix a source technology /. The probability of

drawing technology shock z,,,;; for I equals, by taking z,,,,,;; — oo, Vi # I:

N )
~ N T 1—,% _ .8
F({anjf}j:1) = eXp(_(Z ’Znnl@j;2 )1 p2)‘
j=1
Therefore, the productivity shock draws for all production locations given a technology
is still multivariate Frechet distribution with correlation pj across production locations.
Now fix a source production location J. The probability of drawing technology shock
Znm.i for J is, taking z,,;; — 00, Vj # J:
N e
= 1
F({zumsi}ie) = exp(=(Q_ 2y ) 7):

i=1

The productivity shock draws for all technologies given a production location is still mul-

tivariate Frechet distribution with correlation p] across production locations.
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Denote the price for nm to get a unit of intermediate input from ji:

Hyihi, ikt )

AS S

ji nm]z

First, consider the probability that MNE nm’s composite intermediate input price, P;

nm/

no larger than p:

G* (p)zl—F({ZS — ni “mjnj nj

nm nmji As

H>.hy kD t5 @S} )

'7j
=1- exp(_q)fzmpe)a

where

= (oo it B
A,

]:1 =1

The probability that MINE nm sources from ji can be calculated as follows. First consider

the marginal probability density of 2;,,.; (which is the partial derivative of F(z;, ;) with
respect to z,,,.;:
p3—p1 1-p% ) ~P3
,L,l N __ 0 1=03 N N 6 1—p§
Fji(zpmgi) = 0(znmz) 11 Z(Zimﬂ) e Z Z(zfmmjz) A
i=1 j=1 Li=1
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Therefore,
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Integrating this from 0 to oo gives us the probability nm sources from ji. Note that

[e’e} HS hS kS tS @S HS hS kS tS @S
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To acquire expenditure shares from quantity shares requires information about the con-
ditional distribution of prices conditional on the sourcing decision. The probability that
the price facing nm is no larger than p, and nm optimally sources ji, equal the following:

HS hs kS tS @S HS hS kS S e
ni! “mj’ ng’ “ng’ 74 ni’ “mg’ “nj’ n]’ 44!
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/Z_W (2 Hy by ik it 03 ) 0 i (Znm i e, ks 6, 07, ) o (P)
- A]’Lp A - As

Ji

This implies that, the conditional price distribution is the same as the unconditional price
distribution. Therefore, similar to Eaton and Kortum (2002), the current setting also yields
the result that the quantity shares are the same as the expenditure shares.
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Relabel — 2 = 1 —(*and — 2 = 1 — o°. The expenditure share by nm on ji equals:

ZL(M)PCS)KZS

HS he kS 45 .09 HS he kS 45 .09

R N

Ji
A o\ g
~~
s S9

nmgj- n-ji

H;snhilj kn]tn] 9]1 1—<‘S
(F=ge=)
o=

nmjt —

which is exactly the same as the one in the main text.

B.2 Model in “Hats”

The model in “hats” is characterized by the following equations. The change in sourcing
capability equals the following;:

s
O;; = H BT (B.1)
The change in MNE output share equals the following:

. (As Y Hy,
ngi —s, e
(B¢

)

where the change in the producer price index for producers hosted by country j selling

to n equals the following;:

o T
(P = anji(Ai ) Ho. (B.2)
=1 Ji

The change in MNE sourcing share equals:

hung (PP ks 5 )1
# - ( nj ''nj n]) ’

nmj- (Ps )1 oS
nm

where the change in MNE-specific composite goods price equals:
N

(Po) ™ = wh i i (Rt oty e (B.3)

J=1
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The change in MNE-bilateral specific sourcing share equals the following;:

S :
—o* (2 )¢ Hoy

'ﬁ's o h (Pspkfzgtfm) ;z . Ss
T B (B

The counterfactual MNE sourcing and output shares equal the following: . =

s Ss' =85 G5 aswellas 1 . = 1 &S

nmj- nmj/ n-ji n-ji~n-jis nmji nmji’ nmji*

The change in sectoral final expenditure share equals:

where the change in country n’s consumer price index equals:
s
-2 _ E s as(Ps\1-A
- Snan<Pn)
s=1

The counterfactual sectoral final expenditure share equals the following:

This defines the sectoral final goods price: (P$)'=% = SN _ a2 (P2, )0,

The counterfactual sectoral final expenditure share on MNE-specific composite goods

equals the following:

sl __ .S aSs
nm ~ “nm°nm*

The market clearing conditions for labor and composite intermediate input in the

counterfactual equilibrium equal the following;:

N N X/s /s

ij w;Lj = w; L/ ZVJ Z Z nn;,snmj )

m=1 n=1
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and

/8

Is _ gl o8t s/ nm /s
Xi= L Y ZZ T i

s'=1 m=1 n=1 ”]

where the counterfactual household income equals:
I' = wyLyiy Ly, + R, + D',

in which the counterfactual tariff revenue equal:

/S

S N N
. X/S /s T
- nm nm] t/s .
s=1 ]: m=1

nj

In order to solve the counterfactual equilibrium, we have to know the baseline MNE
MNE output shares, S;

sourcmg shares e n-ji’

. . 5
g sectoral final expenditure shares, s}, and

sectoral final expenditure shares on MNE-specific composite goods, s;,,. On top of that,

we have to know the baseline labor income w; L; and tariffs.

The shocks to the system of equations include: (1) MNE sourcing shocks, ﬁmj, (2) MNE
sellmg shocks, H,;, (3) MNE relative productivity shocks (4) final demand shocks for
MNEs, a2, (5) sectoral final demand shocks, &2, (6) domest1c productivity shocks, As
(7) non-tariff trade cost shocks, k¢ ., (8) tariff shocks, £ .

4 n]l T'Lj 7

as well as (10) trade deficit shocks, D/,.

IASI

J]’
(9) labor endowment shocks, L.,

Once we know all the variables above, the equilibrium is characterized by a set of
prices, {w,}, {Pj}-p }, {pjm}, such that the market clearing conditions hold for the coun-
terfactual equilibrium.

B.3 Back out MNE Relative Productivity

I write a foreign affiliate’s productivity relative to that of domestic firms in the same host

country with its relative price of input divided by its relative price of output:

s

e
AS B @S A
A; @ o7

Aé? }
73
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The denominator, Q—x, can be derived from Equation (15), with knowledge about GO}, T*,

lir +pl

AS .
and S; ;; obtained from the data, (* estimated in Section 4.2, and MNE selling efficiencies

H,; backed out in Section 4.1:

i GO;,
ﬁ - ZN TS ;s H;i ' (B4)

p=1"pj PiiHy,

The numerator, %, equals the following:
77

Qs sops
Z= (), (B.5)

where the relative price of composite intermediate input of foreign affiliates relative to

local producers is computed as follows:

Ps N hs 1
5 (Y k) (B.6)
7 R RS,

k=1

where 77, is data and the MNE sourcing efficiency, hj;, has been backed out in Section

4.1. Combining Equations (22), (B.4), (B.5) and (B.6), I get the MNE relative productivity,
Ui for all sectors and years.

As.7
73

B.4 Back out Domestic Productivity Shocks

I back out the domestic productivity shocks by solving a system of equations involving

the shock itself and prices. We start with the change in sourcing shares of domestic firms:
Is (DSPLs fs \l—a®

_ hy (PR t)

~3 nj "nj‘nj

Tnng- = (]Ss )10
nn

)

in which the change in the producer price index equals:

1—o% os—1

»S —o* ((:)S ')1708 Srsz A s \1—o? H’VSL S\ As \of—
(P = AN Hs] : = (05" 3s ) (A5,)7 (B.7)
nj

njj
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Setting n = j and inverting these two equations, I get:

1 ; ~ o1
5 _ (xS 51 __JJ s
A ( JJJ )U ps (SJ'J]> '
Jj

Furthermore, Equations (B.1), (B.2), and (B.3) show that changes in prices can be ex-
pressed as a function of changes in global shocks and wages. As a consequence, I get
2]IN1IS equations for 2[[ N [[ S unknowns: {fls} and { } By using this system

of equations, I am able to solve AS and PS iteratively.

B.5 The Model without MNEs in “Hats”

In this model, the change in composite intermediate input price of country n’s firms equal

the following:

/\

1—05
§ :ﬂ-nl nl AS )

where the change in the sourcing capability is Cobb-Douglas in the change in wage and

sectoral composite intermediate input prices:
s
OF = ()" [T(H )"
s'=1
Therefore, the change in the expenditure share by country »n on country [ equals:
(kaitn 50
(B

s
nl —

Furthermore, the change in the final expenditure share equals the following:
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The counterfactual sectoral final expenditure share equals the following;:

S48

Sz =515

The market clearing conditions for labor and composite intermediate input in the coun-

terfactual equilibrium equal the following:

. X,

nl

and

N 15’

X/ — /s/+z ls Z);_:/ﬂ-sl/'

n=1 nl

where the counterfactual household income equals:
I' = wyLyiy L, + R, + D',

in which the counterfactual tariff revenue equals:

S N /s /S
E § Xn nl-
t/S ’
=1

s=1

The equilibrium is characterized by a set of prices, {w,} and {Pn}, such that the market

clearing conditions hold for the counterfactual equilibrium.

B.6 The Model without MNE Sourcing and Selling Frictions in “Hats”

The change in sourcing capability equals the following;:

Vi headquarters in the host country j. Note that without heterogeneous MNE sourcing
efficiencies, the composite goods price is not MNE-specific.
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The change in the output shares of i’s MNE in country j:

O yi—¢
. G

Sji = Hemicer
(P#y=e
Without heterogeneous MNE selling frictions, an MNE’s output share in the host econ-
omy’s outward trade flow is the same regardless of the destination.

The change in country j’s producer price index equals the following;:

N AS

PS,P 1-¢° __ Z 1 ¢*

The change in the sourcing shares from country j, by any MNE hosted in n, equals:

(P&Pks ts ) —of

_ Mj nitnj

T,
" (By)

~ 8

Note that without heterogeneous MNE sourcing frictions, these sourcing shares are also
not MNE-specific.

The change in the composite intermediate input price for all MNEs in country n equals:

N
(Bo)1" = 30w (B, B )2

j=1

The sourcing shares by any MNE in n, on an MNE headquartered in %, producing in j,
equal the following:

~s __ ~s Qs
Tnji = 77nj~Sji

The counterfactual MNE sourcing and output shares are constructed as follows: 7, =

SS’ 5565 aswell as ¥, = 78 . 7%

n]/ g gir njt njit’ nji*

The change in sectoral final expenditure share equals:
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where the change in country n’s consumer price index equals:

S
=> span(p

s=1

The counterfactual sectoral final expenditure share equals the following:

The counterfactual sectoral final expenditure share on MNE-specific composite goods

equals the following;:

s/ s as
nm ~— “nm°nm:*

The market clearing conditions for labor and composite input in the counterfactual equi-

librium are the following:

X/s /s

w; Lyw; L Z% Z Z/S‘nﬂ7
nj

and

N

X
s/ !/ s/ n /s
X I S Z Z t/s ”J’
where the counterfactual household income equals:
I' = wyLyioy L, + R, + D',

in which the counterfactual tariff revenue equal:

/S

S N N
_ X/S /s T
- nm nm] t/s .
s=1 ]: m=1

nj

The equilibrium is characterized by a set of prices, {w,}, {}3;”9 },

market clearing conditions hold for the counterfactual equilibrium.
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