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Multinational Production and Global Shock Propagation during the
Great Recession

Haishi Li®

*HKU Business School, University of Hong Kong, Pok Fu Lam, Hong Kong

Abstract

Using a new database on global multinational production (MP), I document that world multi-
national enterprise (MNE) sales declined as sharply as trade during the Great Recession. This
collapse was driven by MNEs from a few key headquarters countries, associated with steeper GDP
declines in MP-intensive countries. MNEs amplified the trade collapse because their overall sales
fell while they maintained higher trade intensity than domestic firms. In a calibrated quantitative
model with flexible vertical and horizontal MNE structures, international trade, and input-output
linkages, I show that supply shocks contributed more to the trade collapse than demand shocks, as
productivity shocks disproportionately affected trade-intensive MNEs. MNE productivity shocks
contributed over half of global GDP decline during the Great Recession. MP linkages significantly
amplified the impact of headquarters-country domestic productivity shocks on global GDP, MP,

and trade.
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1. Introduction

Economists acknowledge the importance of multinational enterprises (MNEs) for global output
and trade, yet their performance during the Great Recession and contribution to the “Great Trade
Collapse” remain poorly understoodﬂ A fundamental question persists: Were MNEs more resilient
than domestic firms? While |Alfaro and Chen (2012), Alviarez et al.| (2017), and Kamal and Kroft
(2021)) concluded that MNE sales declined less than domestic firms, Figure , however, shows
that global MNE sales and trade each plunged by about 10% relative to GDPE| Two further
questions remain: How did multinational production (MP) contribute to the trade collapse? Did
MNEs propagate shocks from their headquarters countries (typically advanced economies severely
affected by the Great Recession) to other countries and amplify the global GDP decline?

Figure 1: Global MP and Trade Collapse During the Great Recession

1
!

.95

Log Change Relative to GDP

2005 2010 2015
Year

MNE Foreign Affiliate Sales ———-—- Trade

Notes: The figure illustrates how global foreign affiliate sales and international trade both declined relative to world GDP during the
Great Recession (2008-2009). The data is normalized to 2008 levels, so the figure reflects changes in multinational production (MP)
sales and trade relative to GDP compared to 2008. The data source is OECD Analytical Activities of Multinationals (OECD AAMNE)
Database.

I start with addressing the “Multinationals’ Resilience Puzzle,” which questions why global MP

declined more than GDP, despite prior studies finding MNE resilience compared to domestic firms.

1Specifically, [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 1.4% (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.
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With a new decomposition formula, I find that while MP performance was particularly negative
in a few large economies, with GDP falling more in countries intensive in MP, MP declined less
than GDP for an average country or country-sector. Previous studies only discovered this average
resilience. Such cross-country heterogeneity explains the global MP decline, despite MNE resilience
in an average country, and contrasts the widespread trade collapse observed in almost all countries.

MP amplified the trade collapse because their global sales declined and MNEs are more trade
intensive than domestic firms, even though their trade intensity did not decline relative to domestic
firms. Using a difference-in-differences approach, 1 find that MNE trade declined more than
domestic firm’s trade during the Great Recession. However, once controlling for overall MNE sales
growth, MNE trade declined less than domestic firms’ trade. This shows that MNEs contributed
to the trade collapse through their overall sales decline and high trade intensity, not a declining
MNE trade-to-sales ratio relative to domestic firms.

Productivity shock propagation through MNEs across countries rationalizes these empirical
patterns. During the Great Recession, adverse productivity shocks originating in key headquarters
countries spread through MNEs, decreasing MP in large headquarters and host countries and
reducing GDP there due to MP’s sharp decline. As MNEs are more trade-intensive, they also
contributed to the trade collapse without a decline in trade intensity.

To formalize and quantify these effects, I develop a model of MP and global value chains.
Households consume sectoral composite goods produced by domestic firms and MNEs, and derive
utility from consumption and leisure, causing labor supply to slope upward. To produce tradable
output, firms use labor and composite goods from all sectors. These composite goods are sourced
from different countries and firms of different ownership within each country.

The key model feature is MNEs’ heterogeneous efficiencies in sourcing inputs and selling out-
puts across different countries. These sourcing and selling efficiencies are headquarters-trade
partner-bilateral, multiplying with standard bilateral international trade costs between exporter
and importer host countries. They determine MNE’s vertical /horizontal-ness and explain two
empirical facts: (1) MNEs’ higher trade intensity compared to domestic firms, and (2) how head-
quarters countries influence MNEs’ sourcing and selling locations.

I calibrate model shocks with the new OECD Analytical Activities of Multinational Enterprises
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(OECD AAMNE) Database. In particular, I find MNE productivity declined relative to domes-
tic firms, driving the MP collapse. Furthermore, their sourcing and selling efficiencies declined
for non-headquarters and distant countries. These shocks made MNEs more vertical, increasing
their trade reliance on headquarters and reducing local sourcing and selling. Consequently, MNE
trade intensity displayed resilience during the Great Recession. Leveraging calibrated shocks, I de-
velop new methods to estimate various model elasticities: short-run substitution elasticity across
countries and MNEs within a country; headquarters’ share in foreign affiliates’ productivity; final
demand elasticities for sectors and MNEs; and labor supply elasticity.

The model finds that supply-side productivity shocks contributed more to the trade collapse
than demand shocks. In contrast, trade-only models or those with only horizontal MNEs (without
heterogeneous sourcing and selling efficiencies) find demand shocks more influential, as was found
in the previous trade collapse literature. In the MP model, supply shocks explained 68% of the
trade collapse, while demand shocks explained 44%F| In contrast, in the trade-only model and the
model with only horizontal MNEs, demand shocks each accounted for 33%, while supply shocks
contributed 8% and 21%.

Using cross-industry variations and a decomposition similar to [Levchenko et al.| (2010) and
Levchenko et al.| (2011)), I identify key sector characteristics driving the filtered demand and
supply shocks. My model predicts supply-side policies (targeting high-inventory, trade-intensive,
and upstream sectors) would lead to greater trade recovery. In contrast, trade-only or horizontal-
MNE models predict demand-side policies (targeting capital-intensive, skill-intensive, and less
contract-intensive sectors) would yield greater trade recovery.

Productivity shocks affecting MNEs (relative to domestic firms) accounted for over half of
global GDP change during the Great Recession, highlighting MNEs’ macroeconomic importance/]
Trade intensity, sector upstreamness, and trade credit are primary drivers of MNE productivity

shocks. A model without MNEs underestimates the gains from policies targeting these industry

3Extending the model to incorporate a CES production function, international capital flow and risk sharing,
and MNE entry and exit yields qualitatively similar conclusions.

4While this number may initially appear large, its intuition is the following: From 2008 to 2009, world GDP
declined by 1.4%, while MP declined 9% more than GDP. Furthermore, MNE foreign affiliate sales constituted
12.5% of world total output in 2007. Consequently, the approximate contribution of MP to world GDP decline,

: ; Tihr : ) 12.5%%10.4% _
without accounting for general equilibrium effects, is calculated as: (T=T9.5%) ¥ 1.4%+0. 195 X T0.4% — 51%.
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margins by two-thirds on global trade and by half on global GDP.

Applying the within-between country decomposition to model simulated data, I find that
the “Multinationals’ Resilience Puzzle” can be rationalized by the transmission of productivity
shocks from key headquarters to host countries through MNEs. They generated greater decline
in MP relative to GDP in larger countries, greater decrease of GDP 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 propagated through trade, are unable to account for
these patterns. MP linkages significantly amplified the effects of productivity shocks in important
headquarters on GDP, MP, and trade across other countries.

This paper contributes to the literature on MNE performance during the Great Recession. Prior
works, including Alfaro and Chen| (2012)); Alviarez et al.| (2017)); Kamal and Kroff (2021)) find MNE
sales more resilient than host country domestic firms, but their sales declined with headquarters’
GDP decline (also supported by Basco et al.|2023). Biermann and Huber| (2019) and |Bena et al.
(2022) investigate shock transmission from headquarters and key subsidiaries to other subsidiaries.
The paper also links to the extensive trade collapse literature, where works by |Alessandria et al.
(2010ab)); Bems et al.| (2010); Levchenko et al.| (2010); Eaton et al. (2016)) attribute the trade
collapse primarily to declining demand in the trade-intensive durable manufacturing sector.

Despite extensive literature on trade collapse, consensus on basic MP facts during the Great
Recession—including MNE resilience—has not been reached. Prior work analyzed trade and MP
collapse patterns separately. This paper studies empirically and quantitatively the impact of MP
on the trade collapse. Accounting for trade intensive MNEs shifts trade collapse’s primary driver
from demand to supply. To mitigate the trade collapse, models without MNEs predict demand-
side policies, while the MNE model highlights supply policies’ importance. Trade-only models also
underestimate MNE-targeting policies” impact on trade and GDP.

This paper contributes to the literature that studies the propagation of shocks across regions
and sectors. Previous studies have found trade linkages (e.g., Kehoe and Ruhl|2008; Di Giovanni
et al. 2018; [Huo et al.|2019; Bonadio et al.2021), input-output connections (e.g., |(Caliendo and
Parro| 2015; (Caliendo et al. 2017; Baqaee and Farhi 2019alb; Foerster et al. 2019), and MNE

headquarters-host country relationships (e.g., Cravino and Levchenko 2017; |Alviarez et al.|[2020;
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Bilir and Morales |2020)) can propagate economic shocks to other parts of the economy. I introduce
a tractable framework integrating all three channels. MP linkages amplified key headquarters’
domestic productivity shocks’ impact on other countries” GDP, MP, and trade compared to prop-
agation only through sectoral linkages and trade.

This paper extends the theoretical literature of multinational production. It combines|Caliendo
and Parro| (2015) with Ramondo and Rodriguez-Clare (2013) and introduce headquarters-dependent
sourcing and selling efficiencies. It presents a parsimonious yet realistic model of global value chains
with flexible vertical /horizontal MNE structure. It extends Ramondo and Rodriguez-Clare| (2013)
and |Arkolakis et al. (2018) to incorporate sector linkages and the MNEs’ sourcing and selling
efficiencies with non-headquarters countries. It introduces MNE sourcing efficiency and input-
output linkages into Head and Mayer| (2019) and Wang| (2019)), and it introduces both efficiencies
into Alviarez| (2019). Ignoring these features will not capture realistic MNE vertical /horizontal
structure and underestimates MNE productivity shocks” impact on trade collapse and GDP.

The rest of the paper is organized as follows: Section [2| presents new facts about multinational
production during the Great Recession and in the cross section. Section [3| describes the model.
Section {4] calibrate model shocks and estimate the elasticities. Section [5| presents the simulation

results. Section [6] concludes.

2. Data and Empirical Facts

This section first describes the datasets. Next, I document the following facts: (1) The MP
collapse was driven by a few large countries, and GDP declined more in MP-intensive countries;
however, MP was more resilient than GDP for an average country during the Great Recession.
(2) Trade and MP collapse were positively correlated at the country level. (3) MNEs contributed
to the trade collapse because overall MNE sales declined and MNEs are more trade-intensive
than domestic firms, not due to a decline in MNE trade intensity (trade-to-sales ratio) relative
to domestic firms. (4) MNEs are more intensive in durable manufacturing, and engage more in

trade, particularly with their headquarters and those proximate to their headquarters.
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2.1. OECD Analytical Activities of Multinationals Database

As far as I am aware, this is the first academic study that uses the new OECD AAMNE
databaseﬂ The database covers output and trade for domestic/foreign firms across 59 countries
and a constructed rest of the world for 2005 to 2016E| It comprises two data tables. The first
presents a complete matrix of MNE gross output, defined by headquarters country, host country,
and industry (34 total). The second extends the OECD inter-country input-output database

(OECD ICIO) to cover all countries and sectors and disaggregates each cell into four based on

whether a trade flow’s buyer or seller is a domestic firm or a foreign affiliate ] Section [Appendix A.1|

presents other datasets used in this paper.

Following Eaton et al. (2016)), I measure country-level trade collapse using growth in a country’s
average imports and exports relative to its GDP, and country-level MP collapse using growth in
a country’s average inward and outward foreign affiliate sales relative to its GDPE| In order to
compare with Eaton et al|(2016)), I use the same sector classification, collapsing the 34 industries
in the OECD AAMNE into three: durable manufacturing, nondurable manufacturing, and non-

manufacturing

2.2. Resolving the “Multinationals’ Resilience Puzzle”

Despite previous research (e.g., |Alfaro and Chen 2012; |Alviarez et al.|[2017; Kamal and Kroft
2021)) documenting MNE sales resilience compared to domestic firms during the Great Recession,
Figure (1| sharply contrasts this. It shows global MP plunged relative to GDP comparably to the
trade collapsem To reconcile this inconsistency, which I call the “Multinationals’ Resilience Puz-

zle,” T conduct a within-between country decomposition, summarized in the following proposition:

SOECD AAMNE highly correlates with MNE sales data previously used in the literature. Figure
shows high correlation with the headquarters-host country-sector level MNE sales data collected by |Alviarez (2019)
when aggregated to their sector classification and averaged across 2003-2012, as |Alviarez] (2019) only reports the
time-average statistics. Figure also shows high correlation with headquarters-sector level sales by
foreign MNEs in the US from the US Bureau of Economic Analysis (US BEA).|Ramondo et al.| (2015]) and |Arkolakis
et al.| (2018)) used this US BEA data.

b'Table shows the countries in OECD AAMNE.

TOECD ICIO is a database documenting trade between country-sector pairs. See Ahmad et al.| (2006).

8Inward foreign affiliate sales represent sales of foreign affiliates headquartered elsewhere. Outward foreign
affiliate sales represent sales of foreign affiliates headquartered in the country and operating abroad.

9Table lists the industries in OECD AAMNE and their mappings to the broad sectors.

OFigure confirms these patterns are consistent across all sectors, suggesting sectoral composition
is not the only driving force.
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Figure 2: Global MP and Trade Collapse During the Great Recession

(a) MP Declined More in Larger Countries and GDP Declined More in MP Intensive Countries

MP /Trade Declined More
in Larger Countries

GDP Declined More
in MP /Trade Intensive Countries

Within-country

Total

All
MP -0.020 (114.1%)
Trade 0.008 (-23.5%)

~0.008 (48.7%)
~0.002 (6.3%)

0.011 (-62.8%)
~0.038 (117.2%)

~0.017 (100%)
-0.032 (100%)

I. Durable Manufacturing
MP —0.045 (262.7%)

~0.033 (190.4%)
~0.004 (5.8%)

0.061 (~353.1%)
~0.108 (169.2%)

~0.017 (100%)
~0.064 (100%)

Trade 0.048 (-75.0%)

II. Non-durable Manufacturing
MP —0.010 (28.4%)
Trade 0.008 (-19.3%)

~0.034 (93.2%)
-0.012 (31.5%)

0.008 (~21.6%)
~0.034 (87.8%)

~0.037 (100%)
~0.039 (100%)

III. Non-manufacturing
MP —0.013 (108.5%)
Trade 0.005 (—22.3%)

~0.007 (54.8%)
~0.002 (8.9%)

0.008 (~63.3%)
—0.024 (113.4%)

~0.012 (100%)
~0.022 (100%)

Notes: 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 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
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.

(b) Country-Level Correlation of MP and Trade Collapse

3
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Notes: This figure displays, on the country level, (1) average inward/outward affiliate sales growth and GDP growth difference; and
(2) average imports/exports growth and GDP growth difference between 2008 and 2009. Regressing the MP collapse on the trade
collapse at the country level gives a coefficient of 0.52 and a standard error of 0.21. The data source is OECD Analytical Activities of
Multinationals (OECD AAMNE) Database.

Proposition 1. The change in the global MP-to-GDP ratio decomposes into two cross-country
effects: (A) MP declined more in higher-GDP countries; (B) GDP declined more in MP-intensive
countries; and one within-country effect: (C) the average country-level change of MP relative to

GDP. See Equation ﬂ

1Tn Equation , i represents a country, N is the total number of countries, M P;; denotes the average of
country ¢’s inward and outward MP in year ¢, and GDUP;; is country i’s GDP in year t. Term A quantifies the
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(1)
Table [2a] presents the decomposition results and establishes the following fact:

Fact 1. MP declined more in higher-GDP countries, while GDP fell more in MP-intensive coun-

tries. However, MP showed greater resilience than GDP in an average country.

The MP collapse displayed greater cross-country heterogeneity than the trade collapseE Its
decline was driven entirely by MP decline in large, key headquarters countries and GDP decline in
MP-intensive countries, despite MP rising relative to GDP in an average country. In contrast, the
trade collapse was widespread in nearly all countries, with the within-country term fully accounting
for the world total. Figure[2b] which plots country-level MP collapse against trade collapse, proves
this pattern. This pattern prevails across all sectors, from manufacturing to service.

Previous works finding MNE resilience typically employed a regression approach that only
uncovered average firm or sector resilience across countries. Hence, they mostly ignored the cross-

country heterogeneity and failed to document the global MP collapse.H

covariance between country-level MP collapse and the time-average of countries’ shares of world GDP (adjusted
for N countries). Term B captures the covariance between changes in countries’ shares of world GDP and the
time-average of countries’ MP intensity (also adjusted for N countries). The within-country effect represents the
average MP collapse across countries. To decompose the global trade collapse, M F; ; is replaced with the average
of country ¢’s imports and exports in year ¢t. Proof is in Section

12Table further decomposes the within-country term from Equation [1] into its within-country-
between-sector and within-country-within-sector components. The table shows that the within-country-between-
sector term contributed to the MP collapse, even though MNE sales declined much less than GDP for an average
country-sector. In contrast, the trade collapse was entirely driven by the within-country-within-sector term. The
technical details are presented in Sector

13These studies typically consider an unweighted regression: yy,: = B1(Great Recession;) x MNE; + FE; +
FE;+¢€s,;:. Here, f denotes a firm or sector, ¢ a country, and t a year. 1(Great Recession,) is an indicator for the
Great Recession, and MNE; for whether firm f is an MNE or if the sector has higher MNE intensity. FEy and
FE; are firm/sector and time fixed effects.
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2.3. Contribution of MP to Trade Collapse

The next two facts examine how MNEs affected the trade collapse:

Fact 2. Figure demonstrates a positive correlation between MP and trade collapses across

countries, suggesting that shocks to MNFEs contributed to the trade collapseE

Using an event study approach, I disentangle two potential channels through which MP con-

tributed to the trade collapse:

Fact 3. MP amplified the trade collapse because MNE sales declined more than GDP globally and
MNEs have higher trade intensity (trade-to-sales ratio). However, MNEs’ trade intensity did not

decline relative to domestic firms.

First, I show that MNE imports and exports declined more than domestic firms and amplified
the trade collapse during the Great Recession. I use the OECD AAMNE trade-by-ownership

database, which provides trade value T* from country j firms (domestic: ¢ = D, or foreign:

nmji,t

i = F) to country n firms (domestic: m = D, or foreign: m = F') across sectors s and years t:

2012 2012

10g(Taiie) = Y. Bt =k} xI{n#£j}+ > "It =k} x I{n # 5} x I{m = F} + 05,5, + 67 + €nnjirs
k=2006 k=2006
2012 2012
1Og<Trjm]z t Z ﬁlimp]l{t - k} X ]I{TL # .7} + Z ’yzzpﬂ{t - k} X H{n 7& j} X H{Z F} + 6nm]z + 5: + efzmji,t’
k=2006 k=2006

where m,i € {D, F}.
(2)

The term I{t = k} x I{n # j} interacts a cross-border trade dummy with time, capturing the
overall trade collapse. I{t = k} x I{n # j} x [{m = F} and [{t = k} x {n # j} x {i = F'}
further interact it with the importer’s (m) or exporter’s (i) MNE status. These effects quantify

how MNE imports and exports declined relative to domestic firms. While I examine two terms’

effects individually, I report the results when both terms are included in Table [Appendix A.4]

Figures [3a and [3b| show that MNE trade declined more than domestic firms’ trade during the
Great Recession, with two potential channels: (1) MNEs’ overall sales declined relative to domestic

firms while they have higher trade intensity (confirmed later in Fact [ and [f]), and (2) MNE trade

HMFigures |[Appendix A.3| and |[Appendix A.4| confirm the relationship holds across sectors and for all years in
OECD AAMNE.
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intensity itself declined relative to domestic firms. To disentangle these channels, I consider the

following regression:

2012 2012

108(Tmjie) = Y. BTt =k} xn# i + > 6,"PI{t =k} x I{m = F}
k=2006 k=2006
2012

+ Z fyzemp]l{t = k} X ]I{n # .7} X ]I{m F} + §nmjz + 61? + Eimji,t’

k=2006
2012 2012
1 DTy — kY w1 OSTPILt = kY x Ifi = F (3)
Og( nmgvt Z 5]@ { - }X {TL#]}+ Z k { - }X {Z* }
k=2006 k=2006

2012

+ > Pt =k} x I{n #£ 5} x I{i = F} + 65,5 + 0 + €nmiins
k=2006

where m,i € {D, F}.

[ include an additional interaction term, I{t = k} x I{m = F} or I{t = k} x I{i = F'}: time
dummy interacted with buyer’s (m) and seller’s (i) firm type (domestic or MNE). This term
captures overall sales by domestic firms and MNEs. Once this term is controlled, the terms
Kt =k} xI{n # j} x I{m = F} and I{t = k} x [{n # j} x I{i = F} capture whether MNE
trade intensity (trade relative to sales) declined more than domestic firms.

Figures [3c| and |3d| show that MNEs contributed to the trade collapse due to declining overall
sales and higher trade intensity, whereas their trade intensity remained more resilient than do-
mestic firms. The coefficient for overall MNE sales is negative and significant; once this term is

included, MNE trade increased relative to domestic firms, suggesting resilient trade intensity. Sec-

tion [Appendix A.3| presents difference-in-differences regressions that estimate the time-averaged

effect and report more robustness tests.

I present additional cross-sectional facts about MNEs, with details in Section [Appendix A.4}

Fact 4. MNEs are more intensive in the durable manufacturing and international trade.

Fact 5. MNEs import and export more intensively with their headquarters countries and countries

closer to their headquarters.

Discussion. Adverse domestic productivity shocks from major headquarters countries, propagat-
ing through MNEs across countries, can explain these empirical patterns. The Great Recession
stemmed from a financial and real estate crisis in the United States that spread to other advanced

economies’ financial sectors. As MNEs rely on headquarters’ financing (Biermann and Huber, [2019;

10
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Figure 3: Effect of Great Recession on Trade by Domestic Firms and MNEs

(a) MNE Imports Declined More Than Domestic Firm Imports
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(b) MNE Exports Declined More Than Domestic Firm Exports
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(d) Conditional on MNE Sales, MNE Exports Showed Resilience
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Notes: Panel (a) and (b) display the coefficients and 90% confidence interval from Equation . Panel (c) and (d) display the coefficients
and 90% confidence interval from Equation . The vertical red line refers to year 2009. Standard errors are clustered at the importer
country-importer firm type-exporter country-exporter firm type-sector (nmijs) level. The year 2008 is the omitted reference quarter.
The regression is weighted on sum of pre-period trade value (23202%06 Tojit):

Bena et al., 2022), these shocks negatively impacted MNE performance from advanced economies

(often key headquarters and host countries) and decreased GDP in these MP-intensive countries
(explaining the two cross-country terms in Equation . Productivity shocks to trade-intensive
MNE:s likely contributed to the trade collapse and augmented productivity shocks’ overall role in
itE| Prior works, which concluded demand shocks outweighed productivity shocks for the trade
collapse, did not account for those specifically affecting MNEs. My quantitative analysis will use
a model of MNEs and global value chains to re-evaluate whether demand or supply shocks were

more crucial for the trade collapse.

15Quantitatively, demand shocks for MNEs did not significantly reduce their sales.
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3. Model

The model integrates |Caliendo and Parro| (2015) with Ramondo and Rodriguez-Clare (2013)).
It features a global economy with N countries and S sectors. Its agents include households,
firms/MNEs, and governments. Households consume and supply labor. Firms produce with host
country labor and composite goods, which they source from different upstream countries and firms
from different headquarters within each upstream country. All markets are competitivem The

government collects labor income taxes and tariffs and rebate the revenues to households.

3.1. Household’s Problem
Household utility maximization builds on [Huo et al (2019)[7"] Households derive utility from
consumption and leisure. They receive income from work (after a government labor income tax),

tariff revenues, lump-sum rebate of the labor income tax, and foreign transfers:

s "
max Cp — Y —— (L3) 7 |
C 3DL{n S:11+w( n)

s
nm

s=1
N 52
C; = (Z (@) <czm>‘*> , )
"S s
PuCo =Y PinCa =Y (§)7 wiL + Ry + Ty + Dy = I,
s=1m=1 s=1
S
T, =Y [1- ()7 |wiLs
s=1

Country n’s consumption (C,) is a Constant Elasticity of Substitution (CES) function of
sectoral goods (C?), with an elasticity of substitution A across sectors s. Within each sector,
consumption is a CES function of MNE-specific composite goods (C?, ) from firms with different
headquarters with an elasticity of substitution §. P? = denotes MNE-specific composite goods price.

For income, L; represents country-sector level labor supply, with wage denoted by w;. The

labor supply elasticity is ¢, and [1 — (ffl)i] defines the labor income tax rate Additional terms

6These assumptions follow from Ramondo and Rodriguez-Clare (2013), |[Eaton et al. (2016), |Cravino and
Levchenkol (2017)), and |Alviarez et al| (2017)).

HThis setup conveniently generates an upward-sloping labor supply function, as in |Greenwood et al.| (1988).
Alternatively, |Bonadio et al.| (2021) and |De Souza and Li (2022)) produce a positive labor supply elasticity by
assuming that each household chooses the sector that maximizes their utility.

18For clarity and following works like Huo et al.| (2019) and Bonadio et al.| (2021), I assume these elasticities are
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include R, for tariff revenue, 7;, for the lump-sum labor income tax rebate, and D,, for foreign

2 transfers (positive D,, means a trade deficit).
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Equation leads to the following sectoral labor supply function, as in |Huo et al.| (2019), as

well as final expenditure shares on sectors and MNEs{"]

3.2. Firm’s Problem

sY
w
IS =¢85 | =n
-a 5]
. as(Ps)lf)\
Sn = S = TL N1—X\" (5)

Zs’:l a% (P;: )1
U (P)'™°

o Z%’:l afLm’(P:m’)lié.

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

and MNE-specific composite goods from all sectorsﬂ

SSI

S LS 'Yi Msfn !
Anm< ;:) 51_:[1 < vf? ) . (6)

MNEs in the same host country differ in both their productivity A7 =~ and MNE-specific composite

input prices. MNESs hire labor L;

sector s’ for producing s output. The price of M;;’f;z is the MNE-specific composite goods price P?

and use non-tradable, MNE-specific composite goods M;;’;; from

nm)’

as defined in Equation (4)). Production exhibits constant returns to scale with %"‘Z Y = 1

The composite goods are produced with a “love-of-variety” function, combining tradable output

from upstream host countries and MNEs in each host country. The outer nest captures trade-offs

between countries at an elasticity of substitution o (trade elasticity). The inner nest combines all

MNEs within a country at an elasticity ¢ (MNE elasticity):

[
¢ o—1 o—1

nm_ Z (Z qnmjz > 7 . (7)

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

constant across sectors.

9Based on properties of the CES function, P? = (ZZ 1o (P )1_6>

1
1-35

and P’ = ( oy /\)1 :

The following normalization is imposed: «f = 1 for non-manufacturing sector and o, = f T domestlc firms’

composite goods.

29Technology and trade flow from right to left in the subscripts.

21T assume that all MNEs in host country n have the same input-output shares 5 and vff/ — the same assumption

is used by Alviarez| (2019).
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in country ¢, operating in j, is:

S

0%
anh’m]kn]tn] As . (8)
The selling MNE’s input bundle cost is represented by 0%, = (w;?)%s' Hss/zl (Pji/)vjs . Trade

between countries j and n incurs both iceberg, non-tariff trade barriers (k:.), and ad-valorem

ni):
tariffs at rate 7, with &7, =1+ 7,

Departing from prior works, I assume MNEs face headquarters-trade partner-specific iceberg
frictions sourcing from and selling to non-headquarters countries. h ; represents the MNE sourcing

friction for an MNE headquartered in country m that sources inputs from country j. lf[fn denotes

the MNFE selling friction for an MNE headquartered in country ¢ that sells to country n@

MNE Output Shares and Sourcing Shares. They critically differentiate international trade pat-
terns of MNEs from domestic firmsPY| The MNE output shares refer to a selling MNE’s share

(headquartered in ¢ and operating in j) in trade from host country j to destination n, as follows:

0:,\1—¢
()

nji @a 1-¢°
Sy ()

(9)

I relabel H;, = (ﬁlfu> 1747 which represents the MNE selling efficiency for MNEs headquartered
in country 7 selling to country n. Country j’s producer price index for shipments to n, Pnf ,
defined by the denominator of Equation (9) as: (P,7) = SV H?, (i—j:) o

The MNE sourcing shares represent a buying MNE’s (headquartered in m and operating in

n) expenditure share on origin country j. They are the outer-nest shares and equal:

g s (hagtas Po?)™
ﬂ.;nmj = I s Jps’p (10)
Zl 1 ml ( )

s

e,
22Consequently, the factory gate price per unit of output becomes A , based on profit maximization and perfect

competition assumptions.

23Non-tariff trade barriers within a country, as well as MNEs’ selling and sourcing frictions with the headquarters,
are normalized to one: kJ, = HS =ho ., =

24As an alternative to the nested CES setup, Section [Appendix B.1| builds on Ramondo and Rodriguez-Clare
(2013) to develop a micro-foundation for the MNE sourcing problem The downstream MNE draws correlated
productivity shocks for upstream host countries and upstream MNEs and source from the lowest-cost supplier. It
yields the same market shares as in Equations @D and .

25 A lower Pif indicates higher productivity, lower input prices, or greater selling efficiency for MNEs hosted by
country j selling to destination n.
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~ l1-0o
L relabel Ay, = (hfﬂj) , which represents the MNFE sourcing efficiency for MNEs headquartered
in country m sourcing from j . The MNE-specific composite goods price is defined as: (P;m)“” =
SOV RE (ksts, PSP) 7. This MNE will face lower composite goods price if country n has lower

trade barrier and producer price index, or if country m’s MNE is more efficient at global sourcing.

Sourcing and Selling Efficiencies Determine the MNE’s Vertical/Horizontal Structure. Consider
three cases: (1) Forward-vertical MNEs source exclusively from their headquarters m (i.e., h;,; =
0, Vj # m). For example, Toyota dealers in the US importing cars solely from Japan; (2)
Backward-vertical MNEs sell exclusively to their headquarters (i.e., H, = 0, Vn # ). For
example, Toyota’s tire suppliers in Thailand providing tires solely to Japan; and (3) Horizontal
MNEs (i.e., hy; = Hyy =1, Vm,n, j, i) have identical sourcing and sales shares as domestic firms.
They differ from domestic firms only in productivity, not in their sourcing and selling patterns.@

In reality, most MNEs exhibit a mix of forward-vertical, backward-vertical, and horizontal
characteristics.@ Thus, the true values of MNE sourcing and selling efficiencies are unlikely to fall

strictly into any of these three cases and need to be calibrated using data.

MNE-Bilateral Expenditure Shares. Expenditure share of an MNE from country m operating in

n, on the output from one from ¢ operating in j, equals the following:

s _ .8 s
Trnmji - ﬂ-nijnji' (11)

Lauilibrium in Levels and Changes. T present the market clearing conditions in Section [Ap
[pendix B.2l The model is solved in changes using the “exact hat algebra” technique. MNE

sourcing and output shares, baseline tariffs, final goods expenditure shares and household income

sufficiently characterize model response to shocks (see Section |[Appendix B.3)).

26Both the selling and sourcing efficiencies are relative to selling and buying with the MNE headquarters, with
the normalization H;, =1 Vi and A}, =1 Vm.

2TThese efficiencies can also explain foreign affiliates’ greater import/export engagement than domestic firms,
alongside their higher trade with headquarters and proximate countries.

28Gee |Yeaple, (2003)), |Antras and Yeaple (2014), Baldwin and Okubo (2014), [Ramondo et al. (2016), among
others.
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3.3. Discussions and Extensions

By integrating (Caliendo and Parro| (2015) with |Ramondo et al. (2015), the model presents a
parsimonious yet realistic treatment of MNEs and global supply chains. The model incorporates
input-output linkages and accounts for headquarters’ influence on MNEs’ international trade de-
cisions. As intermediate goods constitute the majority of trade, input-output linkages are crucial
for understanding how various shocks drove the trade collapse. MNEs’ international trade deci-
sions, governed by headquarters sourcing and selling efficiencies, match the model with empirical
data showing: (1) MNEs are more trade-intensive than domestic firms, and (2) MNEs trade more
intensively with their headquarters and countries proximate to their headquarters. These features
are critical for how MNEs impacted the trade collapse.

In the next paragraphs, I outline how the model can incorporate endogenous international
capital flows and MNE entry and exit into production and trade@ While these extensions enrich

the model, they don’t change MNEs’ role in the trade collapse or broader macroeconomic outcomes.

International Capital Flows. Households in different countries trade state-contingent bonds to
borrow and save for consumption smoothingm The utility function in Equation is modified
as follows, where households maximize their lifetime utility by choosing labor, consumption, and

state-contingent bonds each period:

s
: w S 1-'*-1/;
o max Eg ZB log ( z:: 71/} ? )

,L,t7Qn(3t+1 [s¢)

(12)

9}

5.6 PoiCi+ Y p(siir]s)Qn(sirals:) Z Yws Lo + R + T + Qusilsir).

St+1 s=1

To create a consumption smoothing motive, we assume per-period utility equals log of the previous
utility function in Equation (4]). The international capital market is complete, featuring an asset
that pays one unit of monetary income for each history-dependent state s;. Denote its current
holding as @, (s¢|s;—1) and price of next period’s bond p(s;41|s;). Other variables in Equation ({12))

maintain the definitions in Equation ({4]).

Proposition [Appendix B.1|shows that the solution to Problem is as followsﬂ

29A more straightforward extension replaces the Cobb-Douglas production function with a CES function, dis-
cussed in Section [Appendix

30See Backus et al. (1992)), and recent works including |Caselli et al.| (2020) and [Feng et al.| (2024).

31Gee Section for additional analytical details.
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N s S

A 1 1 v 3

PoiCnp = =5 Z ( Z(gi )Wy L3y + Ry "‘Tn,t) + Z(gi J)vwy Ly .
Zn:l )\” n=1 1+ 1/} s=1 1+ w s=1

Through saving and borrowing, households can hedge ﬁ of their labor income and all their

transfer income R,,; and T,,,. A\, represents the inverse of country n’s marginal utility of income.
n,t n,t n

For their hedged income, they receive a share > e X of global income, which reduces their ex-

n=1""n

posure to country-idiosyncratic shocks and country-idiosyncratic shocks disproportionately affect

large countries (those with lower marginal utility of income) |

MNE Entry and Exit in Production and Trade. 1 introduce these features by combining |Arkolakis
et al.| (2018)) and Caliendo and Parro| (2015). Following the spirit of the baseline model, I also

incorporate input-output linkages and headquarters-dependent marginal and fixed costs for MNEs’

sourcing and selling with non-headquarters countries. See Section [Appendix B.§| for details.

A key takeaway is the following MNE-bilateral sourcing share, the counterpart of Equation
of the baseline model:

M 7_‘_s,ﬁlris,ﬁrm [ts s ]%
s ji''nmj nji nj- nmji

= 13
nmji EN ) ZN ) M 7T_s,ﬁrmSs,ﬁrm [ts F's ]% ’ ( )
j= 1=

ji ' nmy nji nj- nmji

T,

s,firm

wmg have the same expressions as in

in which firm-level sourcing and output shares, Sflﬁrm and T
Equations @ and . M, denotes the measure of firms from ¢ operating in j, reflecting MNE

¢=n
entry and exit into production. The term [ts F? }1*“ captures the fixed cost an MNE from

nj+ nmji

country 7 in j faces selling to an MNE from country m in n@
Equation shows that aggregate sourcing by MNEs (from m operating in n) from other

MNEs (from i operating in j) increases under three cases: (1) each individual MNE is more likely

s,firm Ss,ﬁrm X

to do so, indicated by a greater m,, =S, (2) a greater measure of MNEs from i is producing in

j (higher M£); or (3) such sourcing faces lower fixed trade costs or headquarters-dependent fixed

(=
MNE sourcing and selling frictions (lower [t5 F3 ]77").

nj* nmji

32),, does not have the time subscript because, as I show in Section [Appendix B.7] their relatives across countries
do not change over time. In this model, current account deficit, D, +, arises endogenously: D, : = P, :Cp+ —

S 1
(Zs:l(ffl,t) v w’ﬁb,tL’fL,t + Rn,t + Tn,t) .
33In this model, & is the elasticity of substitution across firms and 7 is the firm markup. It is required that
l<k<(<o.
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Compared to the baseline model, the extension with firm entry and exit does not change
a shock’s category (productivity, final demand, or MNE); instead, it decomposes the aggregate

shocks identified with the baseline model into intensive and extensive margins. As shown in Propo-

sition [Appendix B.4] the baseline model’s MNE productivity shock combines firm productivity

and the measure of MNEs in the extended model. Baseline trade cost and MNE sourcing and
selling efficiencies combine the extended model’s trade cost, sourcing, and selling efficiencies on

the firm level, with the fixed trade, sourcing, and selling costs.

4. Shock Calibration and Model Validation

Figure {4] outlines the model’s shock calibration and parameter estimation procedure. First,
I calibrate MNE sourcing and selling efficiencies exactly with the OECD AAMNE data. Next,
using this information, I estimate the trade and MNE elasticity. With these elasticities and MNE
output data, I calibrate MNE productivity relative to domestic firms, trade cost, and domestic
productivity shock. Using MNE productivity shock, I create exogenous variations to estimate the
remaining elasticities: headquarters’ share in MNE productivity, elasticity of substitution across
MNEs within a sector and across sectors, and labor supply elasticity. Finally, with all estimated
elasticities, I invert the model for the remaining shocks.

Figure 4: Procedure to Calibrate Model Shocks and Estimate Elasticities

4 N

Calibrate Sourcing and Selling Efficiencies, h;, y and H;

v

Estimate Trade and MNE Elasticity, o and ¢

v

4 7
AS,
Calibrate MNE Relative Productivity A—f, Trade Cost k2, i and Domestic
77

Productivity Shock AA;’]
h J

— v I

[Estimate Labor Supply Elasticity, w} [Estlmatefi?zt;;:més&; stltutlonJ

v

[Estimate Elasticity of Substitution}

Estimate Headquarters' Share in
MNE Productivity, ¢

Across Sectors, A

- J

Notes: This flow chart outlines the model’s shock calibration and elasticity estimation procedure.

Section presents the model shock calibration, focusing on MNE sourcing and selling effi-
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ciencies (details in Section [Appendix C.1)). Section 4.2 discusses the performance of shocks during

the Great Recession (details in Section [Appendix C.3). Section [4.3briefly discusses how the model

elasticities are estimated (details in Section |[Appendix C.4)). Section presents numerous model

validations with data that has not been used in the calibration (details in Section |[Appendix C.10)).

4.1. Model Shock Calibration

MNE Sourcing and Selling Efficiencies. Their calibration requires an involved process because
OECD AAMNE lacks direct information on sourcing or selling activities for MNEs from an arbi-
trary headquarters. Instead, available data includes only headquarters-host country total output,
along with sourcing and selling values by domestic firms and all MNEs.

I develop a new method to exactly calibrate MNE sourcing and selling efficiencies based on
OECD AAMNE without any estimation of model elasticities. I calibrate MNE sourcing efficiency

based on the difference between sourcing shares by foreign affiliates and domestic ﬁrms.@ Note

s
hmg

that ’”’” = = "ns = . Plug this into the equation that equates a country’s total imports with
nng =1 nnl hs

. . Z Xs s Zm 1Xn'm nnj ﬁnmj .
the sum of imports by all firms in the country, 77}, = nmfnmg nni B35 T derive

t5 t“" .

the system of equations with which I solve hj; and compute any MNE sourcing share, 7, . @

he .
_ Mang mj
By = - }:X . (14)
nj'ng m=1 Zl:l Tnl h?,

I calibrate MNE selling efficiency using the difference between domestic firms’ share in host

country gross output and their share in host country exports. Specifically, GO3; = Zg 11550 =

nj~nji

GO,

N s Qs
Zp 1TPJSPJJ m

(95 )1 e (95 )1 ¢
SN TES8 Snsi SOV 7555 HE BT As a result, — = . Plug this

nj nJJS* es \1-¢C nj~njj s\ '~
73

JJ
A
Equation @, I obtain the system of equations to calibrate ngﬁ

into the definition for S;J >

34] calibrate MNE sourcing and selling efficiencies for all sectors and years available in OECD AAMNE.
35T6 denotes import by country n from j and X, country n’s expenditure on MNE-m specific composite goods.

*Note that 75,,; = me]ﬁ
1=1 Tnni hgl
37GOS denotes total output by MNES from i operating in j.
38For each sector s, Equations (14)) and (15) have N? equations with N2 unknowns. 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, hZ ., and H;;, to 1, which fixes the remaining parameters. For

each problem, I try different starting values and find they all converge to the same solution. With calibrated Hy,;,
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GO?k
=S5, Z —- 7 Hp. (15)
k=1 Zp 1 TPJSPJJ Hs,

In Section [Appendix C.1] T detail the calibration of the other model shocks: MNE productivity

s

relative to domestic firms (MNE Relative Productivity Shocks, =), trade costs (/%fl]), shocks to

) AS
domestic firm productivity (fljj), sectoral and MNE final demand (&2 and &2, ), and labor supply

CU,

(fZ) Note that a variable with a hat denotes its change over time: & = %, where x denotes the

variable in the current period and 2z’ in the next period.

Compute GDP in the Model with Calibrated Shocks. A country’s GDP change is computed as the

sum of contributions by domestic productivity shocks (fljj), MNE relative productivity shocks

4 ), and labor supply changes (Ls) according to the following equation

(G

log (GDP; ) = ZZ log (43 )+§:§: GO:LS (j:>+55125w;p Slog (L3). (16)

s=1i=1 51 s=11i=1 s=1 1

Section shows that, using a variance decomposition approach, domestic productivity

shocks explain 51% of GDP changes across all countries and years, MNE relative productivity
shocks explain 42%, and factor supply accounts for 7%. During the Great Recession, domestic
productivity shocks explain 46% of GDP changes across countries, MNE relative productivity

shocks explain 39%, and factor supply contributes 14%.

4.2. Model Shock Performance During the Great Recession

During the Great Recession, MNFEs Experienced Productivity Decrease and Became More Vertical
(Which Increased Their Trade Intensity). Regressing calibrated shocks on gravity variables, I
find that MNE productivity decreased, which contributed to the MP collapse. MNE sourcing and
selling efficiencies with non-headquarters countries also declined, which made MNEs more vertical.

This led to greater MNE trade intensity compared to domestic firms and supports Fact [3] as MNEs

I can also calculate the output share of an arbitrary MNE.

39For expositional clarity, this paper focuses on GDP as the macroeconomic outcome. The implications of MNEs
and various shocks on other macroeconomic well-being measures, such as consumer welfare, are qualitatively similar.
Equation is derived in Section Notably, |Baqaee and Farhi| (2019a)) derived a similar formula
that does not include MNEs.
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gained a comparative advantage in sourcing and selling with headquarters while domestic firms
increased local sourcing and selling. Furthermore, pre-Recession trade and MP linkages, along

with deep trade agreements with headquarters, mitigated MNE productivity and trade losses.

Section [Appendix C.3| details these analysis.

Classify Shocks as Supply or Demand. To revisit the trade collapse literature, I classify shocks
As.
i

A?y‘)’

as either supply or demand (Table . Supply shocks include MNE relative productivity (

domestic productivity (Ajj), and labor supply (€2) shocks. Demand shocks include final demand

s

#) and MNEs (&2,.). Previous works focused on domestic productivity and

shocks for sectors (&
labor supply shocks as supply shocks, and sectoral final demand shocks as demand shocks, and
ignored shocks differentially affecting MNEs and domestic firms.

Table 1: Classify Shocks as Supply or Demand

MNE-Specific Shocks Supply and Demand Shocks in Trade-only Model Other Shocks

Domestic Productivity Shock
Labor Supply Shock

Demand Shocks MNE Final Demand Shock Sectoral Final Demand Shock Trade Balance Shock

MNE Sourcing Shock
MNE Selling Shock

Supply Shocks MNE Relative Productivity Shock

Other Shocks Trade Cost Shock

Notes: This table displays the shocks studied in the model and classifies them as either supply or demand shocks.

Both Demand and Supply Shocks Decreased More for Manufacturing Sectors.. Figure[Appendix C.]|
shows that most shocks—sectoral final demand (&), domestic productivity (Ajj), labor supply
({Afb), and MNE relative productivity (é—g;)all decreased more for manufacturing than for non-
manufacturing. A trade-only model likely misinterprets the source of trade collapse: it would

treat the decline in input demand by manufacturing MNEs (due to their productivity decrease)

as a decline in manufacturing’s final demand.

4.3. FElasticity Estimation

I develop a novel method to jointly estimate the MNE and trade elasticities, using a model-
implied regression equation and variations in MP shares and tariffs. These estimations leverage
2005-2016 trade and MP data from OECD AAMNE. Controlling for origin-destination-sector fixed
effects, I identify short-run elasticities using time variation. I instrument MP shares and tariffs

with applied MEN tariffs, following |[Boehm et al.| (2023).

21



415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

431

432

434

435

I estimate headquarters’ share in MNE productivity by regressing shocks to MNE productivity
relative to domestic firms on the difference in headquarters and host country domestic productivity
shocks. T develop new instruments with MNE headquarters productivity shocks to estimate final
demand elasticities (for sectors and MNEs) and labor supply elasticity. These instruments generate

exogenous variations in host country prices and labor demand.

. Section [Appendix C.4] shows the estimation of trade and MNE elasticities. Section [Ap

presents the estimation of the headquarters’ share in MNE productivity. Section

[Appendix C.7] details the estimation methods for final demand elasticities for MNEs within a

sector and across sectors. Labor supply elasticity is estimated in Section [Appendix C.8|

Impact of Trade and MNE FElasticity Estimation Errors on Other Parameter Estimates. Figure
shows that estimation errors for ¢ and ( affect the estimation of all other parameters, the
calibration of most shocks (except MNE sourcing and selling efficiencies), and ultimately the

quantitative results. To account for this, I make 300 independent draws of ¢ and ( from their

asymptotic distribution (Column 1 of Table [Appendix C.8|). For each draw, I estimate, calibrate,

and run a full model simulation.

Table [2| summarizes the baseline estimates-other elasticities’ values when o and ¢ are at their

estimated means. Figure [Appendix C.2| displays the distributions of these estimated elasticities

relative to their baselines.

Table 2: Estimated Parameters

Parameter Definition Value Estimation Method
o Trade Elasticity 3.10 Section |Appendix C.4
¢ MNE Elasticity 2.71 Section |Appendix C.4
[} Headquarters’ Share in MNE Productivity 0.23 Section |Appendix C.6
) Elasticity of Substitution across MNEs within Sector 2.73 Section |Appendix C.7
A Sectoral Final Demand Elasticity 1.81 Section |Appendix C.7|
P Labor Supply Elasticity 0.61 Section |Appendix C.8
.- I § High Value: 0.67 Section prcscnts the extended model with CES production function.
" Elasticity of Substitution across Inputs Low Value: 0.1 High value comes from |De Souza and Li|(2022) and low value is from [De Souza et al.|(2024).

Notes: This table displays estimated parameter values and estimation methods under the baseline calibration where o and ¢ take their
mean values.

4.4. Model Validation

Section [Appendix C.10|conducts several model validation exercises with data that has not been

used in the calibration. First, I show that the calibrated MNE sourcing and selling efficiencies
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and productivity all follow gravity, consistent with Fact [f] Second, the model closely matches
inter-MNE trade, the data for which not used in calibration. Third, the model implied GDP
(Equation accurately matches year-over-year GDP growth and GDP growth during the Great
Recession in the actual data. Fourth, the model replicates the contribution by MNEs to the trade
collapse, Fact [3] Finally, the model replicates the correlation between a country’s GDP and its

MNE sales, confirming that headquarters shocks propagate to host countries through MNEs.

5. Quantitative Analysis

With MNEs more adversely affected by productivity shocks and higher MNE trade intensity,
the trade-only model under-predicts productivity shocks” impact on the trade collapse.@ I first
present the importance of supply and demand shocks for trade collapse in MP and trade-only
models. I then highlight MNE shocks’ large contribution to GDP. Next, I examine the impact of
policies targeting supply or demand. Finally, I show how MP amplified the propagation of shocks

across countries.

5.1. Importance of Shocks

Figure 5: MP Model Concludes that Supply Shocks Contributed More to the Trade Collapse than
Demand Shocks

(c) Model with MNEs but without MNE
(a) MNE Model (b) Trade Only Model Sourcing and Selling Efficiencies

1.1 1.2
.

1

Log Change in Trade-to-GDP Ratio

@4

2007 2008 2009 2010 2011 2007 2008 2009 2010 2011 2007 2008 2009 2010 2011

[ EerE [ Eerrw | e e

Notes: This figure shows the impact of demand and supply shocks on the trade collapse in different models: (a) the baseline model
with MP, (b) the model with only trade but no MP, and (¢) MP model without sourcing and selling efficiencies. The area represent
95% confidence intervals, computed from 300 independent draws from the distributions of externally calibrated parameters: o and (.

MP Model Predicts that Supply Shocks Contributed More to Trade Collapse than Demand Shocks.

Figure |bal shows that in the model with MNE, supply shocks (blue) contributed more to the trade

40This intuition is formalized in Section |[Appendix D.2|with an extension of the decomposition in Section
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collapse than demand shocks (red).ﬂ In contrast, Figure [5b| shows that in the model without MP,
demand shocks had a greater impact on the trade collapse than supply shocks, same as previous
literature [

Figure [5c| shows demand shocks contributed more to trade collapse in the MNE model without
sourcing/selling efficiencies, similar to a trade-only model. Here, MNEs are entirely horizontal
and have trade patterns identical to domestic firms; consequently, their productivity shocks do

not significantly affect trade.

As robustness tests, Figure [Appendix D.I| shows that supply shocks consistently contributed

more to the trade collapse than demand across various extended MP model specifications. These
specifications include: (1) CES production functions; (2) international capital flows and risk shar-

ing; and (3) firm entry and exit into production and tradeﬁ

Figure[Appendix D.2[shows a further counterfactual: if calibrated supply shocks had not hit the

global economy, trade would have recovered more in the baseline MP model. Trade-only models
or MNE models without sourcing and selling efficiencies would attribute greater trade recovery to

the absence of demand shocks ]

Impact of Different Shocks on GDP, MP, Trade. Table|Appendix D.§ shows that shocks affecting

MNE productivity relative to domestic firms individually explained 66% of global GDP decline

during the Great Recessionﬁ This impact is comparable to domestic productivity shocks, which

41The model computes outcomes after 2009 by using its predicted counterfactual 2009 level as the initial value
and applying factual shocks after 2009.

42Quantitatively, Table shows demand shocks explained 44% of the trade collapse in the baseline
MNE model, 33% in the trade-only model, and 33% in the MNE model without sourcing and selling efficiencies.
Supply shocks explained 68% of the trade collapse in the baseline MNE model, 8% in the trade-only model, and
21% in the MNE model without sourcing and selling efficiencies. Overall, supply shocks consistently contributed
more to global GDP decline than demand shocks during the Great Recession.

43Quantitatively, across all extended MNE models, demand shocks accounted for about 45% of the trade collapse,
while supply shocks’ contributed from 45% to 90% (Table . In the model with international capital
flows, supply shocks contributed less to the trade collapse due to international risk sharing, compared to other
MNE models. Despite this, supply shocks still affected trade collapse by a magnitude higher than demand shocks.

44Table shows that removing demand shocks would have increased 2009’s global trade by 2-4%
relative to global GDP, recovering 18-32% of the Great Recession’s trade loss. In trade-only models or MNE models
without sourcing and selling efficiencies, removing supply shocks would increase 2009’s global trade by only 1%
relative to global GDP, recovering just 8% of the trade loss. However, in the baseline MNE model, removing supply
shocks would have increased 2009’s global trade by 7% relative to global GDP, recovering a substantial 60% of the
trade loss. Table further shows that the baseline MNE model’s high contribution of supply shocks
to trade is robust across other extended MNE models.

45Table shows that MNE relative productivity shocks contributed a lower share to global GDP in
the MNE model without sourcing and selling efficiencies, at 23%. These shocks contributed to global GDP by a
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individually accounted for 70%.@ In contrast, final demand and labor supply shocks did not
significantly contribute to global GDP["|
An intuition underlies the large effect of MNE productivity shocks on GDP: From 2008 to

2009, world GDP declined by 1.4% with MP fell 9% more than GDP. Given foreign affiliate

sales constituted 12.5% of world output in 2007, MP’s approximate contribution to world GDP

(excluding general equilibrium effects) is calculated as: (1712.5%1)2*51%’1%10(‘;%;/55“0. 1 = 51%. This large
effect is also supported by the variance decomposition exercise of GDP change into different supply
shocks and find MNEs contributed about 40% (Equation [L6)).

As supply shocks include both domestic and MNE productivity shocks, they collectively im-

pacted the trade and MP collapse more than demand. Table |[Appendix D.8| shows that, for the

trade collapse, demand shocks accounted for 44%, domestic productivity shocks for 43%, and MNE
productivity shocks for 51%.@ For the MP collapse, demand shocks accounted for 41%, domestic
productivity shocks for 71%, and MNE relative productivity shocks for 37%. Consequently, the

MP collapse was also predominantly supply—driven.@

Figure[Appendix D.4|{shows that shocks to MNE sourcing and selling efficiencies increased trade

and MP relative to GDP. As these efficiencies declined for non-headquarters countries, MNEs trade
more with headquarters and became more vertical, while domestic firms increased local sourcing

and selling. MNE trade hence exhibited greater resilience than domestic firms’ trade.

Relate Shocks to Economic Indicators and Policies. To link model shocks with actual economic
indicators and inform policy, I conduct a variance decomposition exercise similar to |Levchenko
et al| (2010) and [Levchenko et al| (2011)). Using cross-6-digit NAICS sector variations from

US NBER CES data, I regress filtered sectoral demand shocks, domestic productivity shocks,

magnitude similar to the baseline MNE model (60% to 70%) in other extended MNE models.

46The individual impact of MNE relative productivity shock and domestic productivity shock add up to more
than 100% because more productive domestic firms would reduce the impact of shocks to MNEs.

47This finding is consistent with the macroeconomic business accounting literature, particularly Brinca et al.
(2016)), who, when comparing the Great Recession to previous ones, found smaller global labor wedge effect but a
larger effect of the efficiency wedge on GDP.

48Table shows that MNE relative productivity shocks contributed a significantly smaller share
(13%) to the trade collapse in the MNE model without sourcing and selling efficiencies. In contrast, these shocks
explained 40% to 50% of the trade collapse in other extended MNE models.

49Table also shows that these productivity shocks had similar effects on the MP collapse in extended
MNE models.
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and MNE productivity shocks on a comprehensive set of sectoral characteristics (see Table [3)).

With the estimated coefficients, I then construct each sector characteristic’s importance for the

calibrated shocks [

Table 3: Industry Characteristics’ Predictive Power for Demand, Domestic Productivity, and MNE
Relative Productivity Shocks

Shock Type  Asset Tang. Capital Inten. Contract Inten.. Exter. Fin. Depen. Interm. Inten. Inven. Ratio Skill Inten. Trade Credit Inten. Trade Inten. Upstream Demand Policies Supply Policies MNE Policies
Demand 0.015 0.290 0.305 -0.000 0.087 0.042 0.145 0.060 0.051 0.001 0.741 0.095 0.113
Domestic Prod.  -0.033 0.006 -0.000 0.000 0.062 0.441 0.019 0.017 0.119 0.366 0.025 0.926 0.503
MNE Prod. -0.029 0.134 0.029 0.063 0.000 -0.004 0.007 0.166 0.377 0.254 0.171 0.627 0.798

Notes: This table presents the predictive power of various industry characteristics for demand, domestic productivity, and MNE relative
productivity shocks. These sector characteristics include: include sectoral asset tangibility, capital intensity, contract intensity, external
finance dependence, intermediate input intensity, inventory ratio, skill intensity, trade credit intensity, and sector upstreamness. Their
contributions, computed using Equation sum to one across all characteristics. Demand policies aim to mitigate firm
performance differences related to variations in capital intensity, skill intensity, and low-contract-intensity. These policies mitigate
74.1% of actual demand shocks, 2.5% of domestic productivity shocks, and 17.1% of MNE relative productivity shocks. Supply policies
address firm performance differences stemming from variations in inventories, trade intensity, and upstreamness. They mitigate 92.6%
of domestic productivity shocks, 9.5% of demand shocks, and 62.7% of MNE relative productivity shocks. MNE policies target firm
performance differences linked to variations in trade intensity, trade-credit intensity, and upstreamness. They reduce MNE relative
productivity shocks by 79.8%, demand shocks by 11.3%, and domestic productivity shocks by 50.3%.

Table [3] identifies capital intensity, skill intensity, and contract intensity as the most important
sector characteristics for final demand shock, explaining 29%, 15%, and 30% of cross-sector vari-
ationﬂ For supply shock, inventory intensity, trade intensity, and sector upstreamness are most
important, accounting for 44%, 12%, and 37% of cross-sector Variation.ﬂ For MNE relative pro-
ductivity shock, trade intensity, sector upstreamness, and trade credit intensity are key, explaining

38%, 25%, and 17% of cross-sector variation ]

Supply, Demand, and MNE Policies. 1 define demand policies as mitigating firm performance
differences from variations in capital, skill, and contract intensity; supply policies as targeting
variations in inventories, trade intensity, and upstreamness; and MNF policies as targeting trade

intensity, trade-credit intensity, and upstreamness.@

50T leave details of the decomposition to Section |Appendix D.ll

51Tableshovvs that capital- and skill-intensive sectors had larger declines in final demand, consistent
with [Levchenko et al.|[2010] and others finding larger final demand shocks in durable manufacturing. In contrast,
sectors with higher contract intensity had smaller demand declines, supporting findings by [Rauch| (1999) and [Nunn
(2007) on the resilience of relationship-specific trade.

°2Table shows that sectors with higher inventory intensity, trade intensity, and upstreamness
experienced larger declines in domestic productivity. This suggests that financially constrained sectors with greater
inventory holdings were more vulnerable during the Great Recession (Manova et al., 2015). Trade-intensive and
upstream sectors faced greater productivity losses due to supply chain disruptions.

53Table shows that MNEs had a comparative advantage over domestic firms in sectors with higher
trade intensity and greater trade credit needs, consistent with cross-country evidence in Section and
findings by |Alfaro and Chen| (2012). However, MNEs in more upstream sectors experienced larger productivity
declines relative to domestic firms.

54 Demand policies mitigate 74.1% of actual demand shocks, 2.5% of domestic productivity shocks, and 17.1% of
MNE relative productivity shocks. Supply policies mitigate 92.6% of domestic productivity shocks, 9.5% of demand
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Figure [Appendix D.3| shows that in the MNE model, supply policies lead to a greater trade

recovery during the Great Recession, whereas demand policies lead to a greater trade recovery

in the trade-only model@ Table |[Appendix D.10| shows the baseline MNE model predicts supply

policies would have increased 2009 global GDP by 1.75%, fully recovering the Great Recession’s
GDP loss. In contrast, the trade-only model under-predicts supply policies’ impact on global
GDP by half and predict a mere 63% recovery of global GDP loss, as they did not account for the
positive impact of supply policies on MNEs.

MNE policies, which could have boosted MNE performance relative to domestic firms in less
trade-intensive, less trade-credit-intensive, and more upstream sectors, would have increased 2009

global trade to GDP ratio by 5%, recovering 44% of the Great Recession’s trade loss (Table

[Appendix D.12)). They would also have increased 2009 world GDP by 1.2%, recovering 89% of the

Great Recession’s GDP loss[ In contrast, trade-only model and model without MNE sourcing

and selling efficiencies significantly underestimated the effects on trade (by two thirds) and GDP.

5.2. Propagation of Shocks

This section studies how domestic productivity shocks from top headquarters countries, prop-
agating through MP, amplified their effects on the global economy during the Great Recession. I
compare three scenarios: (1) domestic productivity shocks from top 10 headquarters propagating
through MP and trade; (2) domestic productivity shocks from these headquarters propagating only
through trade (i.e., not affecting MNEs’ productivity in other countries); and (3) final demand
shocks from these headquarters propagating through trade.

When domestic productivity shocks propagate through MP, they affect headquarters country’s

shocks, and 62.7% of MNE relative productivity shocks. MNE policies eliminate MNE relative productivity shocks
by 79.8%, demand shocks by 11.3%, and domestic productivity shocks by 50.3%.

5Quantitatively, Table shows that demand policies would have increased world trade by about
3% relative to GDP and mitigated 20-30% of the Great Recession’s trade loss in both the baseline MNE model
and the trade-only model. However, the two models predict drastically different consequences for supply policies.
The baseline MNE model finds supply policies would have increased world trade by 6% relative to GDP, recovering
53% of the trade loss. In contrast, the trade-only model predicts supply policies would have increased the world
trade-to-GDP ratio by only 2.5%, smaller than demand policies’ effect in this model. Table [Appendix D.11| also
shows that except for the MNE model without sourcing and selling efficiencies, in all other extended MNE models,
supply policies contributed more to trade recovery than demand shocks.

56Table shows that MNE policies could have significantly boosted global trade and GDP across
other extended MNE models, with a magnitude quantitatively similar to the baseline MNE model.
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MNE productivity relative to host country’s domestic firms as follows: =2 = (—)¢ Con-
sequently, as headquarters’ efficiency decreased during the Great Recession, so did their MNEs’
performance, leading to declines in GDP, MP, and trade in host countries.

Figure 6: Propagation through MP Amplified the Effect of Top Headquarters’ Domestic

Productivity Shocks on Other Countries’ GDP

ROUO

o

IRLO

Log GDP in Other Countries (2008-2009), Model

T T T
-1 -.05 0 .05
Log GDP in Other Countries (2008-2009), Data

O Domestic Productivity Shocks Affecting Top 10 HQs, Propagated through MP
O Domestic Productivity Shocks Affecting Top 10 HQs, Not Propagated through MP

Notes: This figure shows the impact of top 10 headquarters’ domestic productivity shocks on GDP across other countries during
the Great Recession under two scenarios: (1) propagation through both MP and trade; and (2) propagation solely through trade.
Actual data is presented on the horizontal axis, while model-simulated outcomes for each scenario appear on the vertical axis. The
dashed line is the fitted regression line. These results reflect the baseline calibration. Their confidence intervals are presented in Table
Append D.14

Figure [6] shows that domestic productivity shocks from important headquarters, when propa-
gated through MP linkages (blue), substantially affected GDP in other countries and explained a
significant fraction of observed cross-country GDP Variations@ Conversely, if these shocks only
propagated through trade, their impact on GDP changes in other countries was minimal compared

to observed GDP variations.

Table [Appendix D.14| confirms these findings: Top 10 headquarters’ domestic productivity

shocks, when propagated through MP, explained 29% of GDP growth, 19% of MP-to-GDP ra-

tio growth, and 5% of trade-to-GDP ratio growth across other countries. In contrast, domestic

5TFollowing |Cravino and Levchenko| (2017); |Alviarez et al.| (2020); [Bilir and Morales| (2020), I assume that the
MNE productivity is Cobb-Douglas in the headquarters domestic productivity and host country productivity:

A A \? 1-¢
Az = (A (Aj j) ¥;i» with ¢ denoting headquarters’ share in MNE productivity and estimated in Section
ppendix C.

**Figure|Appendix D.5|shows the impact of domestic productivity shocks from top 10 headquarters (1) propagated
through both MP and trade or (2) propagated through only trade, on MP and trade in other countries.
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productivity shocks propagated through trade only, or final demand shocks propagated through
trade, barely affected other countries” GDP, MP, or trade variations.

Table 4: Global MP and Trade Collapse Decomposition: Between-country and Within-country
Components in Data and Different Shock Scenarios

MP/Trade Declined More in Larger Countries GDP Declined More in MP/Trade Intensive Countries Within-country Total
Scenarios Level (p.p.) Share (%) Level (p.p.) Share Level (p.p.) Share Level (p.p.)
MP Collapse

Data -1.958 114.1 -0.835 487 1.077 -62.8 -1.716

Domestic Productivity Shocks in Top 10 HQs -0.336 73.0 -0.076 16.3 0.055 10.7 -0.357
Prop. through MP [0.347, -0.324] [66.0, 80.0] [:0.083, -0.069] 9.8, 22.8] 0.012,0.098]  [-2.6,24.0] [0.393, -0.321]

Domestic Productivity Shocks in Top 10 HQs -0.270 6.9 -0.054 -15.1 0.032 108.3 -0.292
Not Prop. through MP [:0.345, -0.196] [-62.4, 76.1] [-0.096, -0.011] [-64.9, 34.6] [:0.262, 0.327] [-10.7, 227.2] [-0.489, -0.095]

0.0 y . X L 09

Final Demand Shocks in Top 10 HQs 0020 LLS 0.004 01 0190 943 0206

[:0.026, -0.014] 24,212 [:0.008, 0.016] [10.3, -1.9] [0.247,-0.133]  [88.9,99.7 [-0.247, -0.165]
Trade Collapse

Data 0.753 -23.5 -0.202 6.3 -3.751 1172 -3.201

Domestic Productivity Shocks in Top 10 HQs 0.242 -33.0 -0.126 12.2 -0.912 120.8 -0.796
Prop. through MP [0.221, 0.262) [-34.1, -31.9] [:0.194, -0.057] [10.8,13.7] [-0.987, -0.838] [118.5, 123.0] [0.879, -0.714]

Domestic Productivity Shocks in Top 10 HQs -0.045 -44.1 -0.299 30.1 0.072 114.0 -0.271
Not Prop. through MP [:0.735, 0.645] [44.9, -43.3] [:0.345, -0.252) [28.8, 31.4] [1.702, 1.847] [112.1, 115.8] [-1.437, 0.895]

422 425 -0.136 5.0 -1.3¢ 37. -

Final Demand Shocks in Top 10 HQs 0422 125 0136 53 1390 137.2 1104

0324, 0.520] [448, -40.2] [:0.327, 0.056] [14,92] [-1655, -1.126] [131.0, 143.3] [-1.130, -1.077]

Notes: This table presents the decomposition of changes in global trade-to-GDP and MP-to-GDP ratios from 2008 to 2009 across various
scenarios. These include: factual data; domestic productivity shocks in top 10 headquarters (both propagated and not propagated
through MP); and final demand shocks in top 10 importers. As shown by the decomposition formula in Equation , the first component
measures MP /trade decrease in larger countries. The second measures GDP decline in high MP/trade intensity countries. The third
measures the contribution of cross-country average changes in MP and trade as a proportion of GDP. “Level” shows each component’s
contribution to global MP and trade declines in percentage points, while “Share” denotes its contribution share to overall global
declines. Numbers in hard brackets represent 95% confidence intervals, computed from 300 independent draws from the distributions
of externally calibrated parameters: ¢ and {. Since “Share” represents each component’s average share across simulations, its value
does not exactly equal the ratio of the average “Level” to the average “Total” (both averaged across simulations).

MP-Propagated Domestic Productivity Shocks Were Key to the “MNE Resilience Puzzle”. Table[4]
presents a within-between country decomposition of MP and trade collapse from model simulations
(compared to data) under these three scenarios. The scenario with domestic productivity shocks
from top 10 headquarters, propagated through MP, produces a decomposition resembling the data:
MP declines in larger countries, GDP declines in MP-intensive countries, and MNE sales resilience
in an average country. Conversely, domestic productivity or final demand shocks, if propagated
solely through trade, failed to generate the cross-country heterogeneity critical for the MP collapse.

Table 4| also shows that, similar to final demand shocks, domestic productivity shocks from top
10 headquarters propagated through MP caused a significant decrease in trade relative to GDP in
an average country, while producing little cross-country variation in the trade collapse. In contrast,
domestic productivity shocks propagated through only trade did not significantly reduce global
trade or trade collapse in an average country. This once more highlights that MNE productivity

shocks contributed significantly to the trade collapse.
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6. Conclusion

Despite prior research arguing MNE sales showed greater resilience than domestic firms during
the Great Recession, I find global MP plunged by a magnitude similar to the well-known trade
collapse. To resolve this inconsistency (the “MNE Resilience Puzzle”), I conduct a within-between
country decomposition. This decomposition shows the MP collapse arose from substantial MP
declines in key headquarters countries and GDP declines in MP-intensive countries, though MP
was more resilient than GDP for an average country. Prior works, by only uncovering average
resilience, overlooked this important cross-country heterogeneity. I document that MP contributed
to the trade collapse through overall declines in MP sales and MNEs’ higher trade intensity, rather
than a decline in MNE trade intensity.

Adverse productivity shocks from key headquarters that disproportionately impacted MNEs
generated cross-country heterogeneity critical for the MP collapse and, via MNEs’ higher trade
intensity, amplified their impact on the trade collapse. My calibrated quantitative model of MP
and global value chains, with flexible vertical/horizontal MNE structures, finds supply shocks
outweighed demand shocks in trade collapse. This holds for other extended MNE models with
realistically calibrated MNE trade intensity. In contrast, trade-only or horizontal-MNE models find
demand shocks more influential. The MNE model predicts supply-side policies (targeting high-
inventory, trade-intensive, and upstream sectors) would lead to greater trade recovery, whereas
models without realistic MNEs suggest policies targeting demand.

Productivity shocks affecting MNEs contributed over half of global GDP change during the
Great Recession. Policies boosting MNE performance relative to domestic firms in less trade-
intensive, less trade-credit-intensive, and upstream sectors could significantly increase GDP. Mod-
els lacking realistic MNEs significantly underestimate these policies’ positive effects on trade and
GDP. Applying the within-between country decomposition to model-simulated data confirms that
productivity shock propagation through MP was critical for the “MNE Resilience Puzzle.”

This analysis highlights international trade by MNEs as a crucial channel for propagating
shocks across countries and sectors, affecting macroeconomic outcomes. Ignoring the MP margin

can lead to misinterpretations of GDP changes and flawed policies.
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Multinational Production and Global Shock Propagation during the

Great Recession

by Haishi Li

Appendix A. Data Appendix

Appendiz A.1. Countries, Sectors, and Aggregate Patterns of MP and Trade Collapse

The OECD AAMNE data is supplemented with other macroeconomics statistics[] They
include country-sector-level GDP from the UN National Account Database. Country-sector level
employment from the International Labor Organization (ILO), OECD, World Bank, and World
Input-Output Database (WIOD). To analyze how various sector characteristics influence supply
and demand shocks driving the MP and trade collapse, and to inform policy, I collect US NAICS
6-digit level data. This includes: output, input, employment, and price from the NBER-CES
Manufacturing Industry Database; foreign affiliate sales by industry from US BEA; and numerous
measures of sectoral financial constraints (e.g., inventory intensity, external finance intensity, trade

credit intensity) and other sectoral production and trade characteristics.

Employment Data. To gather country-sector level employment data and estimate labor supply
elasticities, I combine information from four sources: the International Labor Organization (ILO),
OECD, World Bank, and WIOD. WIOD is prioritized as it provides comprehensive employment
and wage data for 40 countries across various sectors from 2000 to 2014. For countries not covered
by WIOD, I use the other three sources, which only provide aggregate manufacturing employ-
ment. To disaggregate this to the sector level, I allocate sectoral employment within aggregate

manufacturing based on proportional sectoral exports. For example, for country ¢, observing total

59Standard country-bilateral variables (e.g., distance, common language, and contiguity, trade agreement) come
from CEPII (Head et al.|2010).
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Table Appendix A.1: Country Names and Country Codes

AAMNE countries

Country code

AAMNE countries

Country code

AAMNE countries

Country code

Argentina
Australia
Austria
Belgium
Bulgaria
Brazil
Canada
Switzerland
Chile
China
Colombia
Costa Rica
Cyprus

Czech Republic

Germany
Denmark
Spain
Estonia
Finland

France

ARG
AUS
AUT
BEL
BGR
BRA
CAN
CHE
CHL
CHN
COL
CRI
CYP
CZE
DEU
DNK
ESP
EST
FIN
FRA

UK.

Greece
Hong Kong, China
Croatia
Hungary
Indonesia
India
Ireland
Iceland
Israel

Italy

Japan
Korea
Lithuania
Luxembourg
Latvia
Morocco
Mexico
Malta
Malaysia

GBR
GRC
HKG
HRV
HUN
IDN
IND
IRL
ISL
ISR
ITA
JPN
KOR
LTU
LUX
LVA
MAR
MEX
MLT
MYS

Netherlands
Norway

New Zealand
Philippines
Poland

Portugal
Romania

Rest of the World
Russian Federation
Saudi Arabia
Singapore

Slovak Republic
Slovenia

Sweden

Thailand

Turkey

Taiwan

U.s.

Vietnam

South Africa

NLD
NOR
NZL
PHL
POL
PRT
ROU
ROW
RUS
SAU
SGP
SVK
SVN
SWE
THA
TUR
TWN
USA
VNM
ZAF

Notes: This table presents the names and 3-digit ISO codes of the countries covered in the OECD AAMNE Database.

Table Appendix A.2: Industries in the OECD AAMNE Database

AAMNE industries

Industry name

Durability

AAMNE industries

Industry name

Durability

A

B
C10T12
C13T15
C16
C17T18
C19
C20T21
C22
C23
C24
C25
C26
c27
C28
C29
C30
C31T33

Agriculture

Mining

Food

Textile

Wood

Paper

Petroleum
Chemicals

Plastic

Minerals

Basic metals

Metal products
Electronic & Optical
Electrical equipment
Machinery n.e.c
Auto

Other Transport & Other mfg

Manufacturing n.e.c and recycling

Non-manufacturing

Non-manufacturing

Non-durable
Non-durable
Durable

Non-durable

Non-manufacturing

Non-durable
Non-durable
Durable
Durable
Durable
Durable
Durable
Durable
Durable
Durable
Non-durable

DTE

F

G

H

I
J58T60

J61
J62T63

Electricity
Construction

Retail

Transport

Hotels

Publishing & media
Telecommunications
Computer service
Finance

Real Estate

Other Business
Public

Education

Health

Other services

Private

Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing
Non-manufacturing

Non-manufacturing

Notes: 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.

manufacturing employment L;”f 9 T infer employment in a specific manufacturing sector s, L?, by

assuming L] =

EXP? e

EXPimfg )
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Figure Appendix A.1: OECD AAMNE Gross Output Data Correlates Highly with |Alviarez| (2019))
and US BEA Data
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L L L

4
1

Log Headquarters-Host Country-Sector MP Sales (Alvariez 2019)
2
L

(a) |Alviarez| (2019)

6 8
Log Headquarters-Host Country-Sector MP Sales (OECD AAMNE)

10

14
I

12
I

Log Headquarters-Sector MP Sales in US (US BEA)
8 10
L L

(b) US BEA
o s
J o
Q
0//
7
Pl
8
060/0
o0
/G
o0
/O
-
/O
7
7z
<
e
9
Q//
T T T T T
6 8 10 14

Log Headquarters-Sector MP Sales in

US (OECD AAMNE)

Notes: Figure presents the correlation between log headquarters-host country-sector level MNE gross output from
OECD AAMNE and |Alviarez| (2019). I aggregate OECD AAMNE data to |Alviarez| (2019)’s sector classification and average it over
2005-2012, as |Alviarez| (2019) only reports this time average. The two data has a correlation of 0.80. Figure presents
the correlation between log headquarters-sector level sales by foreign MNEs in the US, as reported in OECD AAMNE and by US BEA.
I aggregate the US BEA sectors to OECD AAMNE classification, using common years from 2007-2016. These two data correlates at
0.97. To avoid clutter, I present the binscatter plots with 20 equally sized bins.

Figure Appendix A.2: Global MP and Trade Collapse in the Great Recession by Sector

(a) Durable Manufacturing
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(b) Non-durable Manufacturing
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Notes: The figure shows, by sector, that global foreign affiliate sales and international trade both declined relative to world GDP during
the Great Recession (2008-2009). The data is normalized to 2008 levels, so the figure reflects changes in multinational production (MP)
sales and trade relative to GDP compared to 2008. The data source is OECD Analytical Activities of Multinationals (OECD AAMNE)

Database.
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Granular Sector Statistics and Characteristics. 1 acquire NAICS 6-digit level foreign affiliate sales
and employment data for the US from US BEA statistics. Since US BEA only provides this
data at the NAICS 3-digit level, I disaggregate it by proportionally allocating 3-digit values using

corresponding 6-digit output and employment information from NBER-CES. For a 6-digit sector

VA

s
i7:a%%§§ll¥l§ X ‘/rxllfifj\[ly ELIl(i

nberces

s within a 3-digit sector S, the disaggregation formulas are: VA, g =
Liyng = W X L3 v, Where V A represents value added and L represents employment.

I obtain sectoral output, value added, employment, and price data for the US from the NBER-
CES Manufacturing Industry Database. I gather sector-level measures of financial constraints
(external finance dependence, inventory ratio, asset tangibility, and trade credit intensity) from
Rajan and Zingales| (1995), Manova et al. (2015]), and |Li et al. (2024]). Capital and skill intensity
come from Pierce and Schott| (2018)); contract intensity from Rauch (1999) and [Nunn| (2007);
and sector upstreamness from Antras et al.| (2012). I compute sector trade and intermediate use

intensity using US data for 2007. All data is then concorded to the NAICS 6-digit level using the

concordance from Pierce and Schott| (2012)).

Appendiz A.2. Other Decomposition Results

Proof of Proposition[l. The goal is to prove a decomposition formula that decomposes the change
in the global MP-to-GDP ratio into two between-country terms: (A) MP declined more in larger
countries; (B) GDP declined more in MP-intensive countries; and one within-country term: (C)

average country-level change of MP relative to GDP:

Zﬁil MP; 3009 Zf\; M P; 2008
Zi]\;l GDP; 2009 Zi\; GDP; 2008

GDP; 2009 + GDP; 2008
M P; 2009 Mpi,2008 > /L, GDP; 2009 oIty GDP; 2008
= Ncov;

GDP; 20090 GDP; 9008 2

A: MP Declined More in Larger Countries

M P; 2009 + M P; 2008 N
+ Ncov, GDPiooo9  GDPio00s  GDPioos ' GDP; 2008 n 1 Z ( MP; 5000 MP,; 2008 )
1 N N b)
2 i1 GDPiooog Y ;21 GDP; 2008 2 N &= \GDP;209 GDPi 2008
B: GDP Declined More in More MP Intensive Countries C: Average Change of MP Relative to GDP Across Countries
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70 Term A on the right hand side equals the following:

GDP; 2009 GDP; 2008

Neov: M P; 2009 MP; 2008 >N, GDPisoos ' >, GDPi 2008

7 - 9
GDP; 2000 GDP; 2008 2
N GDP;, 2009 + GDP;, 2008

_ Z ( MPi,2OO9 o MP’i,QOOS ) Zi\rzl GDP; 2009 Zl 1 GDP; 2008 L Z ( MPZ 2009 MPi,QOOS )
— \GDP,; 2009 GDP; 2008 2 GDP; 2009 ~ GDP,; 2008

N GDP,.. DP,
13 MPisosg 1 2im1 MP200GDp s L1 1 i) M P, 2008 G aoes 1 i, MPisgos
==L < N
2 Zi LGDP, 5009 2 > ie1 GDP; 2008 2 Zizl GDP; 5009 25 GDP; 508

Z M P; 2009 M P; 2008
N GDP; 2000 GDPja00s)

71 Term B on the right hand side equals the following:

MP;, MP,
Ncov; GDPiz009  GDPis08 GDP,2005 T CDP.oos
Ei]\il GDP; 2009 Ez]\il GDszzoos 2
N GDP, GDP;
:1 vazl M P; 2009 B lzizl Mﬂ,zoosﬁ L1 ZZ 1 MP; 2009ﬁ B 1 Zivzl MP; 2008
2 Zf\il GDP,; 5009 2 Zf\il GDP; 2000 2 Zizl GDP; 2008 2 ZZI\; GDP; 2008
72 Adding up all terms on the right hand side, we get Equation ([1). [ |

753 Decomposing Within-country Effect into Between-sector and Within-sector Terms. 1 further de-
75 compose the within-country effect from Equation (1)) into three terms: (C.1) MP /trade decline in
755 larger sectors; (C.2) sectoral GDP decline in MP /trade intensive sectors; and (C.3) the cross-sector

756 average of MP /trade decline relative to GDP:

S s S s
MP;i 2000  MP; 5008 _ > am1 M P09 _ > o1 M P} og0g
GDP; 2000 GDP; 2008 Zle GDP; 2009 Ele GDP} 508

s s GDPz 2009 + GDP} 5008
= Scov MPi’2009 MPi,z()og =1 GDP 5009 ZN GDP? 5008
- s s - s )
GDP¢,2009 GDPi,QOOS 2
C.1: MP Declined More in Larger Sectors
M P 5000 M P 5008
22 S
+ Scov GDPf 3009 GDP} 5008 GDPF 009 + GDP? 5008 I Z M Py 5009 MP7 9008
S - 5 — 3
S GDPryyge Yoy GD Py 2 5 GDPiao09  GDPiog0s
C.2: GDP Declined More in More MP Intensive Sectors C.3: Average Change of MP Relative to GDP across Sectors

(Appendix A.1)
7S denotes the number of sectors. M P}, denotes the average of inward and outward MP in country
ms 4, sector s, and year t. GDP;; denotes country 4, sector s* GDP in year .

759 The complete decomposition of global MP and trade collapses involves five terms: between-
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country, within-country-between-sector, and within-country-within-sector:

GDP; 2009 GD Py 2008
1. A: Ncov; MP; 2009 MP; 2008 SN | GDP; 2009 N, GDP; 2008
: : | GDP; 2009 GDP; 2008 2 ’
M P; 2009 M P; 2008
2. B: Ncov; G D P; 2009 i GDP; 2008 GDPi,2009+GDPi,2OOS
o t\ N, GDP; SN . GDP; ) 2 ’
e i,2009 iea i,2008
GDP? 2009 GDP? 2008
5 ~
3. C.1: EZN co MP7 o000 MPPy008 2521 GDPPagoe  Xsh1 GPPPagos | .
’ N n=1 Vs GDP; 5009 GDP} 5005 2 ’
. . MP? 5009 MPF 2008
4. C.2: EZN cov GD P} 5000 o GD P} 5008 GDPJ o009 ' GDPP 5008 | .
. . = s 5 N s ) 9
N £umn=1 o=1 GDP; 5009 2s=1 GDP} 5008 2

N S MP; 5000 MP; 5008
5. C3 kTN T (Gppi — gppie).
N § £un=1 23*1 GDP} 5000 GDP} 5008

Table [Appendix A.3| presents the decomposition results.

Table Appendix A.3: Global MP and Trade Change Decomposition: Cross-Country,
Within-Country-Between-Sector, and Within-Country-Within-Sector Components

‘Within Country Within Country
MP /Trade Declined More GDP Declined More MP/Trade Declined More GDP Declined More Within Country
in Larger Countries in MP/Trade Intensive Countries in Larger Sectors in MP/Trade Intensive Sectors Within Sectors Total
MP 0.020 (114.1%) 0.008 (48.7%) 0.012 (68.8%) 0.003 (17.2%) 0.026 (-148.8%)  ~0.017 (100%)
Trade 0.008 (-23.5%) -0.002 (6.3%) 0.023 (-72.0%) -0.005 (16.1%) ~0.055 (173.1%) ~0.032 (100%)

Notes: This table presents the decomposition of changes in global trade-to-GDP and MP-to-GDP ratios for three periods: the Great
Recession (2008-2009), the post-Recession recovery (2009-2010), and the later trade and MP decline (2013-2016). The decomposition
formula, detailed in Equation and , yields five components: (1) MP/trade decrease in larger countries; (2) GDP
decline in high MP/trade intensity countries; (3) average country-level MP/trade decline in larger sectors; (4) average country-level
sectoral GDP decline in high MP /trade intensity sectors; and (5) the contribution of cross-country, cross-sector simple average. Numbers
outside brackets indicate each term’s magnitude, while those inside denote its percentage contribution.

Appendiz A.3. Contribution of MP to Trade Collapse

This section conducts a difference-in-differences analysis on the impact of MP on the trade
collapse. Similar to the event studies in Section [2.3] I first show that trade by MNEs declined
more than domestic firms. Next, I show that once overall sales by MNEs are controlled for, MNE

trade was more resilient than domestic firms.

10g (T3 6.e) =B™PI{t = 2009} x I{n # j}
+ PI{t = 2009} x I{n # j} X I{m = F} + 65,5 + 0t + €5nji 1

log(T};,,:.0) =B°"PI{t = 2009} x I{n # j} (Appendix A.2)
+ASTPI{t = 2009} x I{n # j} x I{i = F} + 63,5 + 0 + €miico
where m,i € {D, F}.

On the left-hand side, T}’ denotes trade flow from country j’s firms (domestic: i = D, or

mji,t

foreign affiliates: i = F') to country n’s firms (domestic: m = D, or foreign affiliates: m = F)
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Figure Appendix A.3: MP and Trade Collapses were Positively Correlated at the Country Level for
Each Sector
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Notes: This figure displays, on the country level and for each sector, (1) average inward/outward affiliate sales growth and GDP
growth difference; and (2) average imports/exports growth and GDP growth difference between 2008 and 2009. Regressing the MP
collapse on the trade collapse at the country level gives a coefficient of 1.15 and a standard error of 0.48 for durable manufacturing, a
coefficient of 0.87 and a standard error of 0.52 for non-durable manufacturing, and a coefficient of 0.40 and a standard error of 0.23 for
non-manufacturing. The data source is OECD Analytical Activities of Multinationals (OECD AAMNE) Database.

across sectors (s) and years (t). The term I{t = 2009} x I{n # j} interacts a cross-border trade
dummy with a time dummy for 2009, capturing the overall trade collapse. Subsequent terms,
I{t =2009} x [{n # j} x I{m = F} and [{t = 2009} x I{n # j} x [{i = F'}, further interact this
with the importer’s (m) or exporter’s (i) MNE status. These effects quantify how MNE imports

and exports declined relative to domestic firms.

Column 1 of Table[Appendix A.4/shows the trade collapse during the Great Recession. Columns

2 and 3 show that MNE imports and exports declined more significantly than those by domestic
firms during the Great Recession, which shows that MP contributed to the trade collapse.
To disentangle two potential channels: (1) MNE overall sales declined and they are more

intensive in trade than domestic firms, and (2) MNE trade intensity (trade to overall sales ratio)
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Figure Appendix A.4: Positive Correlations between Annual Country-level MP-to-GDP and
Trade-to-GDP Ratio Changes
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Notes: This figure displays, on the country level, (1) average inward/outward affiliate sales growth and GDP growth difference; and
(2) average imports/exports growth and GDP growth difference. Regressing the MP collapse on the trade collapse yields a coefficient
of 0.35 and a standard error of 0.07. The data source is the OECD Analytical Activities of Multinationals (OECD AAMNE) Database.

declined relative to domestic firms, I consider the following regression:

Vog(T5mji0) =B""PI{t = 2009} x I{n # j} + 6" I{t = 2009} x I{m = F}
+ "It = 2009} x I{n # j} x I{m = F} + 65,50 + 0t + €5iiss
10g(T 5 mi.0) =BPI{t = 2009} x I{n # j} + 0°"PI{t = 2009} x I{i = F'} (Appendix A.3)

+ ,yexpﬂ{t — 2009} X ]I{’I’L £ ]} X H{z = F} + 5iji + 0 + Gfmlji,ta

where m,i € {D, F}.

Compared to Equation (Appendix A.2)), T include additional terms I{t = 2009} x I{m = F'} and

I{t = 2009} x I{i = F'} to capture the overall sales decline by MNEs. Columns 4 and 5 of Table

[Appendix A.4| reveal that, once these terms are controlled, MNE trade was more resilient than

domestic firms’ trade. These findings demonstrate MP contributed to the trade collapse through
MNEs’ overall trade declines, not through a fall in MNE trade intensity. Columns 6 and 7 pool

MNE import and export effects, confirming the robustness of previous findings.

Appendixz A.4. Cross-sectional Facts about Multinational Production

Figure [Appendix A.5al shows that MP is most intensive in durable manufacturing sector.

Foreign affiliates account for 14% of gross output in non-manufacturing sector, 27% in non-durable
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Table Appendix A.4: Impact of MNEs on Trade Collapse

(1) 2) 3) (4) (5) (6) (7

10g(T5m_;'i,t)
I{t = 2009} x I{n # j} -0.1680%**  -0.1521%*F  -0.1614***  -0.1625%**  -0.1709***  -0.1459*%**  -0.1632***
(0.0193) (0.0196) (0.0197) (0.0210) (0.0208) (0.0201) (0.0222)
I{t = 2009} x I{n # j} x {m = F} -0.0566*** 0.0386 -0.0563*** 0.0273
(0.0104) (0.0309) (0.0103) (0.0304)
I{t = 2009} x I{n # j} x I{i = F'} -0.0205%* 0.0732%* -0.0196* 0.0613*
(0.0104) (0.0338) (0.0103) (0.0336)
I{t = 2009} x I{m = F} -0.0952%** -0.0836***
(0.0291) (0.0286)
I{t = 2009} x I{i = F} -0.0937*** -0.0809**
(0.0321) (0.0320)
nxmxjxixsFE v v v v v v v
t FE v v v v v v v
Observations 125316 125316 125316 125316 125316 125316 125316

Notes: This table reports the regression results of Equations (Appendix A.3) and (Appendix A.2). The regression is weighted on sum
of pre-period trade value (2322%06 T’fslmij,t)' Robust standard errors clustered at the importer country-importer firm type-exporter
country-exporter firm type-sector (nmjis) level are displayed in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. The sample is
restricted to year 2007, 2008 and 2009.

manufacturing sector, and 33% in durable manufacturing sector.@

Figure [Appendix A.5b| 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.ﬁ

To supplement these analysis, I further investigate the relationship between MNE status and
trade on the firm level. I take advantage of Chinese firm-level databases, including the Annual Sur-
vey of Chinese Manufacturing Database for business statistics, China Customs Records Database

for import /export transactions, and the Foreign-Invested Enterprise Survey Database for owner-

60Tn addition to visualization with Figure |Appendix A.5al I also consider the following regressions:
Sesyv = P11(s = Durable manuf) + 5>1(s = Non-durable manuf) + 6. + ; + €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 81 = .176(.003), B2 = .120(.003) for gross output, 8; = .076(.002),
B2 = .031(.002) for total intermediate input expenditure, 81 = .133(.005), B2 = .057(.005) for exports, and
B1 = .074(.003), B2 = .019(.003) for imports.
61These statistics are presented for the top ten countries in terms of GDP (in 2007) for the purpose of visualization.
621 consider the following regression:

Sesyv = P11(v = Total expenditure) + S21(s = Export) + S31(s = Import) + 6. + vs + Cy + €csyw

where Sy 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), B2 = .097(.005), B3 = .062(.005) with standard errors in
parenthesis.
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Figure Appendix A.5: Foreign Affiliate Shares by Sector and Country

(a) Foreign Affiliate Shares by Sector (b) Foreign Affiliate Shares by Country

.6
!

4
L

Foreign Affiliate Shares in Sectors
2
1

Foreign Affiliate Shares by Country

o 4

Durable Manuf Non-durable Manuf Non-manuf JPN KOR IND RUS CHN ITA USA MEX BRA ESP DEU FRA AUS GBR CAN
I Gross Output [ Total Expenditure I Gross Output [ Total Expenditure
I Export [N Import I Export [N Import

Notes: 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.

ship nationalities of foreign affiliates in China. Adopting the empirical strategy from ,
I establish two key facts regarding foreign affiliates’ importing and exporting decisions: First, even
accounting for firm-level characteristics, foreign affiliates are significantly more likely to trade and
trade in greater volumes than domestic firms. Second, when controlling for firm and trade partner
fixed effects (importing origin/exporting destination), foreign affiliates are significantly more likely
to source from or sell to their headquarters and proximate countries.

These findings suggest MNEs encounter headquarters- and trading partner-specific transaction
frictions in global sourcing and exporting, as modeled in Section 3] MNE selling frictions may stem
from factors such as distribution network costs, marketing expenses, or limited consumer preference
knowledge to approach markets different than their headquarters. MNE sourcing frictions could
arise from technology incompatibility, regulatory differences, or insufficient information on global
sourcing options in countries further away from their headquarters.

My first empirical finding is that, accounting for firm-level characteristics, foreign affiliates
are significantly more likely to import and import more than domestic firms. I regress import
behavior (a dummy for importing, and the share of imported intermediate input in total sales,
both in level and log forms) on the firm’s foreign affiliate status. Controls include the firm’s

employment, capital, intermediate input, TFP, and 2-digit industry fixed effects:
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Sy =p1 (Foreign subsidiaryf) + B2 log (Empf) + B3 log (Capf) + B4 log (Interm;) + B5log (TFPy) + FE 4 + €y,

where Sy denotes whether the firm imports: 1 (Imp) s> the share of imported intermediate input

. Im . Im
in firm sales: Sﬁ, or the share in log: log ( et ).
ales ¢ Sales

Table [Appendix A.5|reveals a strong positive correlation between foreign affiliate status and a

firm’s import activity, including both the importing decision and the share of imported interme-
diate input in total sales. On average, foreign affiliates are 36% more likely to import (Column
1). They show a 14 percentage point higher share of imports in total sales (Column 2) and are
187 percent more likely to have positive imports (Column 3).

Table Appendix A.5: Conditional on Firm-level Characteristics, Foreign Affiliates Import More

1) (2) 3)

Imp Imp
1 (IHlp)f Salesff lOg (Salesff )
1(Foreign subsidiary)s  0.360%** 0.140%** 1.870%**
(0.00840) (0.0174) (0.103)
log (Empy;) 0.0102%%*  0.0139** -0.100

(0.00342)  (0.00647) (0.107)

log (Capy) 0.0213%F*%  0.00841***  (.302%+*
(0.00232)  (0.00179) (0.0432)

log (Interm;) 0.0201%***  -0.0144** -0.269**
(0.00160)  (0.00669)  (0.114)

log(TFPy) 0.0118%** 0.000381 -0.244%*
(0.00207)  (0.00391)  (0.104)

2-digit sector FE v v v

Observations 139613 139613 16518

Notes: The table shows the correlation between importing and foreign affiliate status. Total Factor Productivity (TFP) is estimated
with the |Olley and Pakes| (1996) method. 2-digit sector fixed effect is controlled. I exclude the state-owned firms, processing traders
and firms in the exporting zones. ***p < 0.01, **p < 0.05, *p < 0.1.

Next, I show that, conditional on importing, foreign affiliates (headquartered in country m and
operating in China) source more from their headquarters and from countries proximate to their
headquarters (j). For dependent variables, I use an import dummy for origin country j and the
corresponding import values. I regress these on whether the importing origin is the headquarters
and the distance between m and j. I also include controls for common language, common border,

and common legal origin shared by m and j. Origin fixed effects account for bilateral trade costs
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Table Appendix A.6: Conditional on Importing, Foreign Affiliates Import More from the
Headquarters and the Origin Countries Closer to the Headquarters

M) @) 3 )
Full sample m#j Full sample m#j
1(xfmi >0) L(zgmy >0) log(wsmi) log(xsmg)

1(m =j) 0.130%** 2.456%**

(0.0244) (0.214)
log (Dist,,;) -0.00278%** -0.1927%%*
(0.000579) (0.0361)
1 (Common Langmj) 0.000317 0.0861
(0.000610) (0.136)
1 (Contiguity,, ;) 0.0127%** 0.162
(0.00317) (0.152)
1 (Legal,,,;) 0.000428 -0.0610
(0.000915) (0.0851)

f FE v v v v

j FE v v v v

Observations 3889704 3889704 25428 25428

Notes: The table shows conditional on importing, the correlation 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 head-
quarters. Standard errors are clustered on the headquarter-origin level. Firm and sourcing origin fixed effects are controlled. 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). ***p < 0.01, **p < 0.05, *p < 0.1.

g3 from the sourcing origin to China, while firm fixed effects control for potentially confounding firm
sz« characteristics. Thus, variation is captured within firm, across the foreign affiliate’s headquarters

s3s  and different sourcing origins. The regression specification is:

Stmj = B1l(m = j) + B2 log (Disty,;) + B3l (Common Langmj) + B4l (Contiguitymj) + B51 (Legalmj) +0r+ G+ €£.my,

s where Sy ,,; denote whether the firm f that is headquartered in country m and hosted in China
e imports from country j: 1(xs,,; > 0), or the log value of the firm f that is headquartered in

g3 country m imports from country j: log(z fm;).

839 Table [Appendix A.6| shows that, conditional on importing, foreign affiliates are, on average,

s0 13 percentage points more likely to source from their headquarters (Column 1), and source 246%
s more from headquarters than non-headquarters (Column 3). Columns 2 and 4 indicate that a one
sz percent increase in distance between the headquarters and sourcing origin is associated with a 0.3

a3 percentage point decline in sourcing probability and a 0.2% decline in importing values.

844 Tables |[Appendix A.7] and [Appendix A.8| present counterpart results for exports: foreign af-
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sas  filiates are more likely to export and export greater values than domestic firms. Conditional on

sas  exporting, they export more to their headquarters and countries proximate to their headquarters.

Table Appendix A.7: Conditional on Firm-level Characteristics, Foreign Affiliates Export More

(1) (2) ®3)
Ex; Ex
1 (EXP) f Sal:sff log ( Sal:sff )

1(Foreign subsidiary);  0.338%%%  0.254%%%  .962%%*
(0.0122)  (0.0313)  (0.0705)

log (Emp,) 0.0314%%%  0.0407%FF  0.259%%*
(0.00293)  (0.00903)  (0.0459)

log (Cap;) 0.00953%%%  -0.00346  -0.170%**
(0.00270)  (0.00269)  (0.0331)

log (Interm;) 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)

2-digit sector FE v v v

Observations 139613 139613 19569

Notes: The table shows the correlation between exporting and foreign affiliate status. Total Factor Productivity (TFP) is estimated
with the |Olley and Pakes| (1996) method. 2-digit sector fixed effect is controlled. I exclude the state-owned firms, processing traders
and firms in the exporting zones. ***p < 0.01, **p < 0.05, *p < 0.1.

Table Appendix A.8: 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
1(@pni >0) 1(zpni>0) log(xsni) log(zsni)
1(n =) 0.124%5% 161375
(0.0244) (0.157)
log (Disty;) -0.00128** -0.0538%**
(0.000509) (0.00535)
1 (Common Lang,,;) -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)
f FE v v v v
n FE v v v v
Observations 3889704 3889704 25428 25428

Notes: The table shows conditional on exporting, the correlation 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 exporting destination and the
headquarters. Standard errors are clustered on the headquarter-destination level. Firm and export destination fixed effects are
controlled. 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). ***p < 0.01, **p < 0.05, *p < 0.1.
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g7 Appendix B. Theories and Derivations

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

849 In this section I derive a micro-foundation for the sourcing problem in Section [Appendix A.8§|

g0 1t builds on [Eaton and Kortum| (2002) and Ramondo and Rodriguez-Clare (2013). Assume a
es1 downstream MNE from country m located in country n produces its composite goods with a

g2 continuum of measure one products:

Qi = (/ (@ () dw)”nl.

s

3 For each product, it draws a random productivity shock, 27, .; for all upstream host countries

s

s and headquarters. Assume 2, .; is distributed multivariate Fréchet, with joint distribution:

1-p; \ 1—po

N N

I—pgo
F (Zmge) =exp | = | D (Z (Zfzmji)_lepl> ;

j=1 \i=1

sss  where p; governs the correlation across technologies, and py governs the correlation across pro-
sss duction locations.

857 Similar to |Ramondo et al. (2015), the marginal distribution is also Fréchet. Fix a source
sss technology I. The cumulative distribution function (CDF) of drawing technology shock 2, for

0 1 equals, by taking 2, — 00, Vi # I:

N , 1—po
N 1=
F ({anjI}jzl) = eXp - Zznwle;O
J=1

so  Therefore, the productivity draws for all host countries given a headquarters is still multivariate
ssr  Fréchet with correlation pg across production locations.
862 Now fix a host country J. The CDF of drawing technology shock z,,,;; for J is, taking

863 Znmgji —7 OO,Vj 7é J:

20



F ({anji},f\il) = exp (— (i z;n;(%l> 7 1) .

=1

sss T'he productivity shock draws for all technologies given a production location is still multivariate
ss  Fréchet with correlation p; across headquarters.
866 The price for the downstream MNE from m in n to get a unit of intermediate input from the

g7 upstream MNE 77, whose productivity is z° equals:

nmji’

s s s 18 s
anh’mjkn]tn] 6]1

AS S

i nm]z

se 10 derive the sourcing shares, first consider the probability that MNE nm’s composite goods

is no larger than p:

H2.hy kDt .07
sz (p) —1-F {Zflmﬂ _ ni qusn] nj JZ}
P Vi, j

:1—eXp( q)flmp)

869 price an,

870 where

N S 1S 1.5 48 s -7\ o
Z Z (anhmjkn]tn]@ﬂ> o
j=1 Aji

=1

s The probability that MNE nm sources from ji is calculated as follows. Consider the probability

sz density function of z;,, . as the partial derivative of F ( nmﬂ) with respect to z;,,.;:
PO—P1 1-p; ) —PO
. . N L PO N L 1-pg
Fji (anjl) =0 (anjl Z nm]z o Z Z nmjz pl
i=1 j=1 Li=1

1—pq 1—po

N N 1—po
eXp Z [Z TL77L] L ]

j=1 Li=1

sz Therefore, the probability that z° .. = z and ji is the least costly supplier is the following:

nmji

o1



874

875

876

877

878

879

880

s 7 s 4s s
Hni'hmj’knj’tnj’@j'i’
s

B s _ 34!
Eji | Znmgrir = 3 by, kst 05, ©
AS
0 7’30 21 o 1*;71 —Po
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Integrating this from 0 to oo gives us the probability nm sources from ji. Note that

0
Aﬁ Aji

Therefore,

s 1 s 4s s
Hyhe ket ©5r
5

%) s,
F" ZS Sril = E S z
/z:o ji | Fnmgjti B ka0
i
PO—P1
s 1,s s 48 s 71*901 N s 1,8 s 48 s 71*991 1=¢o
(HEh 05 3 HE hs, kS 1,05, P
- AS AS nm .
Ji i=1 3’1

To derive expenditure shares from this probability requires information about the distribution of
prices conditional on the sourcing decision. The probability that the price facing nm is no higher
than p, and nm optimally sources ji, equal the following:

H? ,h® k% ,t° . ,0%.
mj! Bt gt it

ni’

oo As
s
F-- 25 = 72 z | dz
5iP i
H& /h:.”]/ks /t:L /@é/ /
00 A,
_ B s _ g’ S
- / Fjl anj’i’ - H3 . hs k5 .t @~ z | dz Gnm(p)
.20 niP Kyt

]l

This implies that, the conditional price distribution is the same as the unconditional price distri-

bution. Therefore, similar to |Eaton and Kortum (2002), the current setting also yields the result
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that the quantity shares are the same as the expenditure shares.

Relabel —ﬁ =1—( and —ﬁ =1 — 0. The expenditure share by nm on ji equals:

H

—
T A -
(ZN (Hnih'r Jk Jt 191 ) (Hm fn]kfw Tw@j ) ¢
=1 AS. —_——
ji AS.
s ji
71— P gp—

nmJji 1-0o

1-0 . 1-¢?
L 1-¢\ 1-¢ N H2 he kS .15 0%
N N Hﬂlhm]kn]tnjejl Z__ _nimj 'nj nj “ji
Ej:l <Zi—1 (A i=1 A

Ji

s
T nmj

which is the same as the one in the text.

Appendiz B.2. Market Clearing Conditions

The labor market clearing condition in j is the following:

S S

N N
wiL; = ;Z Z KomTomg (Appendix B.1)
. . XS ﬂ.S . . .
On the right-hand side, Zgzl —"L denotes the pre-tariff trade flow from country j to country
nj

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 composite goods equals the following:

s’

X5 =1;s3s% + Z §'s Z Z nff fm]i- (Appendix B.2)

s'=1 m=1n=1 n_]

The equilibrium is defined by a set of global prices, including wage {w,}, producer price index
{Ps’p } and composite goods price {P? }, such that the MNE sourcing and output shares follow

Equation @D and , the final expenditure shares follow Equations , and labor and composite

goods markets clear, following Equations (Appendix B.1)) and (Appendix B.2]).

Appendiz B.3. Solving Model in Changes

The change in sourcing capability equals the following:
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(Appendix B.3)

897

898

(Appendix B.4)

g0 The change in MNE sourcing share equals:

N NN N 1—0o
g (B
7Tnmj =

njng
“ 1—0o ?
s

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

900

R 1—0o N N R . R 1—0o
(i) = Do mamghing (kisfnsBi?)

(Appendix B.5)
j=1

901

The change in MNE-bilateral sourcing share equals the following:

A8 ] Qs
7Tnmji - ﬂ—nijnji'

w2 The counterfactual MNE sourcing and output shares equal the following

s/ _ S aC)
anj - ﬂ—nmjﬂnmj’
Qs! __ Qs Qs sl _ s ~s
903 Snji = SnjiSan-, as well as Tomii = Tomgi Tomiji-
904 The change in sectoral final expenditure share equals:
R 1—-X
AS S
.o (m) .
s = —— (Appendix B.6)
(7.)
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where the change in country n’s consumer price index equals:

E S AS S
SVL n P7

The counterfactual sectoral final expenditure share equals the following:

AS ps  \1-6
8= W. (Appendix B.7)

This defines the sectoral final goods price: (P#)'=0 =N o8 (Ps y1-9,

m=1 CYnm

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

the following:

N N / /

- X3 s
~S8Ts, STS _ . slTs __ 8 nm’' nmj
W5 Ljwi Ly = wi' L =7 Y 0 D L =5,

m=1n=1 njy

where the change in labor supply equals:

65

(Appendix B.8)

Market clearing condition for composite goods is the following:

S/

s/ ! sl s/ § E 2 nm s/
X I]SJ ]7,+ 'Y nm]z’

s'=1 m=1n=1 "LJ

where counterfactual household income equals:
s

I, = Z( flgs)”’ wi L Ly + R, + D), + T}, (Appendix B.9)

s=1
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in which counterfactual tariff revenue equals:

.S/

S N N
!/ § :2 : § : s/ 7’]
Rn - nm nrnj tz;/ ?
s=1j=1m=1 nj

and labor income tax rebate equals the following:

T =3 [1- ¥ wyry.

In order to solve the counterfactual equilibrium, we have to know the baseline MNE sourcing

share, 7 .. MNE output share, S?.

nmgj» njis and final expenditure

sectoral final expenditure share, s7,

share on MNE-specific composite goods, s; .. On top of that, we have to know the baseline labor
income w;L;, labor supply parameter &7, and tariffs.
The shocks to the system of equations include: (1) MNE sourcing shock, A, (2) MNE selling

shock, H,;, (3) MNE relative productivity shock, =2, (4) labor supply shock, ffl, (5) final demand

7As7

shock for MNEs, a2, (6) sectoral final demand shock, &2, (6) domestic productivity shock, fljj,

nm7

(8) non-tariff trade cost shock, k2., (9) tariff shock, £

ngs

vi » as well as (10) trade deficit shock, Dy,.

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

clearing conditions hold for the counterfactual equilibrium.

Appendix B.4. The Model without MNFEs in Changes

The change in country n’s composite goods price equals the following:

Y N As 1—0
(Pi)l —3 s, (k;]t;]js> ,

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

price:

The change in the expenditure share by country n on country [ equals:

1-0o
s,p
A (kfl]tfljp )

Tnj = 1—0o
(72)
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o2 The change in the final expenditure share equals the following:

a3 with the change in the consumer price index equal:

S
(P7L)17)\ = Zside(P;)liA'

s=1

s« The counterfactual sectoral final expenditure share equals the following:

a5 The labor market clearing condition in the counterfactual equilibrium equals the following:

N s/ sl
Erusls = wyLy =2 3 20
Wity =Wy by =1 sl

n=1 nj

a3 The change in labor supply equals:

os7 ' The market clearing condition for composite goods in the counterfactual equilibrium equals the

as  following:

S N Xs/,
st __ 718! s's n _s't
XJ =0+ YD T
s'=1 n=1 "1J
s30  where the counterfactual household income equals:
S 1
e .
1= (68) " wiLis Ly + R, + D), + T,
s=1
wo in which the counterfactual tariff revenue equals:
S N /5!
X3
/o 1 < n ng
Bo=> > i
s=1 j=1 nj

o7
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and the labor income tax rebate equals the following:
s 1
=3 [1-€)]wiry.
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.

Appendiz B.5. The Model without MNE Sourcing and Selling Frictions in Changes
The change in sourcing capability equals the following:

/

S ss
A~ s AS/ A/j
05 = ()" 1] (Pj ) :
s'=1

Note that without heterogeneous MNE sourcing efficiencies, the composite goods price is not

MNE-specific.
The change in the output shares of ’s MNE in country j:

AN
J
Ss <A§7>

RN e
(%)
Without heterogeneous MNE selling frictions, an MNE’s share in host country’s exports is the

same regardless of the destination. The change in country j’s producer price index equals the

following:

A S
67'
AS

p&p 17(_ N SS , 1—-¢
() -2 ()

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

Psyp]%s lis ) 1o
s Jj nj'nj

nj = (Pi)l—cr

Without heterogeneous MNE sourcing frictions, the sourcing share is also not MNE-specific.

The change in the composite goods price for all MNEs in country n equals:
. -0 s So rs Bsp 1—0o
(Pn) =3m, (knjtnjpj’ ) .

The sourcing share by any MNE in n, on an MNE headquartered in i, producing in j, equals

o8
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the following:

The counterfactual MNE sourcing and output shares are constructed as follows: #;/; = 7,7,
AS/ J— S AS s/ J— S ) 3 1 - 1
S5 = 55,55, as well as m,); = w7, The other equations in this model are the same as in

Section [Appendix B.3|

Appendiz B.6. Model with CES Production Function

The Cobb-Douglas production function from Section [Appendix A.8 can be extended to incor-

porate a non-unitary elasticity of substitution across inputs, as follows:

Yim = A ((bzmﬁ L)+ 3 ()" (M) ) :

where  denotes the elasticity of substitution across inputs. b2 and b3* denote labor- and com-

posite goods-augmenting technology. It implies the following input shares on labor and com-
’ 7 \1—n
b3 (i )

b3 (w5)" ™ "
(©5,,)

: : s \1— s s\1—
(O3, , 1 which <@nm> # = bnm (wn) g +

posite goods: 3, = and %5 =

25:1 b (P;f;n)l_“. Other equations in this model are the same as in the baseline model.

Calibration and Counterfactuals. For u, we calibrate to two values from the literature: a high value
of 0.67 (De Souza and Li| [2022)) and a low value of 0.1 (Bonadio et al., 2021; De Souza and Li|,
2022)). We can then invert the input shares to acquire the labor- and composite goods-augmenting

technologies with the model in changes:

’ A 17/"'
o an (Gnn)
nm = T T
(P)
Due to data availability, and consistent with the baseline model, we assume %; = 47 and

288 —
nm ——

45" for all m. Prices w0?, Ps  and @fm are taken from the baseline model.

nm?

To compute counterfactuals, the market clearing conditions should be modified as follows

whereas other equations are the same as Section [Appendix B.3| For labor:
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where 47 is the change of labor input share:

b, (4)11 f‘.
(85)

Market clearing condition for composite goods is as follows:

r8
’Yﬂ_

8

s/ ! s/ s/ SSASS nm sl
Xji = Ls's5: Z%z ZZ S T
s/

m=1n=1 TL]

where ’ijgs is the change of input-output share:

Appendiz B.7. International Capital Flows

I extend the baseline model, which assumed exogenous current account imbalance, to incor-
porate endogenous international borrowing and lending. I assume that the international capital
market is complete, where households in different countries trade state-contingent bonds to smooth

their consumption over time@ The household’s lifetime utility maximization problem is:

S,y »
E Btlo — (L? T
Chn,e, Ly, 4 Qn(5f+1\5f) OZ & ( z:: 77[] )

=0 (Appendix B.10)

—

ff‘r

Se

~

~—
&=

86 PotCos+ > p(ser1lst)Qn(si41lse) =

St+1 s=1

w’fL,tL’fL,t +Rnt+The+ Qn(3t|5t71)~

We assume per-period utility equals log of the previous utility function in Equation to create
a consumption smoothing motive. Households maximize their lifetime utility by choosing labor,
consumption, and state-contingent bonds each period. A state-contingent bond pays one unit of

monetary income upon the realization of state s;. Denote its current holding as @, (s¢|s;—1) and

63See Backus et al.| (1992)), and recent works including (Caselli et al. (2020) and |Feng et al.| (2024).
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price of next period’s bond p(s;i1]s:). Other variables in Equation (12|) maintain the definitions

in Equation .

Proposition Appendix B.1. The solution to Problem (Appendix B.10) is the following:

N s
An L , L s
P iCht = —x E (1 T ZZ’ E W Pwn L+ Ryt + Tn,t) 71#11} E P wy Ly g

5:271 1 n n=1
(Appendix B.11)

Proof of Proposition[Appendiz B.1. The Euler Equation is the following:

1 1 1
= ) Appendix B.12
Ant(se)  P(Se1lst) Anev1(Se1lse) (App )

where A, ;(s;) denotes country n’s discounted inverse marginal utility of income in state stﬁ
It shows the intertemporal tradeoff: if the household consumes today, they get marginal utility
m, which should equal to the marginal utility from buying the bond for s;,; and consume the

return in that state. Given a complete international capital market with state-contingent bonds

for all future states s;,1, the Euler Equation holds for each future state.

Equation (Appendix B.12)) shows that the growth of marginal utility of consumption is equal-

: e Anatt1(Seq1lse) 1 _TTt 1 :
ized across countries: =S = s and A y(si) = [,y ;a5 Ano(s0). The relative of

every two countries’ marginal utility of consumption is invariant of time and history, since:

)\ K
Anut(st) AWLO(SO).
As a result, we can normalize these marginal utilities and denote A, +(s:) = A,. Furthermore,

according to definition of \,:

1 Bt
S s Ly ‘Xn
Pn,t Cn,t - Zs 1 1+¢ (L ) R

As a result,

S S
Y s Vo 4 s )
P3P ) ) - s S (G- 3 00 )

n=1 71 n=1
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X fl(St) is the Lagrangian multiplier on state s;’s budget constraint.
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1002 Hence,

\ N S ) N S ¢ 14y
P+:Chy = Nin (Z Z(gfz,t)awi,tl’fz,t + Ry +Th — Z P,y Z 110 (sz,t) R )
En:l )\n n=1s=1 n=1 s=1 + /(/)

s
n,t?

<=

1
wis  Finally, substitute in the labor supply function, or P, (L3 ,)¥ = (& ,)¥ws,, I get Proposition

wos  [Appendix B.1| |

1005 Proposition [Appendix B.1| shows that, through saving and borrowing, households can hedge

1006 ﬁ of their labor income and all transfer income R,; and 7, ,. For their hedged income,
w7 they receive a share —g= X of global income income, which reduces their exposure to country-
n=1""n

s idiosyncratic shocks. Country-idiosyncratic shocks disproportionately affect large countries (with

1
0o lower marginal utility of income and higher \,). The remaining labor income, % ZSS=1( ne)rws Ly

w0 cannot be hedged.

1011 In this model, current account deficit, D, ;, arises endogenously:
S 1
Dy =P, :Chy — (Z(fivt)wwzvthw + Ryt + Tn7t> (Appendix B.13)
s=1

w2 Calibration and Counterfactuals. 1 calibrate A, such that the current account deficit implied by

i3 Equations (Appendix B.11)) and (Appendix B.13|) matches the factual level in the initial year. To

s compute counterfactuals, Equation (Appendix B.9)) in the baseline model needs to be replaced

s with Equation (Appendix B.11)) and other equations remain the same.

we  Appendiz B.8. A Model with Entry, Exit, Input-Output Linkages, and MNE Sourcing and Selling

1017 Efficiencies

1018 I introduce a model featuring heterogeneous domestic firms and MNEs and their entry and exit
19 into production and trade. Firms incur both fixed and marginal costs for production and trade.
w0 Specifically, trading involves a marginal trade cost and a fixed marketing cost. Furthermore,
w2z sourcing from and selling to non-headquarters countries incurs an additional marginal cost and
02 a fixed market access cost. These sourcing and selling marginal and fixed costs depend on firm
w23 headquarters I maintain input-output linkages from the baseline model. In the next sections, I

w24 first present the model, then describe its calibration and compute counterfactuals.
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Extending the model to include heterogeneous firms does not change my main quantitative
findings; it only changes how the shocks should be interpreted. In the baseline model, the identified
shocks should be viewed as aggregate shocks, including both intensive-margin firm-level shocks and
extensive-margin adjustments. The baseline-identified MNE-specific productivity combines MNE
firm-level productivity and the measure of firms. The previously identified trade cost includes both
firm-level marginal trade costs and fixed marketing costs. MNE sourcing and selling efficiencies

combine firm-level efficiencies with fixed market access costs.

Appendiz B.8.1. Model Setup and Propositions

I follow Arkolakis et al.| (2018) to incorporate heterogeneous firms from a given headquarters
and operating in a given country and sector (as contrast to the baseline model where these firms
are represented by a representative firm). Similar to |Arkolakis et al.| (2018]), I account for the fixed
marketing cost to approach customers and entry cost. The model extends |Arkolakis et al.| (2018)
to include input-output linkages and fixed cost of international sourcing and selling by MNESE

As in the baseline model, we start with the downstream firm’s problem. MNEs from country
m operating in country n sector s produces their composite goods by combining a measure of
intermediate input, each defined with a product w and having elasticity of substitution x > 1

across products:

k—1
k—1

zm=( @) dw)
0

w=

For each product w, the downstream MNE sources from the least expensive supplier, which can be
a firm from any headquarters country ¢ operating in host country 5 and having firm-idiosyncratic

productivity zjlﬁ These productivity follows a multi-variate Pareto distribution:

1—po

N N ey
Pr(Z <25)=1- {Z (Z z]6> ]

j=1 \i=1

65In |Arkolakis et al.| (2018)), all MNEs from a given host country face the same fixed marketing cost to access a
particular destination country. This cost is also common to all buying firms in the destination. In contrast, my
model allows this cost to depend not only on the origin and destination countries but also on the headquarters of
both the selling and buying MNEs. This assumption is more realistic in the presence of global value chains, as the
sourcing and selling decisions of one MNE can differ from another’s, depending on their headquarters.

66Same as in the baseline model, a firm with ¢ = j is a domestic firm.
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The distribution has correlation py € [0,1) across host countries. For example, if a US firm
is more productive at producing a product in US, it will be more productive at producing this
product in China. For a given host country, the distribution is independent across headquarters.
Like in |Arkolakis et al. (2018), this distribution has support z;; > T %, where T = N0,

To connect these parameters to those used in the baseline model, I relabel 1 — ( = —0 where

¢ refers to elasticity of substitution across headquarters and 1 — o = —ﬁ where o refers to

elasticity of substitution across host countries. We assume that ¢ > ¢ > x, which also follows

Arkolakis et al.| (2018). The productivity distribution can be rewritten as follows:

N N %
Pr(Z5 < z5)=1- [Z (Z Z}ﬁ) ] . (Appendix B.14)

j=1 \i=1

Assume that upstream firms engage in monopolistic competition to sell to the downstream com-

posite goods bundle. Hence, they charge a markup -5 over the marginal cost of producing and

S

selling output. This marginal cost, c;,,;;, equals the following:

s 1.8, firm,s 7 s,firm 77s,firm
o GGk taghy Hp 1

nmji A;j;;ﬁrm stl ) (AppendiX B.15)

=os

where we label the cost index (the deterministic component of the seller’s marginal cost) of an

s
nmji*

MNE from country ¢ in country j to sell to an MNE from country m in country n with &
Like before, the product function is Cobb-Douglas in labor and inputs from all sectors. Hence, the
input cost of the selling MNE, O3, = (wj)%sl HSS/:1 (PJSZ’ )725/, where wj denotes the wage in country
J-sector s, and P7 denotes the MNE-specific composite goods price for MNEs from country i

operating in country j-sector s’. 43 and 73 denote input-output coefficients.

n

We denote firm-level marginal trade cost with ka’]ﬁrm, which differentiates from the aggregate
trade cost identified with the baseline model. ¢;; denotes one plus the tariff that country n imposes
on sector s imports from country j. ﬁilg-rm and H*™™ denote firm-level sourcing frictions faced by
MNEs from country m when they source from country j and firm-level selling frictions faced by
MNEs from country ¢ when they sell to country n. Aj;ﬁrm refers to the firm-level, deterministic

component of MNE productivity. It differs from the MNE TFP identified in the baseline model,

which, as I will show later, includes both the firm-level productivity and the measure of MNEs.
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The following lemmas are presented to characterize the decision problems of MNEs:

Lemma Appendix B.1. The cutoff marginal cost where the MNE from i operating in j 1is

indifferent between selling or not selling to MNE from m operating in n:

—1 1 L X L .
Cf;;nji = HTP'rblm (X:Lm) not [Kt;jP;mF;mjz:l o ’ (Appendlx B16)
where Fy,..; denotes the fized marketing cost of an MNE from i operating in j to sell to an MNE

from m operating in n, which is paid in units of the buyer’s composite goods (with price P2 ).

Proof of Lemma [Appendiz B.1. The profit of an MNE from ¢ operating in j that is indifferent

between selling to or not selling to MNEs from m operating in n should have their variable profit

equal to the fixed marketing cost:

11/ sk o 7" o it o - ‘
@E <chmji> (an) Xnm = ananji' (Appendlx Bl?)
Manipulating this equation, we get Equation (Appendix B.16)). |

Lemma Appendix B.2. The distribution of the marginal cost for MNEs from i operating in j

selling to MNFEs from m in n equals the following:

Pr (CfLm]'Z' Z C, c?

nmji C)

1—-¢ l1—0o

Y& = Zz‘IL(‘bfng‘i)kC)t (@3 )¢
=(-1 (I)fbm]z 1C> ( _ nmji 662,
( | LX—; <§< | ] Zjvzl (Zil\;ﬂq)imji)l’oﬁ Zi]il(q)zmji)l_c( )
(Appendix B.18)

This density distribution requires that the selling MNE from i in j has marginal cost ¢ and those
from other headquarters or operating in other host countries have higher marginal cost, such that

those from i in j become the least costly supplier.

Proof of Lemma |Appendiz B.2. As c;,,.; = (bszgrfji, and {zjl} follows the distribution in Equation
ji

(Appendix B.14]), {cs } follows the following multi-variate Pareto distribution:

nmji

PHs N N b -f ﬁ
Pr(cfnmjiZCfLmji):Pr <Z;i§ csnmﬂ>1 Z(Z(C?mﬂ> )

1—po
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wss Taking derivative with respect to ¢’ we get the marginal distribution:

nmji’

1—

N [ g 16
Pr (szmjz Z nm]’z”cflm]l: :ngz) :<<_1) Z Z(W)

j=1 i=1 nmji

10
N (‘bfpmji)lc) 1= 1
— — —C
)"
i=g s 1—¢
N (N ()Y T (B
Zj:l (Zi_l (Cfnn; ) > Lim Crmyi

s )472

nmji

s Setting all ¢f .’s to ¢, we get Equation (Appendix B.18)). |

nmji

wez  Proposition Appendix B.2. The measure of MNEs from i in j selling to MNFEs from m in j

wss 1S related to these sales as follows:

s (—k 1 s )
Mnmjz = (C — 1),‘€ 5 Ps s Lomji (Appendlx B.19)

nj- nm* nmji

1089 This equation shows that the measure of MNEs from i in j selling to MNEs from m in n
w0 increases with aggregate sales between the two groups of MNFEs. Tariffs and fized marketing costs

wa  deter entry and reduce the measure of these MNFEs.

1002 As a consequence of Equation (Appendix B.19)), the fized cost payment by MNEs from i in j

K 1 s
Dkt xnmﬂ

we  selling to MNFEs from m in j is proportional to the sales: P? F?* .M? .. = f

nm= nmji- nmji —

we  Proof of Proposition [Appendiz B.Z The measure of firms from i in j selling to firms from m in
ws 1 equals their total measure multiplied by the integration from zero marginal cost to the cutoff

ws  marginal cost, ¢* ... The integration uses the marginal cost distribution for MNEs from ¢ operating

nmji*

w7 in j selling to MNEs from m in n, Lemma (Appendix B.2)):

nmﬂ Mjl/ nm]’z’ 2 ¢, Cnmjz = C)dC

1—0o 1—¢

s (Z e AT N e
_Mﬂzév (S0 (3,,01¢) T T @) ¢ Z_:(Z mii) <>

k—1 1\
(5 P Loty P ™)

ws  Sales by firms from ¢ in 7 selling to firms from m in n equal the following, where we again integrate

w0 the marginal cost of the selling firm from zero to the cutoff:
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S 11—k
xnm]z _MS (Ps )K—lXZm/; ’ <I€i ].C> (C,,Slm]rzr > C, C’Zm]z = C)dC

1-¢ 1—0o

=M;;((—1) i\’: (i((pflmjl)lC) = (Z (‘I’Zmyz)LC) = _
i=1 \i=1 >V, (Z ((I,%mﬂ)l,g) =<

S

Ps 1-¢ 11—k Coomii
( nmgz) ( K ) (Prslm)ﬁilXZm‘/ (C)Cilindc
0

S (@5, ¢ \E =1
N =215 (Z (@3 )1—c> =
s _ nmji :
A z(z ) <)
Jj=1 \i=1

S (S (@5,,01¢)

(5 i)t ¢ K L=n s el s 1 k=1 _ R T . C—r
nondt (an) 1Xnm Tpnm(Xnm)K_l [Rt iPom F, } o

s 1— — _ nj*t nm=- nmji
S (@5, Ak — 1 C—n
1-¢
o
o 1-¢ C*l e N N ) = ﬁ .
<l<;—1> C—,%HIWM;" Z Z(@imﬂ) - Trnm] Snjz (PS )
j=1 \i=1
S ¢—1 S S ::
(X ) wt [tnj angz]

(Appendix B.20)

1100 Combining these two Equations, we get Proposition (Appendix B.2)). In Equation (Appendix B.20)),

s,firm and Ss Jfirm

not [ introduce firm-level sourcing shares and output shares, ., i

o 1-¢
s,firm
Ss,ﬁrm _ ji

nji - 1-¢°
ZN Hs,ﬁrm 9;1
i=1Hni As.im
ji

. In particular,

(Appendix B.21)

1102 and
hs ﬁrm(Ps,p,ﬁrmks ﬁrmts ) —c

s,firm nj

" (Pin™)1=

(Appendix B.22)

7

s where P fim o the firm-level producer price index for firms in country j selling to country n

uoe and equals the following:

N 1-¢
1—-¢ O3,
s,p,firm _ s,firm Ji
]’L

i=1

1105 .

nes Lemma Appendix B.3. The composite goods price index of an MNE from m operating in n,

1107 PS

nm?’

equals the following:
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(Ps )1

j=1 \i=1

- . 1—C<_1 P L. . e = R
T (K? 1) C* Iiﬁlim Z Z(q)”mﬂ) (Xnm)'”71

(Appendix B.23)

N =t}
(Z Z M;zwflfmgmsfzﬁrm [tfzg Frim]z] 1N> :

j=11i=1

Proof of Lemma |Appendiz B.5. The price index is a CES aggregator of the prices of all firms

that sell to these MNEs. For each selling MNE from ¢ operating in j, integration should run

from marginal cost equal to zero to marginal cost equal to ¢* ... Again plug in the marginal cost

nmji*

distribution for these MNEs, Equation (Appendix B.2)):

11—k
= " e Pr(C3 .0 >¢,C2 .. = c)dc
1 nmj’i nmji
j=11i=1 k=
1-¢
R 1o al N i_fa o N C‘:;;nji
— s 1-¢ s C—1—k
= (K/ — 1) (C - 1) Z <Z(¢nmjl) > ZZMJZFTLTI’LJS’I’LJ’L/ C dc
j=1 \i=1 j=1i=1 c=0
1-C¢
ko\C C—1 N = o
- (ﬂ - 1) ¢ — HKLN Z <Z(q)flmﬂ)l_<> (Py) (X 5n) 51 [Pl =5
j=1 1=1

j=1i=1

<.

N
C—k
M. s,firm gs,firm [,s s 1—-r
(§ :§ : jlﬂ-nm] S’nj’L [tn]anjz] .

Moving the terms containing P?  to the left hand side, we get Equation (Appendix B.23). H

Proposition Appendix B.3. The MNE-bilateral expenditure share that MNEs from country m
operating in country n spent on intermediate goods bought from MNFEs from country v operating

in country j equals the following:

M. sﬁris firm 5 s s

stlmji — Ji"nmj ~nji [ nj nm]z] —. (Appendix B.24)

ZN ) Z ) M. sﬁris firm I:tq s ]1,,€
j= i=

Ji nm] nji nj- nmji

s,firm
nmj >

and the output share, S*5™ both con-

nji

Similar to Equation , the sourcing share, m

tribute to the expenditure share. The difference between Equation (Appendix B.24)) and Equation

arises from extensive margin adjustments. An increase in the measure of firms from ¢ in j
(=K
leads to greater expenditure share on those MNEs. [ts F® } 1=+ shows that the tariff and fixed

njt nmji

cost reduce entry, which decreases the sales from selling MNEs to buying MNEs. The denominator
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u21 is a normalization such that ZZ ) Z i1 Tomgi = 1.

uz  Proof of Proposition|Appendiz B.5. Plug Equation (Appendix B.23)) into Equation (Appendix B.20)),

123 we get Equation (Appendix B.24]). [ |

1124 With these results, we can define the equilibrium of this model:

u2s  Definition Appendix B.1. In this model of heterogeneous MNFEs’ sourcing and selling problems,
e an equilibrium is defined with wages, MNE-specific composite goods prices, expenditures on MNFE-

uz  specific composite goods, {w?, P X5 1}, such that the free entry condition and market clearing

)
s conditions hold.

1129 To ensure an interior equilibrium, I assume decreasing returns to entry. Specifically, creating
w0 an additional firm requires labor units proportional to the existing measure of the same type of

un firms in the economy. The free entry condition requires that the fixed entry cost equals the net

u2  profit, which equals the variable profit minus the fixed marketing cost:

2 =1 o= o X3
w5 (M;;)" = Z Z s T (Appendix B.25)

us  Country-sector level labor supply is the same as the baseline model:

5%
S __ ¢S &
Ln - Eﬂ |:Pn:|
1134 The labor market clearing condition is the following:

Kk—1 Y& Xm
w Z AnmTamj + Zwsﬁze S ) (Appendix B.26)

us  The MNE-specific composite goods market clearing condition is the following:

’

s N N
X3 = Ijsjs; + HTI Z ’yjls Z Z :L,m flmﬂ + ZZ Mo PiiEiaps (Appendix B.27)

s'=1 q=1p=1

us  in which the fixed marketing cost follows Equation (Appendix B.19) and the country level income,

uw I, equals the following:
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and D,, denotes the trade deficit of country n.

Appendix B.8.2. Model Calibration

Given the model requirement that { > k, and my baseline estimate of ( = 2.71, I set kK = 2.5.
This value is close to the 3 chosen by Hsieh and Klenow| (2009). Other parameter values remain
consistent with the baseline specification.

To calibrate the model, from now on, assume that the fixed marketing cost for MNEs from
country i operating in country j to sell to MNEs from country m operating in country n is separable
into three components: the fized trade cost from host country j to host country n, the fized selling
cost faced by country ¢ headquartered MNEs to sell to country n, and the fized sourcing cost faced

by country m headquartered MNEs to source from country j:

Ey FL’“FLHF;;L (Appendix B.28)

nmji
Proposition Appendix B.4. The frictions identified in the baseline model should be interpreted
as aggregate, economy-wide frictions. They are a combination of firm-level frictions and extensive
margin frictions that affect firm entry and exit. In particular,

_ (- .
(Aji)c = (Ajéﬁrm) M, (Appendix B.29)

Jv

o —x fo= :
(k)0 = (kg firmyi-o (ij;p’ﬁfm) [t ] [Fk} , (Appendix B.30)

[Sti)

Hy, = Hy [FP ] (Appendix B.31)
S=nr

h’fn] = h:y;f;rm |:F7:jh:| T . (Appendix B32)

Equation (Appendix B.29)) shows that the MNE productivity identified with the baseline model
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uss 1S a combination of firm level productivity and the measure of firms, where the measure of firms

uss adds to aggregate productivity because of love-of-variety preference.

1157 Equation (Appendix B.30)) shows that the trade cost identified with the baseline model com-

uss  bines firm-level trade cost on the intensive margin as well as tariffs and fixed trade cost that reduce

uso firm entry into exporting on the extensive margin, and price indices.

1160 Equation (Appendix B.31|) shows that the selling efficiency identified with the baseline model

uet combines firm-level selling efficiency and such efficiency loss due to fixed costs for MNEs to access

ne2 markets that are not their headquarters.

1163 Equation (Appendix B.32)) shows that the sourcing efficiency identified with the baseline model

ues combines firm-level sourcing efficiency and such efficiency loss due to fixed costs for MNEs to source

ues inputs from markets that are not their headquarters.

ues  Proof of Proposition |Appendiz 5.4, The MNE-bilateral expenditure share, 7, ;, defined with

ue7  Equation (Appendix B.24]), can be decomposed into the product of economy-wide sourcing share

ues and output share:

S __ =S8 Qs
7T’nmji - ﬂ-nijnji?

ueo in which the economy wide output share,

1—C C—K
H i (2 M [EH|T
ni ASfirm Ji ni

1-¢ (—r
N s,firm 5 s s, H | 1=x
Zi:l H’nl ( AS firm Mj’L Fnz

ji

Svs

nji —

, (Appendix B.33)

uno  and the economy-wide sourcing share,

55,0\ 1— (= TR [ asn] TR
e o () [y ] ]
e ! ! ! ! i i I ) (Appendix B.34)

nmj (—r
—r

_ . (-0 4:7: C
S (Ba) T ke b, (Pt [ Et] T ]

un  In Equation (Appendix B.34]), Pj}p is the aggregate producer price index for country j’s sales to

urz - country n:

s 1-¢ —r
(PS"P)I_C _ iHs{ﬁrm ( Gji > M |:FS’-H} g—n
nj n Jt ni .

s,firm
i=1 Aji
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Az and Hy, identified with the baseline model includes all shocks that vary on j—i and n—i level

in the economy-wide output share (Equation [Appendix B.33)), respectively. Combining terms, we

get Equations (Appendix B.29) and (Appendix B.31]).

k,; and h;,; identified with the baseline model includes all frictions that vary on n — j and

m—j level in the economy-wide sourcing share (Equation|[Appendix B.34)), respectively. Combining

terms, we get Equations (Appendix B.30|) and (Appendix B.32)). |

From now on, assume that the fixed marketing costs are proportional to the firm-level variable

costs along the same dimension. Specifically,

K K 3

{Fs,H:| T=r - HTsl,iﬁrm’ [Fs,h} T=r x hfﬁf]i‘rma {ts Fs,k:|m ~ (ki,jﬁrm)lfa'

ni mj njt nj

Corollary Appendix B.1. Under these assumptions, we can solve firm-level variable costs on

the intensive margin and fized costs on the extensive margin with the economy-wide costs that we

identified "]

|:t5 .Fs’k} % _

nj- nj

s,p\C—0
(Pnjp)

(k:rslj)l_g o s, firm 170_
(7" ’<knf ) =

Lemma Appendix B.4. Firm-level sourcing and output shares, @5 . and S?.., can be derived

nmj nji’

based on the known economy-wide sourcing and output shares and the identified frictions.

Proof of Lemma [Appendiz B.j. Take the ratio between economy-wide output shares, Equation

(Appendix B.33)), and firm-level output shares, Equation (Appendix B.21)), we can write the firm-

level output share as follows:

Ss,ﬁrm _ gs Mgsz [Fm'H] 1w
nji nji —N SS 1 :
>im1 Snji e
My, [

. .. Tomi \ 17
6"We acquire the producer price index as follows: Pi}p o (ﬁ) = 1t

72



1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

1208

This equation shows that as we know the economy-wide output share, Sfm, the measure of firms,

M;; (from Equation |Appendix B.25[), and the fixed selling cost, Fs;H, we can get the firm-level

Ss Sfirm

output share, S,7;

To get the firm-level sourcing share, wjggm, note that:

s

s,firm ﬂ-nm]z

anj X T
M5 S.s Jfirm [ts S kF.s HFs hi|

Jji~ngi nj - nj - ni

We compute the right hand side, then normalize such that Zjvzl Wflf;m = 1. |

With the calibrated shocks and market shares, we can define the model in the counterfactual

equilibrium:

Definition Appendix B.2. An equilibrium in changes is defined with changes in wages, changes
i MNE-specific composite goods prices, counterfactual expenditures on MNE-specific composite

goods, {w Ps

nm?

XfL;n}, such that the free entry condition and market clearing conditions hold in
the counterfactual equilibrium.

The free entry condition in the counterfactual equilibrium is the following:

=1 on e X .
£ (M2, 2w (MS) W = iy Z Z %ﬂ-;"rnji' (Appendix B.35)
n=1m=1 ""J

On the right hand side, w2 .. denotes the MNE-bilateral expenditure shares in the counterfactual

nmgji

equilibrium: . = T o, in which 7, equals the following:

—K

sAsﬁrm s,firm | ;s s,k 118, H tas,h | 1=+
Mjl nmj Sngz |:tnan] Fnz F }

Tomji = . (Appendix B.36)
Zj\f ) Zz ) ﬂ_nmﬂMs 78 ﬁrmss firm |:t5 Fs sz HFS h:| 1 2

Jjinmg “nji nj-nj - ni

In this equation, 7™ and S*™™ denote the changes in firm-level sourcing and output shares:

mj nji
N 1-¢
ﬁs,'ﬁrm ( h@fj—i )
ni s, firm
s firm Aji

nji . 1-¢°
N s,firm £ys,firm 951
Zi 1 S’IL]’L Hrn <A5_,_firrﬂ
Ji

(Appendix B.37)

hs ﬁrm(Ps,p,ﬁrmks ﬁrmts ) —c

7i_s,ﬁrm _ 'mjy
nmj fi
J (Pﬁmrm)l o

(Appendix B.38)

3

where PS}P - denotes the change in firm-level producer price index for firms in country j selling

to country n and equals the following:
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o\
(Ps}p,ﬁrm) - ZSZﬁrm sﬁrm < _ Ji > ’

As,ﬁrm

o and PSIM denotes the change in firm-level MNE-specific composite goods price

N
Ds,firm s,firm 7 Sﬁrm sp,ﬁrm s,firm Js —0c
(Pt ) = Y g fiimfyafiom  papfinm fafiimgs y1-o,
Jj=1

2o The labor market clearing condition in the counterfactual equilibrium is the following

N N X5 gt N 9 2
nm nmy s,e s s ps,e rs S

& E:fji (Mji) w; f; (M]z) wj
i=1

2, (Appendix B.39)

n=1m=1

i in which changes in country-sector level labor supply equal the following

1212 The MNE-specific composite goods market clearing condition in the counterfactual equilibrium

23 48 the following:

N N

Xé/ = I/ sés;lgjéjl - 1 Z Z Z t’ZLL/rn %m.]’b nm]z + Z Z M‘S/ Pb/F&l

jigp*® ji* jigpy (Appendix B40)
m=1n=1 "TJ

q=1p=1

1 in which the fived marketing cost equals the following:

N < P N

s/ s/ s/ _ s/ s ~S
§ E :Mnmszannm]z - § E : Xnm nm]zﬂ—nm]z
— (=T

j=11i=

j=1 z:l

s In the counterfactual equilibrium, the country level income, I!

, equals the following:

Mm Tian

(ES/)’/”LUSILS/+R/ +D/ +T/

T=>" 1= @)F|wyLy
R,/n — XS/ s/ ”.7

nm nm] ts/ ?
nj

@
I
—
<
Il
—
Il
-

e and D! denotes the trade deficit of country n in the counterfactual equilibrium. The change in

w17 sectoral final expenditure share on MNE-specific composite goods equals the following
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and the change in sectoral final expenditure share equals the following:

These shares in counterfactual equilibrium equal the following: si = s385 and si = s

S &S
71771437177L'

Furthermore, the change in MNE-specific composite goods price equals the following:

N N Os 1=¢ 1=¢
s 1—-¢— C:”ﬁ _ s,firm /7 s,firm\1—0/3s \1—o 7 s,firm s,firm Jt s, firm s Ci“
(an) toeo= E :ﬂ-nmj (knj ) (tn]) hmj E :Snjl (As,ﬁrm) an (Xnm) wt
ji

=1

\

N

s s ~s,firm &s,firm | Js s,k trs,H ths,h | 1—F
ZZW"WJZMW ”mj S"]Z [thFnJ FT” F :| :
j=1i=1

The change in sectoral final goods price equals: (P‘(”)1 =0 Z S8 (P,f Y179 and the change

mlnmnm

in country-level final goods price equals: (P,)> = S2° | 365 (P5)1,

slnn

Appendix B.8.3. Supply and Demand Shocks in the Model with MNE Entry and Ezit

Table [Appendix B.1] classifies the model’s shocks into supply versus demand. Supply shocks

1s,firm

include: firm-level MNE relative productivity (7% ); MNE entry cost relative to domestic firms
i

(#:
f]']'

=) (these are MNE-specific); firm-level domestic productivity (Ajjﬁrm), domestic firm entry cost

( f; 7“); and labor supply (£2) shocks (these affect MNEs proportionally to domestic firms). Demand

shocks, mirroring the baseline model, include MNE final demand (&2,,,) and sectoral final demand

(a2) shocks.

Compared to Table |1, the model with MNE entry and exit into production and trade does

not change the baseline model’s classification of a shock into productivity, demand, or MNE-

specific. Thus, it likely does not qualitatively affect the main results.

baseline-identified aggregate shocks into extensive and intensive margins.
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Table Appendix B.1: Classifying Shocks as Supply or Demand in the Model with MNE Entry and Exit

MNE-Specific Shocks Supply and Demand Shocks in Trade-only Model Other Shocks

Firm-Level Domestic Productivity Shock (AAZH"")

Domestic Firm Entry Cost (f;f)

Firm-Level MNE Relative Productivity Shock (AF

Supply Shocks

] - Clos v tic Fi I .
MNE Entry Cost Relative to Domestic Firms (;}J_,,) Labor Supply Shock (£2)
Demand Shocks MNE Final Demand Shock (a3,,) Sectoral Final Demand Shock (&) Trade Balance Shock (T'D,)
Firm-Level MNE Sourcing Shock (izfn‘l]i"") . s firm
ved MNE Sonrcing C o : Firm-Level Trade Cost Shock (k™)
Other Shocks . Fixe oureme Cost ( mi er Fixed Trade Cost (F")
Firm-Level MNE Selling Shock (H,;"™) Tariff Shock ({:’])

Fixed MNE Selling Cost (F5;")

Notes: This table displays the shocks studied in the MNE model with entry and exit and classifies them as either supply or demand
shocks.

2« Appendix C. Model Shock Calibration and Elasticity Estimation

s Appendiz C.1. Calibration of Other Model Frictions

w6 MNE Relative Productivity. Productivity of MNEs from country ¢ operating in j relative to do-

12w mestic firms in j can computed with the ratio of its input price relative to its output price:

S
s s —
Aﬂ _ Gji A5
s s S
A3, 03, ji

123 The denominator, according to Section [4.1], equals the following:

o3 s i—¢
Az GO3;
H;i

OF . N
23 S s
: szl ij Spjj H>.

s

es, .
1230 The numerator, g¢, equals the following:
77

1240 where the relative price of composite goods of foreign affiliates relative to local producers is the

a following, based on Section

Ps. N s \ 177
Jr 2 7_‘_s”k ik
S 17 S

Py \im 7 M
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Se.. H.

8
pij> pi> Tjjk

can be calibrated using GO?,

. LA
Hence, MNE relative productivity, -2 i L

3 i
A;; v h;,., and

trade and MNE elasticities (o and ().

Non-tariff Trade Cost. 1 calibrate the non-tariff trade cost by manipulating the sourcing shares

of domestic firms, noting that:

J3viic i C LS. 2P e S
p=1"Jjp h;p tjpijPJP

s s S s s,p -
7Tnnj _ hnj tn]kngpn] 1

s — 1s s 1.5 s,p s 1—0"
T P \ ik SN e B ( kg, Pt )

Furthermore, using the definition for MNE output share, I get the following expression for the

producer price index:

Substituting the second equation into the first, then applying a guess-and-verify method, yields

the following calibration equation for k;;:

njy s
J]J h

hs 1io‘ ( Hsjj ) =<
— nng SJJJ
fC
nj

Domestic Productivity Shocks. 1 calibrate domestic productivity shocks by solving a system of
equations that links these shock with prices. The process begins with the change in domestic firm
sourcing shares:

~ g < 7 l—0o

sy (Palks,tsy)

~ nj nj
7Ts ;= ’

nnj l1-0o
(72)

in which the change in the producer price index equals:

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

s 1

o (5) 7

fig - (AJJJ)EiT
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Furthermore, Equations (Appendix B.3)), (Appendix B.4)), and (Appendix B.5|) show that changes

in prices can be expressed as a function of changes in global shocks and wages. As a consequence,
[ get 2 x N x S equations for 2 x N x .S unknowns: {A;’]} and {pfj} With this system of

equations, I am able to solve Ajj and JSJSJ iteratively.

Final Demand for Sectors and MNFEs. The calibrations of final demand shocks for sectors and

MNEs are straightforward and can be achieved by inverting their respective demand functions,

Equations (Appendix B.6|) and (Appendix B.7)):

. 1-6
S
3 Pnn)
ds — nm
nm s (As )176’
nn nm

and

R 1-X
s (}%Tonqnanuf)

& = Sn
n §Non-manuf N 1=X
‘ (72)

Py
Labor Suppy. I invert the labor supply function to obtain the labor supply shock:

. Ls
5;‘ = QJ h

Appendiz C.2. GDP Change Decomposition by Shock Type

Proposition Appendix C.1. The change in a country’s GDP can be decomposed into contri-
bution by domestic productivity shocks, MNE relative productivity shocks, and changes in labor

supply according to the following formula:

S

o (ED7;) = 13 =" e () + 3 = () + 3 e (1)

s=11i=1 sl ] s=11=1 s=1 77 1

(Appendix C.1)

Proof of Proposition[Appendiz C'1 Note that GDP at time t+A measured with time ¢ price equals:

GDPjiin = ZS 1 Zz 1 ﬂtyjl A ZS 1 ZZ 1 Z 1 PJSMM]SZS]HFA GDP, as valued added, equals

to output subtracting input. Divide it with GDP at time ¢:
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s=11i=1 s'=1

s=1i=1

1271 where GOS

5.0 = Piitys;, denotes the output of MNE from i operating in j, sector s. Pi M,

Ji,tt gt

2 denotes the sector s' input used by the MNE.

1273 In the limit with A — 0, and plug in the production function:
5 XL GO, SRR S o
log (GDP,) = ZZ G o8 05) = 3 3 s (az3?')
s=1 s=11i=1s'=1
S G 5
- ;; GDPS (1og(A ) + 75 log (Ls ) + Z:lvjs log (Mjs: ))

s Note that: PJZIM]-SZF"' = GO‘;TZ-V;S/. As a result,

S

DPS

log (@J) (dlog (A};) +~idlog (L3;))

S ST S

N

DI

> GO w; L3; s
; DP*leg ) GDdelog (Lﬁ)
N 03 s N Gos,
2:: sleog< )+ZZ sLs g(

s=13i=1

Il
i Mm “M"J f Mm

5w .
>+§:12§j1 10g(L>

]
A5) s
(Appendix C.2)

s The last equation aggregates labor supply changes to the sector level and shows that a country’s

1z7e - GDP change results from three components: (1) domestic productivity shocks, ZS SN % log (Aj j);

7 (2) MNE relative productivity shocks, ZS 1 ZZ 1 ZSGOS - log ( ); and (3) factor supply changes,

]

1278 Zf 1 Z&wl WL log <L8> [ |
1279 A variance decomposition approach computes each component’s contribution to GDP change.

s For instance, the contribution of domestic productivity shocks is measured by the ratio of its
1281 covariance with GDP to the variance of GDP. These covariance and variance can be calculated

g2 across countries for a given year, or across all countries and years:
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Cov (Zf_l 211\;1 ESL;)SL] log (Aj]) , log (CTDT]%))

s=1 Wj

Var (log (GDP; ))

(Appendix C.3)

ss  Table [Appendix C.1] shows that across all countries and years, domestic productivity shocks

e accounted for 51% of GDP changes, MNE relative productivity shocks for 42%, and factor supply
es  for 7%. During the Great Recession, domestic productivity shocks accounted for 46% of GDP

s changes, MNE relative productivity shocks for 39%, and factor supply for 14% across countries.

Table Appendix C.1: Cross-Country GDP Change Decomposition: Great Recession (2008-2009) and
All Sample Years (2006-2016)

Years Domestic Productivity Shock (%) MNE Relative Productivity Shock (%) Factor Supply (%)
2008-2009 46.37 39.42 14.21
[44.71, 48.02] [37.53, 41.31] [13.75, 14.67]
All Years 50.89 41.62 7.49
[49.33, 52.45] 39.71, 43.53] [7.13, 7.85]

Notes: This table decomposes GDP change across countries for (1) 2008-2009 and (2) all sample years (2006-2016)
into contributions by (1) domestic productivity shock, (2) MNE relative productivity shock, and (3) factor supply.

The decomposition follows Equations (Appendix C.2)) and (Appendix C.3|). Numbers in hard brackets represent

95% confidence intervals, computed from 300 independent draws from the distributions of externally calibrated
parameters: o and (.

e Appendiz C.3. MNE Shocks During the Great Recession

1288 To examine how country characteristics influenced shock performance during the Great Reces-
1280 sion, I regress the calibrated shocks from that period on gravity variables. Specifically, I consider

200 the following regression:

stz = (11(i = j) + B2 log (Distj;) + f31 (Legalji) + B4l (Contiguityji) + B51 (Common Langji)
+ 6 log(Trade;; 2007) + Br log(MP; 2007) + Bs1 (Deep Trade Agreenzom) + G5 0007 + FE; + FE; + €},
(Appendix C.4)

s

Sl) ,log (ﬁjl> ,log (]:I]SZ> ,log (d;i) ,log (l;:;)} represents shocks to MNE

A
Az,

J

o1 where y3; € {log<
o relative productivity, MNE sourcing and selling efficiencies, MNE final demand, and trade cost

1205 during the Great Recession (2008-2009 log changes) [

. A2,
%8 The pre-period control, C%; 5597 € {log (Ail

the level of these variables in 2007.

)2007 ;log (hji)2007 ,log (H;i)2007 ,log (aji)zow log (kjs'i)2oo7}’ is

Ji
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wu  MNE Productivity Decreased. Column 1 of Table [Appendix C.2[shows that average MNE produc-

o5 tivity decreased during the Great Recession, contributing to the global MP collapse. Pre-Recession
e trade and MP linkages, along with deep trade agreements between headquarters and host coun-

o7 tries, mitigated this decline.

e MNFEs Became More Vertical. Columns 2 and 3 of Table [Appendix C.2| show decreased MNE

oo sourcing and selling efficiencies with non-headquarters countries, which led to greater MNE ver-
oo ticalization during the Great Recession. This explains the increased MNE trade intensity relative
o to domestic firms during the Great Recession: MNEs gained a comparative advantage at sourcing
2 and selling with their headquarters, while domestic firms increased local sourcing and selling.

1303 Furthermore, Column 4 shows that MNE final demand shocks decreased with increasing dis-
1u  tance between headquarters and host countries. Column 5 shows international trade costs in-

105 creased during the Great Recession and with distance between exporting and importing countries.

1306 Tables [Appendix C.2| through [Appendix C.7] present robustness tests for these results. Each

oz table extends a corresponding column from Table [Appendix C.2| by systematically adding and

s removing controls and confirm the robustness of these key takeaways.

o Appendiz C.4. Trade and MNE FElasticities

1310 I develop a novel method for jointly estimating these elasticities, using variations in MP shares
s and tariffs. These estimations leverage trade and MP data spanning 2005-2016 from the OECD

12 AAMNE database.

1—0o
s Ryt (Prfiknsatngie)
nngt ( s )1*0

nn,t

1313 The method start with the sourcing share of country n domestic firms on j, 7

1—
S-t(izj’t> ¢
. . . . nJ, i . .
e and j domestic firms’ output share in trade from j to n, Sy, = ———275%— " Manipulating
(f i)
© h

w5 the second share to get the producer price index, P = 2+ (%“) " and plug it into the first
’ 3d,t nj,t

e share and take log, I get the estimation equation:

69T added a year ¢ subscript to highlight that the estimation take advantage of trade and MP data for all years
available in OECD AAMNE.
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1317

1318

1319

1320

1321

1322

1323

1324

1325

1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

1336

1337

Touse) _ 1- H;,
log ( o N) =1 Z log <SS J-¢> +(1—o0)log (thj,t) + v1(trade agreement),,; ;

nj,t njj,t
+FE) , +FE;, + FE;; + €, (Appendix C.5)

Equation (Appendix C.5)) uses tariff variation (¢

»i.1) to estimate the trade elasticity (o), and vari-

ation of domestic firm share in trade flow (S;;;,) to estimate the MNE elasticity (¢). Multilateral

resistance terms, F'E7 , and F'E?,, capture variations in destination prices and origin productivity

J7t7

and input costs, respectively. The country-bilateral fixed effect, F'E?

»j» captures long-run average
trade cost components (e.g., distance) and yields a short-run elasticity estimation (Boehm et al.,
2023) desirable for studying the Great Recession. Besides tariffs, I also include time-varying trade

agreements that influence trade costs.

Instruments. Following Boehm et al| (2023), I instrument the applied tariff (¢;;,) with tfwjy =

1{n applies MFN on j} x tS’MFN, which captures whether country n applies MFN tariff on j and

n,t
its magnitude. MFN tariff concessions are typically driven by WTO negotiations, making them
less affected to country-bilateral trade flows and plausibly exogenous.m Applied tariffs are affected
by MFEN tariff changes if the MFN tariff applies, but are unaffected if country n offers preferential
tariffs to country 7; the second situation serves as the control group.

S
Snijt

I instrument log ( > with tariffs applied in the opposite direction of trade flow-by country j
on country n-in upstream and downstream sectors. Due to vertical linkages for country n’s MNEs

in country j with their headquarters n, these tariffs affect these MNEs’” performance more severely

than j’s domestic firms, hence create variations in S;,;, (j’s domestic firm’s share in trade flow
from j to n). For instance, as n’s MNE in j relies on inputs from n (forward-vertical linkage), j’s
tariff on n in upstream sectors severely raises their input cost and decreased their market share.
Similarly, n’s MNE in j relies on markets from n (backward-vertical linkages), j’s tariff on n in

downstream sectors severely decreases their sales. I construct the following two instruments:

"Boehm et al.| (2023) restricts their sample to non-major economy exporters, as their trade flow is less likely to
affect MFN tariff changes in major importers. However, since all countries in the OECD AAMNE database are
major economies, I do not impose this restriction.
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1339

1340

1341

1342

1343

1344

1345

1346

1347

1348

1349
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1353

1354

1355

1356

! ! ! !
ss’,tot s, IV s's,tot s, IV
Up IV® . — DisrsGitg Linit Down IV® . — DiszsVite Limt
1% nj,t = Z ss’,tot ’ nj,t = Z bs’s,tot
s'#s (lj7to s'#s “j,to

ss’,tot

a;y represents the total expenditure share by sector s on sector s', including both direct and

indirect linkages (Acemoglu et al., 2016). bj:fo’mt denotes the total sales share of sector s for

sector s output, similarly accounting for both direct and indirect linkages. I evaluate these shares
using 2005 data (the initial year, ty), mitigating potential effect from trade and MP changes in

subsequent years on these shares[™]

Estimation Results. My preferred specification in Column 1 of Table [Appendix C.§] yields esti-

mated values of ¢ = 3.1 and ( = 2.7. These short-run estimates are significantly below those

reported by [Ramondo and Rodriguez-Clare| (2013) and [Arkolakis et al (2018)[ This short-run

trade elasticity is slightly higher than |Boehm et al| (2023)’s estimate of o = 1.76, yet it remains

comparable to [De Souza et al] (2024) [7]

For robustness tests, Columns 2-4 of Table [Appendix C.§| present estimations under various

fixed effect combinations. Columns 1-4 of Table [Appendix C.9| treat the applied tariff (¢;;,) as

exogenous, constructing instruments for log (%) using it. All these specifications yield qualita-
njj,t

SS

njj,t

tively similar results. Column 5 of Table [Appendix C.9|shows that without an IV for log (h),

the estimated ( becomes unreasonable. Table [Appendix C.10] presents sectoral estimates: trade

and MNE elasticities lower for the non-manufacturing sector compared to manufacturing sectors.

Appendiz C.5. Construct Upstream and Downstream Shocks to MNE Share in Trade

I show how I compute the upstream and downstream shocks, used as IVs for domestic firms’

trade shares. Following Acemoglu et al. (2016), I define country j’s direct input share matrix A;,

"Section details the construction of these upstream and downstream shocks to domestic firm trade
shares, using input-output information from the OECD AAMNE.

"2They typically find a trade elasticity of about 9 and an elasticity of substitution across headquarters of 4, given
their long-run approach.

"De Souza et al. (2024) estimates the short-run trade elasticity with anti-dumping tariff variation and an event
study approach.
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1358

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

/ .
where the s — s’ element, a3, is:

§<—s’
j
Salesj

oo Sales

aj-sl represents the cross-industry sales from sector s’ to sector s, divided by sector s’s total sales

tot

for country j. The total input coefficient matrix, AX*, is the Leontief inverse of A;:

At = (T — A7,

of which the element ajfs/’mt measures the total (direct + indirect) expenditure share sector s
spends on sector s’ in country j. The upstream shock for log (%) (representing country j’s
njj,t

domestic firm’s share in trade from j to n) in year ¢ is calculated as follows:

ss’ tot s’ IV
'+£s @4, t’r;
Up Ivflj,t = ZS z Ltoss’ ti)t -
Zs’;ﬁs aj,to7
Here, the total expenditure share is computed using the OECD AAMNE database and evaluated
at the initial year (2005). tj;lltv denotes the applied MEN tariff country j imposes on n.

For the downstream shock, I define country j’s direct output share matrix B;, where the s’ —s

/ .
element, 07°, is:

s'¢—s
b
Salesjj

, Sales
be's =

J

bj’s represents the ratio of sales from sector s to s', divided by sector s’s total sales for country j.

The total output coefficient matrix, B;Ot, is the Leontief inverse of B;:
o -1
B =(I-B;)",

of which the element bjls’mt measures the total (direct + indirect) output share sector s sells to
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1370

1371

1372

1373

1374

1375

1376

1377

1378

1379

1380

1381

1382

1383

1384

1385

1386

1387

1388

1389

sector s’ in country j. The downstream shock is calculated as follows:

s's,tot s IV
Down IV® Zs/;és bj,to tjn,t

njt — Z bs’s,tot

5’#‘9 J7t0

Here, the total output share is computed using the OECD AAMNE database and evaluated at
the initial year (2005).
Appendiz C.6. Headquarters’ Share in MNE Productivity

To demonstrate that productivity shocks propagate through MNEs, I estimate headquarters

share in MNE productivity as follows:

As. As.
log <Aﬂ’t> = ¢log (A:”) + FEj+ FE} +¢€; . (Appendix C.6)

7.t 7.t

This equation treats MNE productivity shocks as a log-linear combination of headquarters’ do-

mestic productivity shocks, host country’s domestic productivity shocks, and a bilateral termm

The identifying assumption is that if headquarters domestic productivity growth (/15 ) exceeds

11,t

host country domestic productivity growth (AS ), then the headquarters’ MNEs should experi-

Jgt
ence greater productivity growth than domestic firms in the host Country.m I leverage variations

across headquarters within the same host country.

Column 1 of Table [Appendix C.11| shows that headquarters domestic productivity shock ac-

counts for 23% of MNE productivity. This estimate is robust to different fixed effect combinations

(Columns 2-4). Table |Appendix C.11| regresses MNE productivity shock (log (Ajlt)) on head-

quarters domestic productivity shock (log <Aflt>) and host country’s domestic productivity shock

(log </1§jt)) In this specification, headquarters accounted for 15% to 20% of MNE produc-

tivity. Tables [Appendix C.13| and [Appendix C.14| present these estimates for different sectors:

headquarters accounted for a greater share of MNE productivity in durable manufacturing and

non-manufacturing sectors but a smaller share for non-durable manufacturing sector.

it it
Cravino and Levchenkol (2017)), |Alviarez et al.| (2020)), and |Bilir and Morales| (2020)).
“Furthermore, this difference in headquarters and host country domestic productivity growth is uncorrelated
with other factors affecting the MNE’s productivity.

T4Specifically, log (Aé ) = ¢log (A‘S ) + (1 - ¢)log (A;jt) + log (&;zt) Similar assumption was imposed by
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0 Appendixz C.7. Estimate Final Demand Elasticity for MNFEs and Sectors

1301 I estimate the elasticity of substitution across MNE-specific composite goods with the following

1302 Tegression, representing the log change of Equation (Appendix B.7)):

log (35, ) = élog (Pﬁmt) + FE}  + € VM # 0, (Appendix C.7)

13 where & = 1 — 8. Since I control host country-sector-time fixed effect, I take advantage of
1o cross-headquarters variation in price to identify this elasticity.

1395 I instrument log (P,fm) with the domestic productivity shock in the foreign headquarters mul-
o6 tiplied by the MNE’s sales share in its host country. The identifying assumption is that the
1oz domestic productivity in the foreign headquarters is uncorrelated with the preference for MNEs

1308 1n the host country:

TVSMNE z% log (flfmn) ,Ym # n. (Appendix C.8)
m#n nm

e Column 1 of Table |[Appendix C.15| estimates an MNE final demand elasticity of 2.73. Columns 2

uoo and 3 show this estimate’s robustness across different fixed effect combinations. Column 4 shows
1o that omitting the IV biases the estimate towards zero. This occurs because higher prices might

ue2 be driven by increased demand, which mitigates the negative impact of price on demand.

1403 I estimate the sectoral final demand elasticity with the log of Equation (Appendix B.6)):

log (s5,) = Alog (Ps,) + FEu +€,. (Appendix C.9)

uos where A = 1 — \. Since I control country-time fixed effect, I use cross-sector variation in price to
1os identify this elasticity.

1406 I instrument log (Pj}t) using domestic productivity shocks from all foreign headquarters, weighted
uor by their sales shares in the host country’s total MNE sales. The identifying assumption is that
s the domestic productivity shocks in foreign headquarters are uncorrelated with the sectoral final

1o demand shocks in the host country:
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1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

I nstrumenti’D emand _

GO;,, -
= _Jog (A5 . ). (Appendix C.10)
m#n Zm#" GO < )

Column 1 of Table [Appendix C.16| estimates a final demand elasticity of 1.81. Column 2 confirms

the estimate’s robustness by further controling sector fixed effect. Columns 3 and 4 highlight
the importance of controling contry-time fixed effect and applying the IV, respectively, as not

including them leads to unreasonable estimates.

Appendiz C.8. Estimate Labor Supply FElasticity

I estimate the labor supply elasticity with the log of Equation (Appendix B.8|). With country-

sector fixed effect, I use wage variation over time to identify the labor supply elasticity.

™S

w
log(L?) = 1lo .
g(Ly) =1 g(P

n

) + FE;, + FE; + €, ;. (Appendix C.11)

To instrument the change in real wage, log ( > I use the same instrument as the one for sectoral
final demand elasticity. The identifying assumption is that the domestic productivity shocks in

foreign headquarters are uncorrelated with labor supply shocks in the host country:

GO;,,
Instruments b —= S GO log <As ) . (Appendix C.12)
m#n

m#n

Column 1 of Table|Appendix C.17]shows a labor supply elasticity of 0.6, aligning with macro labor

supply elasticities estimated in the literature, including De Souza and Li| (2022) and Eckert| (2019).
Columns 2-5 experiment with alternative fixed effect combinations. Column 6, which omits the

IV, leads to an unreasonable estimate.
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un  Appendiz C.9. Tables and Figures for Model Estimation

Table Appendix C.2: Model Shock Performance During the Great Recession

W B B @ %)
A};i (s Ts Py 7.
log <T> log (hﬁ) log (HJ) log (a3;)  log (kj)
1(i =j) 0.1183*** 0.1316***  0.1700*** -0.0069 -0.1431***
(0.0450) (0.0204) (0.0170) (0.0238) (0.0194)
log (Dist ;) 0.0161 -0.0191***  -0.0047 -0.0105*  0.0148***
(0.0111) (0.0051) (0.0040) (0.0059) (0.0048)
1 (Legal;) 0.0105 0.0216*** 0.0044 0.0090* 0.0068
(0.0098)  (0.0045)  (0.0035)  (0.0052)  (0.0042)
1 (Contiguityji) 0.0964***  0.0645***  0.0187** -0.0204 0.0320%**
(0.0247) (0.0112) (0.0089) (0.0131) (0.0106)
1 (Common Langji) -0.0003 0.0257***  0.0172***  -0.0413***  0.0140*
(0.0183)  (0.0083)  (0.0066)  (0.0097)  (0.0079)
log(Tradej; 2007) 0.0258***  0.0404*** -0.0013  0.0176***  -0.0572***
(0.0061) (0.0029) (0.0022) (0.0033) (0.0038)
log(MP; 2007) 0.1400***  0.0031***  0.0038*** 0.0005 0.0004
(0.0053)  (0.0010)  (0.0008)  (0.0012)  (0.0010)
1 (Deep Trade Agreeﬂ’%m) 0.0487* 0.0078 0.0389*** 0.0236 -0.0375***
(0.0274) (0.0125) (0.0099) (0.0145) (0.0118)
Pre-period Controls v v v v v
jxsFE v v v v v
i x s FE v v v v v
Observations 10800 10800 10800 10800 10800

Notes: This table presents regressions of various shocks on gravity variables, based on Equation (Appendix C.4)).
The sample is a cross-section of shocks from the Great Recession (2008-2009 log changes). The pre-period control

refers to the level of the variable of interest in 2007. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.3: MNE Relative Productivity Shock During the Great Recession

(1) (2) (3) (4) (5)
g (4
]l(i = j) 0.1328*** 0.0102 0.1460*** 0.0825** 0.1473%**

(0.0389)  (0.0415)  (0.0375)  (0.0403)  (0.0437)

log (Dist;;) 004627 0.0002  -0.0199***  0.0034  -0.0406***
(0.0066)  (0.0087)  (0.0065)  (0.0084)  (0.0102)

1 (Legal;;) 0.0139 0.0101 0.0095 0.0076 0.0152
(0.0100)  (0.0100)  (0.0097)  (0.0097)  (0.0102)

1 (Contiguity,;) 0.0803***  0.0664***  0.1031***  0.0954***  0.0806***
(0.0255)  (0.0255)  (0.0247)  (0.0247)  (0.0255)

1 (Common Lang;;) 0.0074 -0.0093 0.0117 0.0030 0.0059
(0.0187)  (0.0188)  (0.0181)  (0.0182)  (0.0188)

IOg(TI'adeji72007) 0.0512%** 0.0264***
(0.0062) (0.0061)
IOg(l\/IP]LQQU7) 0.1430*** 0.1395***

(0.0052)  (0.0053)

1 (Deep Trade Agree;; 5007) 0.0207
(0.0283)
As ok kK kK K kK Kk ok
log (AZ’) -0.0703* -0.0792 -0.2999 -0.2989 -0.0702
i/ 2007
(0.0039) (0.0040) (0.0092) (0.0091) (0.0039)
jxsFE v v v v v
i x s FE v v v v v
Observations 10800 10800 10800 10800 10800

Notes: This table presents regressions of the MNE relative productivity shock, log ( A-;'i
i

based on Equation (Appendix C.4). The sample is a cross-section of shocks from the Great Recession (2008-2009
log changes). ***p < 0.01, **p < 0.05, *p < 0.1.

, on gravity variables,
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Table Appendix C.4:

MNE Sourcing Shock During the Great Recession

1) 2 ®3) 4) ©)
log (hj)
1(i =j) 0.2293***  0.1274**  0.2133***  0.1259***  0.2367***
(0.0172)  (0.0183)  (0.0173)  (0.0183)  (0.0194)
log (Dist;;) -0.0557***  -0.0214***  -0.0507***  -0.0211***  -0.0529***
(0.0032) (0.0039) (0.0033) (0.0039) (0.0046)
1 (Legalﬁ) 0.0250***  0.0217***  0.0232***  0.0211***  0.0256***
(0.0044) (0.0044) (0.0044) (0.0044) (0.0045)
1 (Contiguity ;) 0.0839***  0.0666***  0.0769***  0.0644***  0.0841***
(0.0113)  (0.0112)  (0.0113)  (0.0112)  (0.0113)
1 (Common Langﬁ) 0.0400***  0.0267***  0.0373***  0.0263***  0.0393***
(0.0083) (0.0083) (0.0083) (0.0083) (0.0084)
IOg(TI'ELdeji’z()(ﬂ) 0.0428*** 0.0404***
(0.0028) (0.0029)
log(MP j; 2007) 0.0068***  0.0030***
(0.0010) (0.0010)
1 (Deep Trade Agree;; 5007) 0.0103
(0.0126)
log (hf;i)znm -0.2466***  -0.2871***  -0.2552***  -0.2887***  -0.2468"**
(0.0077)  (0.0081)  (0.0078)  (0.0081)  (0.0077)
jxsFE v v v v v
ixsFE v v v v v
Observations 10800 10800 10800 10800 10800

Notes: This table presents regressions of the MNE relative productivity shock, log (ﬁjl), on gravity variables,

based on Equation (Appendix C.4). The sample is a cross-section of shocks from the Great Recession (2008-2009
log changes). ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.5: MNE Selling Shock During the Great Recession

1) 2 ®3) 4) ©)
log (#13,)
1(i =j) 0.1467***  0.1409***  0.1382***  0.1401***  0.1737***
(0.0142)  (0.0153)  (0.0143)  (0.0153)  (0.0160)
log (Dist;;) -0.0175%**  -0.0154***  -0.0142*** -0.0149***  -0.0078**
(0.0022) (0.0030) (0.0023) (0.0030) (0.0035)
1 (Legalﬁ) 0.0030 0.0028 0.0020 0.0020 0.0052
(0.0035) (0.0035) (0.0035) (0.0035) (0.0035)
1 (Contiguity ;) 0.0210** 0.0201** 0.0176** 0.0178** 0.0218**
(0.0089) (0.0089) (0.0089) (0.0089) (0.0089)
1 (Common Langﬁ) 0.0212***  0.0203***  0.0195***  0.0198***  0.0186***
(0.0065) (0.0066) (0.0065) (0.0066) (0.0066)
IOg(TI'ELdeji’z()(ﬂ) 0.0022 -0.0008
(0.0021) (0.0022)
log(MP j;,2007) 0.0035***  0.0036™*
(0.0008) (0.0008)
1 (Deep Trade Agree;; 5007) 0.0361***
(0.0099)
log (H;i)m07 -0.2549***  -0.2550"**  -0.2566***  -0.2566***  -0.2570***
(0.0075)  (0.0075)  (0.0075)  (0.0075)  (0.0076)
jxsFE v v v v v
ixsFE v v v v v
Observations 10800 10800 10800 10800 10800

Notes: This table presents regressions of the MNE relative productivity shock, log (ﬁ JSZ), on gravity variables,
based on Equation (Appendix C.4). The sample is a cross-section of shocks from the Great Recession (2008-2009

log changes). ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.6: MINE Final Demand Shock During the Great Recession

) 2 ®3) 4) ()
log (d;l)
1(i = j) 0.0253 -0.0239 0.0185 -0.0241 0.0442**
(0.0196)  (0.0213)  (0.0199)  (0.0213)  (0.0222)
log (Dist;;) -0.0348***  -0.0167*** -0.0324*** -0.0167*** -0.0277***
(0.0033)  (0.0045)  (0.0034)  (0.0045)  (0.0051)
1 (Legal;) 0.0096* 0.0077 0.0088* 0.0076 0.0112**
(0.0051)  (0.0051)  (0.0051)  (0.0051)  (0.0052)
1 (Contiguity ;;) -0.0133 -0.0205 -0.0157 -0.0208 -0.0128
(0.0130)  (0.0131)  (0.0131)  (0.0131)  (0.0130)
1 (Common Lang;) -0.0327***  -0.0396™**  -0.0338***  -0.0397***  -0.0346***
(0.0096)  (0.0096)  (0.0096)  (0.0096)  (0.0096)
1Og(Tl‘adeji72007) 0.0182*** 0.0179***
(0.0031) (0.0032)
log(MP ; 2007) 0.0024** 0.0004
(0.0011)  (0.0012)
1 (Deep Trade Agree;; 507) 0.0265*
(0.0145)
1og (a5;) 5007 -0.2381***  -0.2380***  -0.2354*** -0.2375***  -0.2382***
(0.0097)  (0.0097)  (0.0098)  (0.0098)  (0.0097)
jxsFE v v v v v
ixsFE v v v v v
Observations 10800 10800 10800 10800 10800

92

Notes: This table presents regressions of the MNE relative productivity shock, log (d;z), on gravity variables,

based on Equation (Appendix C.4). The sample is a cross-section of shocks from the Great Recession (2008-2009
log changes). ***p < 0.01, **p < 0.05, *p < 0.1.



Table Appendix C.7: Trade Cost Shock During the Great Recession

1) 2 ®) 4) ©)
log (#3,)
1(i = j) -0.1867***  -0.1154™*  -0.1781**  -0.1157*** -0.2162***
(0.0169) (0.0173) (0.0170) (0.0173) (0.0190)
log (Dist;;) 0.0489***  0.0245***  0.0460***  0.0246™**  0.0383***
(0.0033) (0.0036) (0.0034) (0.0036) (0.0046)
1 (Legal ;) 0.0060 0.0092** 0.0071* 0.0090** 0.0035
(0.0042) (0.0042) (0.0042) (0.0042) (0.0043)
1 (Contiguityﬁ) 0.0170 0.0330%** 0.0210* 0.0327*** 0.0162
(0.0107) (0.0106) (0.0107) (0.0107) (0.0107)
1 (Common Langﬁ) 0.0016 0.0115 0.0033 0.0114 0.0044
(0.0079) (0.0078) (0.0079) (0.0078) (0.0080)
IOg(TI'ELdeji’z()(ﬂ) -0.0569*** -0.0576***
(0.0036) (0.0038)
log(MPj;,2007) -0.0041***  0.0006
(0.0009) (0.0010)
1 (Deep Trade Agree;; 5007) -0.0405***
(0.0119)
log (kﬁi)zom -0.1741%**  -0.2506***  -0.1766***  -0.2512***  -0.1747***
(0.0048) (0.0068) (0.0048) (0.0068) (0.0048)
jxsFE v v v v v
ix s FE v v v v v
Observations 10800 10800 10800 10800 10800

Notes: This table presents regressions of the MNE relative productivity shock, log (];JJSZ), on gravity variables,

based on Equation (Appendix C.4). The sample is a cross-section of shocks from the Great Recession (2008-2009
log changes). ***p < 0.01, **p < 0.05, *p < 0.1.
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Figure Appendix C.1: Sectoral Shock Distributions (2008-2009)
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Description: This figure displays the distributions of key model shocks across countries or country pairs by sector, measured as log
changes from 2008 to 2009 under baseline calibration where o and ¢ take their mean values. These include MNE relative productiv-

ity shocks, log (

Non-manuf ‘

Durable Manuf

Non-durable Manuf ‘ ‘

Durable Manuf

Non-durable Manuf

AS

Agi ), domestic productivity shocks, log (A%), MNE final demand shocks, log (a$,,), sectoral final demand shocks,
i

log (&%), and labor supply shocks, log (éﬁ) Sectoral final demand shocks are only plotted for the durable and non-durable manufac-

turing sectors, having normalized non-manufacturing shocks to zero. To enhance presentation, distributions are winsorized at top and
bottom 1%.
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Table Appendix C.8: Estimated MNE and Trade Elasticities: Baseline

(1) 2) (3) (4)
log ( 5) 1.2324%*  2.2054***  2.1960"**  3.7023***
. (0.4895)  (0.6675)  (0.3202)  (0.4345)
log (t5;,) -2.1015*  -0.9432  -1.7176™**  -1.7219***
(0.3100)  (0.6263)  (0.3274)  (0.4716)
nxjxsFE v v
nx jFE v
nxsxtFE v v v
jxsxtFE v v v
n xtFE v
jxtFE v
Trade Agreement Control v v v v
Instrument Three Three Three Three
Mean Dep. VAR -6.0583 -6.0583 -6.0583 -6.0583
Mean log ( ;") 0.2557  0.2557  0.2557 0.2557
Mean log (£, ,) 0.0166 00166  0.0166  0.0166
F-Stat 11.9 10.4 16.2 31.1
o 3.1015 1.9432 2.7176 2.7219
Std. Err (o) (0.3100)  (0.6263)  (0.3274)  (0.4716)
¢ 2.7052 1.4109 1.7822 1.4651
Std. Err (¢) (0.7225)  (0.2979)  (0.1877)  (0.1386)
Observations 127440 127440 127440 127440
Notes: Column 1 presents the estimation of Equation where three instruments are used: tfwll/ =
: s MEN S a5 5 S U5 50
I{n applies MFN on j} x t;)}"" ", Up IV, , = ==Z=L_Jnt and Down IV, = S22t g and ¢
Drss 45 2o V5t

and their standard errors are computed with the Delta Method. Column 2-4 present estimations under alternative
fixed effect combinations. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.9: Estimated MNE and Trade Elasticities: Robustness Test

5
njj,t

E ss’ tot
s'#s T tq

(1) (2) (3) (4) (5)

log (%) 2.7150%*%*%  3.0955%**  1.5262%**  2.4179%** -0.0097

(0.7055)  (0.8300)  (0.3830)  (0.7389)  (0.0096)
log (t5;.,) -2.6918%FF  2.1431%4F 2 218TFFF 2.4329%¢F 2 0327F**

(0.3304)  (0.3344)  (0.2063)  (0.2719)  (0.1554)
nxjxsFE v v v
n x jFE v
nxsxtFE v v v
jxsxtFE v v v
nxtFE v
jxtFE v
Trade Agreement Control v v v v
Instrument Two Two Two Two NA
Mean Dep. VAR -6.0583 -6.0583 -6.0583 -6.0583 -6.0583
Mean log <§L) 0.2557 0.2557 0.2557 0.2557 0.2557
Mean log (thjJ:) 0.0166 0.0166 0.0166 0.0166 0.0166
F-Stat 7.4 7.4 7.2 12.6
o 3.6918 3.1431 3.2187 3.4329 3.0327
Std. Err (o) (0.3304)  (0.3344)  (0.2063)  (0.2719)  (0.1554)
¢ 1.9915 1.6923 2.4537 2.0062 -207.5118
Std. Err (¢) (0.2849)  (0.2148)  (0.3800)  (0.3274)  (205.2997)
Observations 127440 127440 127440 127440 127440

Notes: Column 1 presents the estimation of Equation where applied tariffs are treated as exogenous
s ss’ tot s’ s's tot s’
and two instruments are used for log (5—”) Up IV}, = 2orgs Gg  Line and Down IV? Zootgobitg ” bint

nj,t — s’s,tot
7 Dot bj,to

o and ¢ and their standard errors are computed with the Delta Method. Column 2-4 present estimations under
alternative fixed effect combinations. Column 5 presents the estimation without any IV. ***p < 0.01, **p < 0.05,
*

p < 0.1.
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Table Appendix C.10: Estimated MINE and Trade Elasticities: Different Sectors

™ 2 ®3) 4) ®) (6)

Tnng.t
10g ( h;7-f )
Durable  Non-durable Non-manufacturing  Durable  Non-durable Non-manufacturing

log (f;]) 2.2994 1.1169 1.7361%* 7.9670%%%  0.9238 1.9913%+*
Y (1.5453) (1.5896) (0.7550) (1.5335) (1.9214) (0.5666)
log (£5,;.,) -5.0279%FF  _0.8575** -1.6141%* 2.7485%  -4.6221%F* -1.6810%*
(0.9593) (0.4370) (0.6609) (1.6267) (0.7293) (0.8476)
nx j FE v v v
nxtFE v v v v v v
jxtFE v v v v v v
Trade Agreement Control v v v v
Instrument Three Three Three Three Three Three
Mean Dep. VAR -5.3859 -5.6966 -7.0923 -5.3859 -5.6966 -7.0923
Mean log ( gn) 0.3336 0.2506 0.1830 0.3336 0.2506 0.1830
Mean log (£5,,) 0.0144 0.0193 0.0162 0.0144 0.0193 0.0162
F-Stat 30.7 2.7 5.0 476 39.8 12.7
o 6.0279 1.8575 2.6141 3.7485 5.6221 2.6810
Std. Err (o) (0.9593) (0.4370) (0.6609) (1.6267) (0.7293) (0.8476)
¢ 3.1867 1.7678 1.9297 1.3450 6.0034 1.8442
Std. Err (¢) (1.5276) (1.1607) (0.5553) (0.2147)  (10.4367) (0.4888)
Observations 42480 42480 42480 42480 42480 42480
Notes: Columns 1-3 present the estimations of Equation for diﬁ;eren‘g sectors. Three instru-
ss' ,tot 8", IV
ments are used: t;ﬁ/ = I{n applies MFN on j} x tfb’yFN, UpIVy,, = M, and Down IV}, =

Sorse G

S b5 - :

T o and (¢ and their standard errors are computed with the Delta Method. Column 3-6 present
s'#s Yjtg

these estimations under alternative fixed effect combinations. ***p < 0.01, **p < 0.05, *p < 0.1.

Table Appendix C.11: Estimate Headquarters’ Share in MNE Productivity: Baseline

() @) 3) )
log ( 42
log <A> 0.2349%  0.2531"**  0.2532""  0.3802""
(0.0159)  (0.0200)  (0.0199)  (0.0145)
jx1FE v v v
ixtFE v v
s xtFE v v
nx s FE v

Mean Dep. VAR 0.0150 0.0150 0.0150 0.0150
Mean Indep. VAR 0.0000 0.0000 0.0000 0.0000
Observations 118800 118800 118800 118800

Notes: Column 1 presents the estimation of Equation (Appendix C.6)). Columns 2-4 present estimations under alternative fixed effect
combinations. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.12: Estimate Headquarters’ Share in MNE Productivity: Robustness Test

0 ) ®) )
log (/1;)
log <A§i7t> 0.1485%**  0.1342°%  0.09085"**  0.2056™*
(0.0182)  (0.0266)  (0.0264)  (0.0192)
log (A;j,t) 05875  0.6231°* 05775  0.4312°
(0.0269)  (0.0266)  (0.0271)  (0.0192)
jxtFE v v v
i1 Xt FE v v
sxtFE v v
nx s FE v

Mean Dep. VAR 0.0162 0.0162 0.0162 0.0162
Mean log /Alflt) 0.0012 0.0012 0.0012 0.0012
Mean log fljjt) 0.0012 0.0012 0.0012 0.0012
Observations 118800 118800 118800 118800

Notes: Column 1 estimates the following equation: log (Ajz,t> = ¢ log (Afw) + ¢2 log (AjjJ) +FE;:+ FE; + E;i,t. Columns 2-4

present estimations under alternative fixed effect combinations. ***p < 0.01, **p < 0.05, *p < 0.1.

Table Appendix C.13: Estimate Headquarters’ Share in MNE Productivity: Different Sectors

(1) (2) 3)

J3

Durable  Non-durable Non-manufacturing

log (%) 0.2060*** 0.0466* 0.2579***
(0.0269) (0.0277) (0.0492)
jxtFE v v v
Mean Dep. VAR 0.0135 0.0200 0.0114
Mean Indep. VAR 0.0000 0.0000 0.0000
Observations 39600 39600 39600

Notes: Columns 1-3 presents the estimation of Equation (Appendix C.6) for different sectors. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.14: Estimate Headquarters’ Share in MNE Productivity: Different Sectors,

Robustness Test

(1) (2) (3)
log (Ajl)

Durable  Non-durable Non-manufacturing
log (A;’t) 0.2517***  0.0305 0.4382***

(0.0290) (0.0306) (0.0561)
log (43, 0.4852°*  0.3173" 0.6954"+*

(0.0290) (0.0306) (0.0561)
j FE v v v
i FE v v v
Mean Dep. VAR 0.0157 0.0168 0.0162
Mean log (A, , 0.0012 0.0012 0.0012
Mean log ( A, , 0.0012 0.0012 0.0012
Observations 39600 39600 39600

Notes: Column 1-3 estimate the following equation for different sectors: log (A;Z t) = ¢1 log (A; t) =+ ¢2 log (A;] t) +FE;+ FE; +

S
€itr

*Hxp < 0.01, ¥¥p < 0.05, *p < 0.1.

Table Appendix C.15: Estimated Final Demand Elasticity for MNEs

1 ) ®3) 4)
10g (85,,.4)

log (P;m) 1.7259" -2.1205 -0.8084*** -0.0205*

(0.7041) (0.7860) (0.2170) (0.0067)
nxsxtFE v v
nxtFE v v
sxtFE v v
m x t FE v
Instrument MNE productivity MNE productivity MNE productivity NA
Mean Dep. VAR 0.0098 0.0098 0.0098 0.0098
Mean Indep. VAR 0.0349 0.0349 0.0349 0.0349
First Stage F 16.3 15.2 146.7
Observations 116820 116820 116820 116820

Notes: This table presents the estimate of final demand elasticity for MNEs. Column 1 shows the baseline spec-
ification, Equation . Columns 2 and 3 show the estimates under alternative fixed effect combina-
tions. Column 4 shows the estimate without the IV. The IV is constructed based on Equation .
*rkp < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix C.16: Estimated Sectoral Final Demand Elasticity

(1) 2) ®3) 4)
IOg (sfz,t)

log (P; ;) -0.8076** -0.8978* -0.3427 -0.0137
(0.3425) (0.5094) (0.2334) (0.0443)

nxtFE v v v

s FE v

Instrument MNE productivity MNE productivity MNE productivity NA

Mean Dep. VAR -0.0012 -0.0012 -0.0012 -0.0012

Mean Indep. VAR 0.0263 0.0263 0.0263 0.0263

First Stage F 28.0 13.5 2.2

Observations 1980 1980 1980 1980

Notes: This table presents the estimate of final demand elasticity for MNEs. Column 1 shows the baseline spec-
ification, Equation (Appendix C.9). Column 2 further controls sector fixed effect. Column 3 does not control
country-time fixed effect. Column 4 shows the estimate without the IV. The IV is constructed based on Equation

(Appendix C.10). ***p < 0.01, **p < 0.05, *p < 0.1.

Table Appendix C.17: Estimated Labor Supply Elasticity

(1) 2) ®3) 4) ®) (6)

log (%) 0.6129* 0.3824* 0.3032 0.5674* 0.4132* -0.0523***
(0.3204) (0.1955) (0.2449) (0.3036) (0.2164) (0.0183)

n FE v

s FE v

t FE v v v

nx s FE v v v v

sxt FE v

Instrument MNE productivity MNE productivity MNE productivity MNE productivity MNE productivity

Mean Dep. VAR -0.0063 -0.0063 -0.0063 -0.0063 -0.0063 -0.0063

Mean Indep. VAR 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048

First Stage F 7.2 14.1 6.7 7.5 13.5 NA

Observations 1008 1008 1008 1008 1008 1008

Notes: This table presents the estimate of labor supply elasticity. Column 1 shows the baseline specification,

Equation (Appendix C.11)). Column 2-4 experiment with alternative fixed effect combinations. Column 5 does not
control any fixed effect. Column 6 shows the estimate without the IV. The IV is constructed based on Equation

(Appendix C.12). ***p < 0.01, **p < 0.05, *p < 0.1.
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Figure Appendix C.2: Estimated Elasticity Distributions

(a) Trade and MNE Elasticity (o and () (b) Headquarters’ Share in MNE Productivity (¢)

o
N

15
I

Density

T T T T T

15 2 .25 3 .35

Distribution: HQs' Share in MNE Productiivty, ¢
————— Baseline Calibration: HQs' Share in MNE Productiivty, ¢

(d) Labor Supply Elasticity ()

T T T

1.5 2 25 3 3.5

T T
Distribution: Elasticity of Substitution across Sectors, A 2 4 6 8 1

————— Baseline Calibration: Elasticity of Substitution across Sectors, A
Distribution: Elasticity of Substitution across MNEs within Sector, &
77777 Baseline Calibration: Elasticity of Substitution across MNEs within Sector, &

Distribution: Labor Supply Elasticity,

————— Baseline Calibration: Labor Supply Elasticity,

Notes: This figure shows the distributions of model parameters: trade and MNE elasticity (o and (), headquarters’ share in MNE
productivity (¢), sectoral and MNE final demand elasticity (A and §), as well as labor supply elasticity (). Figure
presents the asymptotic normal distributions for ¢ and ¢, with their estimated means and standard errors reported in Column 1 of
Table Since other parameter estimations depend on o and ¢, I draw 300 independent values for o and ¢ from their
distributions in Figure[Appendix C.2a) For each draw, I re-estimate the remaining parameters and then plot their distributions. Dashed
vertical lines indicate each parameter’s baseline estimated value when o and ¢ are at their respective mean. To enhance presentation,
simulated distributions are winsorized at top and bottom 5%.
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Appendiz C.10. Model Validation

Calibrated MNE Sourcing and Selling Frictions and MNE Productivity All Follow Gravity. Tables

[Appendix C.18 and [Appendix C.19|show that the calibrated MNE sourcing and selling efficiencies

and their productivity all follow gravity: MNEs are more efficient at sourcing and selling with
their headquarters and countries proximate with their headquarters (consistent with Fact . Fur-
thermore, MP incurs a productivity loss which increases with the distance between headquarters
and host countries (Antras and Yeaple, [2014)).

Specifically, I consider the following regression:

y;” = B11(i = j) + B2 log (Dist ;) + £31 (Legalji) + B4l (Contiguityﬁ) + Bs1 (Common Langji)

+ Bel (Deep Trade Agreeji,t) +FE;+ FE; + FE, + ¢

Ju,to

where y3, , € {log (h34) s log (H:

J Jit

e . : D

) , log ( Ai”)} denotes MNE sourcing and selling efficiencies
7t

and their productivity relative to domestic firms. The sample pools all country-pairs and years

(2005-2016), either by individual sector or combining all sectors.

Model Matches Inter-MNE Trade. The model’s calibration does not use sales from foreign affiliates
to foreign affiliates. Instead, these sales can be predicted by Equation : sales from foreign

affiliate in country j to foreign affiliate in n equal n-located foreign affiliates’ expenditure on j,

multiplied by foreign affiliates’ share in trade flows from j to n. Figure|Appendix C.3|demonstrates

that predicted MNE-to-MNE trade closely matches the data.

Model Matches GDP Data. Figure [Appendix C.4]shows the calibrated model’s ability to replicate

GDP data, which was not used in the model’s calibration. Figure [Appendix C.4al shows the

model matches year-over-year GDP growth across countries for all years. Figure |Appendix C.4b|

shows the model matches year-over-year GDP growth across countries during the Great Recession.

Figure |Appendix C.4c| further demonstrates the model predicts a world GDP loss of 1.7% during

the Great Recession, which is close to the 1.4% observed in the data.

Model Replicates Contribution by MNEs to Trade Collapse in Data. Table |[Appendix D.13| repli-

cates the empirical regressions from Table [Appendix A.4] studying MNEs” impact on the trade

collapse using model-predicted MNE trade. Columns 1-4 of Table [Appendix D.13| reproduce the
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findings: overall trade declined during the Great Recession (Column 1); MNE trade declined more
because MNE sales declined more and MNEs are more trade intensive, yet MNE trade intensity did
not decline relative to domestic firms (Columns 2-3 for MNE importers/exporters respectively).
Column 4 confirms robustness when pooling MNE importers and exporters.

In Columns 5-8, I replicate these empirical regressions using trade values predicted by the
calibrated model as the dependent variable. They yield qualitatively similar coefficients to the

empirical regressions.

Model Matches Headquarters GDP-MNE Sales Correlation. 1 show that the correlation between
headquarters” GDP and its MNEs’ gross output is similar in both data and the model, implying
that headquarters shocks propagate to host countries via MNEs. I apply the following regressions
on country-bilateral and sector-level MP data for all years (2005-2016):

log (Gogs‘z‘,t) = P1log(GDP})) + FE; + FES  + €54,

(Appendix C.13)
log (GO3,; ;) = B1log(GDP;,) 4 B2 1log(GDP;,) + FE; + FE; + FE; + ¢€;

j ijit:
The first regression controls for host country (j)-sector (s)-year (t) fixed effects and uses variations
in headquarters’ GDP over time to identify its effect on MNE gross output. The second regression
relaxes the 7 — s — t fixed effect and controls host country GDP directly.
Columns 1 and 2 show that headquarters country’s GDP is strongly correlated with their
MNEs’ sales, and the correlation between headquarters” GDP and MNE sales is higher than

the correlation between host country’s GDP and MNE sales. In Columns 3 and 4, using model

predicted MNE sales and GDP, I'm able to replicate quantitatively similar patterns.

103



ues  Appendixz C.11. Tables and Figures for Model Validation

Table Appendix C.18: Gravity of MNE Sourcing and Selling Efficiencies

0 B @) @ ) ©) @ ®)
log (h5:,) log (H3;)
Durable Manufacturing ~ Non-durable Manufacturing ~ Non-manufacturing All Durable Manufacturing ~ Non-durable Manufacturing ~ Non-manufacturing All
1(i =) 0.918%%% 0737+ 0.758%%% 0.804%%% 0.348%%% 0.428%%% 0.391%%% 0.380%+%
(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%%* 0.02917%% 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 0175 0,123 0.0365* 0.1607 0,116+ 0.1047
(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 (Deep 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)
jFE v v v v v v v v
i FE v v v v v v v v
¢ FE v v v v v v v v
Observations 43,200 43,200 43,200 129,600 13,200 43,200 43,200 129,600
Notes: This table presents the correlations between the MNE sourcing and selling efficiencies (h;i,t and H;i,t) 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 deep trade

agreements with the trade partner. Robust standard errors in parentheses. The sample comprises all country-pairs and years (2005-

2016). * % * p<0.01, ** p<0.05, * p<0.1.

Table Appendix C.19: Gravity of MNE Relative Productivity

1 2 (3) “4)
log (::’ : )
Durable Manufacturing ~ Non-durable Manufacturing ~ Non-manufacturing All
1(i = 5) 3.860%%* 17.38%+* 4.606%** 8.617%%*
(0.0843) (0.324) (0.127) (0.145)
log (Dist;;) -0.917%4% -3.739%4% -2.134%%% -2.263%4%
(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%%% 3.57THH*
(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 (Deep Trade Agreey; ) -0.326%%* S1.215%% -0.558%#% -0.700%%*
(0.0332) (0.128) (0.0500) (0.0572)
j FE v v v v
i FE v v v v
t FE v v v v
Observations 43,200 43,200 43,200 129,600

Notes: This table presents the correlations between the productivity of an MNE relative to domestic firms in the same host country

) and gravity variables: whether the MNE is operating in their headquarters, the distance between the headquarters and the host

Ji
country, as well as whether the headquarters share the same legal origin, common border, common language, and deep trade agreements
with the host country. Robust standard errors in parentheses. The sample comprises all country-pairs and years (2005-2016). ***
p<0.01, ** p<0.05, * p<0.1.
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Figure Appendix C.3: Sales from MNEs to MNEs in Model and Data
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Notes: This figure plots actual (x-axis) versus model-predicted (y-axis) inter-MNE sales between any country pair j-n for all years
(2005-2016). To avoid clutter, I present the binscatter plots with 20 equally sized bins.

Figure Appendix C.4: GDP in Model and Data

(a) GDP Changes Across Countries
and Years
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(b) GDP Changes Across Countries
During the Great Recession (2009)
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(c) World GDP Change During the
Great Recession

Density
4 60 80 100

20

Distribution: Predicted Log World GDP Change (2008-2009)
————— Baseline Calibration: Predicted Log World GDP Change (2008-2009)
————— Data

Notes: These figures demonstrate the model’s ability to replicate GDP data. Figure plots model-predicted (y-axis)
versus data (x-axis) year-over-year GDP changes across countries. To avoid clutter, I present binscatter plots with 20 equally sized bins.
Figure [Appendix C.4b| plots 2009 country-level GDP growth with model-predicted on the vertical axis and actual on the horizontal.
Figure [Appendix C.4c| presents model-implied world GDP growth (red), actual world GDP growth (green), and the distribution of
model-implied world GDP growth. This distribution arises from 300 independent draws of o and (, for each of which I recalibrate the

model and compute world GDP statistics.
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Table Appendix C.20: Impact of MNEs on Trade Collapse: Data and Model

) ) 3) (4) (5) (6) (M) (®)
log(T3ji.1) log (T3 ji.0)
I{t = 2009} x I{n # j} -0.1680***  -0.1625%**  -0.1709%**  -0.1632***  -0.1455%**  -0.1381%**  -0.1521%**  -(0.1437***
(0.0193) (0.0210) (0.0208) (0.0222) (0.0196) (0.0213) (0.0217) (0.0231)
I{t = 2009} x I{n # j} x I{m = F} 0.0386 0.0273 0.0420 0.0367
(0.0309) (0.0304) (0.0359) (0.0358)
I{t = 2009} x I{n # j} x I{i = F} 0.0732%*%  0.0613* 0.0796%*  0.0733%*
(0.0338) (0.0336) (0.0362) (0.0369)
I{t = 2009} x I{m = F} ~0.0952%% -0.0836% -0.1121%% -0.1069%%*
(0.0291) (0.0286) (0.0327) (0.0326)
I{t = 2009} x I{i = F} -0.0937%%%  _0.0809** -0.0866™*  -0.0796**
(0.0321) (0.0320) (0.0343) (0.0351)
nxmxjxixsFE v v v v v v v v
t FE v v v v v v v v
Observations 125316 125316 125316 125316 125316 125316 125316 125316

Notes: Table reports the regression results of equation (Appendix A.2) and (Appendix A.3)).

of pre-period trade value (3

2008 Ts

The regression is weighted on sum

1=2006 Trmij ). Robust standard errors clustered at the importer country-importer firm type-exporter
country-exporter firm type-sector (nmjis) level are displayed in parentheses. The sample is restricted to year 2007, 2008 and 2009.

Columns 1-4 employ actual MNE trade flow values as the dependent variable, whereas Columns 5-8 use values predicted by the
calibrated model. ***p < 0.01, **p < 0.05, *p < 0.1.

Table Appendix C.21: Correlation Between MINE Sales and Headquarters GDP in Data and Model

log(GOy3; ,), Data log(GO3; ;), Model
(1) 2) 3) (4)
log (GDPift) 0.2997***  0.2997***  0.2050***  0.2050***
(0.0781)  (0.0777)  (0.0519)  (0.0517)
log (GDPﬁt) 0.2599*** 0.1806***
(0.0777) (0.0517)
ix s FE v v v v
jxsFE v v
sxtFE v v
jxsxtFE v v
Observations 127440 127440 127440 127440

Notes: This table presents estimated coefficients from Equation (Appendix C.13), which regresses MNE sales on headquarters’ and
host country’s GDP. The sample comprises all country-bilateral, sector-level MP data spanning 2005-2016. Columns 1-2 employ actual
MNE sales and GDP data, while Columns 3-4 use MNE sales and GDP implied by the calibrated model.
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uso  Appendix D. Quantitative Analysis

o Appendiz D.1. Impact of Sector Characteristics on Key Model Shocks (Final Demand, Domestic

1471 Productivity, MNE Relative Productivity)

1472 To related calibrated model shocks to actual economic indicators and inform policy, I employ
73 a variance decomposition approach similar to Levchenko et al.| (2010) and Levchenko et al.| (2011]).
ua  Specifically, I regress sectoral final demand shocks, domestic productivity shocks, and MNE relative
s productivity shocks on a broad set of sectoral characteristics. I then compute each characteristic’s
e predictive power for these shocks.

1477 Using the NBER-CES Manufacturing Industry Database, which covers 355 NAICS 6-digit

us  sectors for the US, I compute the filtered final demand shock for each sector. This computation

e follows the calibration method used in the model, detailed in Section |[Appendix C.1}

11—
ABenChmark)
as P,
~s __ Sus ( us

Qus = §Benchmark N 1-X
Us Ps
Us

o Here, §7,¢ denotes the change in sector s’s share in US final expenditure (computed using NBER-
us CES and US BEA Input-Output Table data), and P5 5 denotes the change in sectoral price (from

w2 NBER-CES). I set A = 1.81. I take NAICS 6-digit sector 339999 as the benchmark sector.

~

1483 I measure sectoral domestic productivity shock (log (AISJ&US>) as the change in value added

usa per worker deflated by the change in sector price. To measure the shock to MNE productivity

AS
Ays,MNE

As
AUS,US

ugs  relative to domestic firms (log ( )), I use the difference in the change of value added per
uss worker between foreign affiliates operating in the US (from US BEA statistics) and overall US
usr  value added per Worker.m I compute these shocks in terms of changes from 2008 to 2009. As
ugs  regressors, I employ a comprehensive set of sector characteristics from the literature, including

e Mmeasures of sectoral financial constraints as well as production and trade characteristics[”|

. . . . 2 A
1490 I consider the followingregression of sectoral shock y* € {log (6750s) - log (ASUS U S) ,log (W) }
’ ’ US,US

1o on sectoral characteristics across sectors, where X*" denotes the rth characteristics for sector s:

76See Section [Appendix A.1|for a detailed account of how I collected and combined these datasets.
""They include sectoral asset tangibility, capital intensity, contract intensity, external finance dependence, inter-
mediate input intensity, inventory ratio, skill intensity, trade credit intensity, and sector upstreamness.
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y® = Z BrXTT + €. (Appendix D.1)

Column 1 of Table [Appendix D.1|shows a negative correlation between the filtered demand shock

and both capital and skill intensity. This is consistent with Levchenko et al. (2010)) and other
trade collapse studies finding the greatest demand decline in durable manufacturing. Sectors
with higher contract intensity experienced less demand decline, consistent with Rauch| (1999) and
Nunn| (2007) showing relationship-specific trade’s resilience. Columns 2-11 show that regressing
the filtered demand shock on sectoral characteristics individually leads to coefficients consistent

with the joint regression.

Table |[Appendix D.2| shows that sectors intensive in inventories, trade, and upstreamness ex-

perienced greater decrease in domestic productivity shocks. This suggests that sectors with larger
inventory holdings, often indicative of financial constraint (Manova et al. 2015), incurred larger
productivity decreases during the Great Recession. Furthermore, due to trade and supply chain
disruptions, trade-intensive sectors and those dependent on other sectors for sales also suffered

greater productivity loss.

Table [Appendix D.3| shows that MNEs held a comparative advantage over domestic firms

in sectors characterized by higher trade intensity and more intensive trade credit requirements.

These findings are consistent with cross-country evidence from Section |[Appendix C.3| and works

like Alfaro and Chen|(2012). Furthermore, upstream sectors experienced a greater decline in MNE

productivity relative to domestic firms.

Variance Decomposition. The contribution of each sector characteristics r to each shock s can be

computed with a variance decomposition approach, as follows:

Cov, (Zr frxer, BTXS,T)
Var; <ZT BTXSW) .

(Appendix D.2)

For each shock, I obtain the estimated coefficient for sector characteristic r, /@", from Column 1 of
its corresponding regression table. I then calculate each sector characteristic’s contribution using
a covariance-to-variance ratio. Specifically, I take the covariance between the overall predicted

shock (accounting for all sector characteristics) and the predicted change attributed to that specific

108



1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

1528

1529

1530

1531

characteristic, divided by the variance of the overall predicted shock. All covariance and variance
terms are computed across sectors. The contribution of all characteristics add up to one.

Table |3 shows the key industry characteristics for each shock type: For final demand shocks:
Capital intensity, skill intensity, and contract intensity. For domestic productivity shocks: Inven-
tory intensity, trade intensity, and sector upstreamness. For MNE relative productivity shocks:
Trade intensity, sector upstreamness, and trade credit intensity.

I investigate the impact of policies targeting firms in sectors adversely affected by demand, do-
mestic productivity, or MNE relative productivity shocks. Specifically, demand policies mitigate
firm performance differences related to variations in capital, skill, and contract intensity. These
policies mitigate 74.1% of actual demand shocks, 2.5% of domestic productivity shocks, and 17.1%
of MNE relative productivity shocks. Supply policies address firm performance differences stem-
ming from variations in inventories, trade intensity, and upstreamness. They mitigate 92.6% of
domestic productivity shocks, 9.5% of demand shocks, and 62.7% of MNE relative productivity
shocks. MNE policies target firm performance differences linked to variations in trade intensity,
trade-credit intensity, and upstreamness. They reduce MNE relative productivity shocks by 79.8%,

demand shocks by 11.3%, and domestic productivity shocks by 50.3%.
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Table Appendix D.1: Impact of Sector Characteristics on Sectoral Final Demand Shocks

) 2) ®3) ©) (5) (6) (7 ®) ) (10) (11)

log (47/5)

Asset Tang, -0.028  -0.448***
(0.119)  (0.088)

Capital Intensity -0.044*** -0.092***
(0.013) (0.011)
Contract Intens. 0.196*** 0.299***
(0.046) (0.041)
External Fin. Depen. -0.018 0.006
(0.024) (0.027)
Interm. Intens. -0.194*** -0.287*
(0.070) (0.077)
Inventory Ratio 0.235 1.134***
(0.300) (0.257)
Skill Intensity -0.110*** -0.094***
(0.024) (0.026)
Trade Credit Intens. 1.073*** 1.062**
(0.365) (0.431)
Trade Intens. 0.008** 0.014***
(0.004) (0.004)
Upstreamness -0.000 -0.051%**
(0.011) (0.012)
R-squared 0.299 0.067 0.156 0.127 0.000 0.037 0.051 0.035 0.017 0.027 0.045
Observations 352 364 364 364 364 364 364 364 364 352 364

Notes: This table presents the coefficient of regression (Appendix D.1)) where I regress sector final demand shock log (64‘;] s) on sector
characteristics jointly and individually. The sample is cross-NAICS 6-digit sector data from the NBER-CES database matched with
sector characteristics from various sources. The shock refers to change from 2008 to 2009. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix D.2: Impact of Sector Characteristics on Domestic Productivity Shocks

1) 2 ®3) (4) (5) (6) () (®) ) (10) (11)
log (ASUS,US)
Asset Tang. -0.230 0.065
(0.148)  (0.091)
Capital Intensity 0.018 0.003
(0.016) (0.012)
Contract Intens. -0.001 0.007
(0.057) (0.044)
External Fin. Depen. 0.002 0.011
(0.029) (0.027)
Interm. Intens. -0.178** -0.088
(0.088) (0.079)
Inventory Ratio -1.516*** -0.953***
(0.373) (0.261)
Skill Intensity -0.025 -0.024
(0.029) (0.027)
Trade Credit Intens. -0.196 -0.774*
(0.455) (0.436)
Trade Intens. -0.011** -0.011**
(0.005) (0.005)
Upstreamness -0.057*** -0.044***
(0.014) (0.012)
R-squared 0.126 0.001 0.000 0.000 0.000 0.003 0.036 0.002 0.009 0.015 0.033
Observations 352 364 364 364 364 364 364 364 364 352 364

Notes: This table presents the coefficient of regression (Appendix D.1}) where I regress domestic productivity shock log (A?}S US) on

sector characteristics jointly and individually. The sample is cross-NAICS 6-digit sector data from the NBER-CES database matched
with sector characteristics from various sources. The shock refers to change from 2008 to 2009. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table Appendix D.3: Impact of Sector Characteristics on MNE Performance Relative to Domestic

Firms
(1) ) () (4) (8) 9) (10) (11)

Asset Tang. 0.908 -0.230

(0.553)  (0.350)
Capital Intensity -0.120** -0.152%**

(0.059) (0.046)
Contract Intens. 0.108 0.467***

(0.214) (0.167)
External Fin. Depen. 0.213* 0.185*

(0.111) (0.103)
Interm. Intens. -0.067 -0.097

(0.328) (0.305)
Inventory Ratio -1.016 0.583

(1.403) (1.027)
Skill Intensity 0.125 0.037

(0.109) (0.102)
Trade Credit Intens. 5.955%** 4.852***

(1.705) (1.662)
Trade Intens. 0.089*** 0.092***

(0.018) (0.018)
Upstreamness -0.182%** -0.208***

(0.053) (0.047)
R-squared 0.175 0.001 0.030 0.022 0.009 0.000 0.001 0.000 0.024 0.070 0.052
Observations 343 355 355 355 355 355 355 355 355 343 355

Notes: This table presents the coefficient of regression (Appendix D.1l|) where I regress sector MNE relative productivity shock

As
10g( (AIS,]WNE

As
Us,us

and US BEA Multinational Activities Database matched with sector characteristics from various sources. The shock refers to change

from 2008 to 2009. ***p < 0.01, **p < 0.05, *p < 0.1.
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1522 Appendix D.2. How Trade-Only Model Underestimated the Impact of Productivity Shocks on Trade

1533 Collapse

1534 With a decomposition similar to Proposition [I, the change in world trade to GDP ratio in an

1533 economy with both domestic firms and MNEs during the Great Recession equals the following:

Tp2000 +Tr2000 1D 2008 + Tr2008
GDPp 2009 + GDPraoo9  GDPp 2008 + GDPr 2008
T'p,2009 T'p 2008

GDPpaoos  GDPp aoos

Trade Collapse in Trade Only Model

G D Pr 2008 + G D Pr 2009
GDPp 2008+G D Pr 2008 GDPp 2000+G D Pr 2009 << TF,2009 TF,QOOS >_< TD,2009 TD,2008 ))

2 GDPr2009 GDPr 2008 GDPp 2009 GDPp 2008
MNE Share in World GDP

+

MNE Trade Resilience Relative to Domestic Firms
T'r,2008 T'r,2009 T'p,2008 T'p,2009
+ G DPF 2008 + GDPr.2o09  GDPp 2008 + GDPp 2009 GDPF,2009 _ GDPF72008
2 2 GDPp 2009 + GDPraoo9  GDPp 2008 + GDPr 2008

MP Collapse

MNE High Trade Intensity
(Appendix D.3)

1535 On the right-hand side of Equation (Appendix D.3)), the first term measures the trade collapse

1537 in the trade-only model or a model with only horizontal MNEs, who have same trade intensity
133 as domestic firms. The second term represents the product of MNE share in world GDP and the
139 difference in trade-to-GDP ratio changes between MNEs and domestic firms. The third term is
1590 the product of the higher MNE trade intensity and the MP collapse.

1541 Because MNEs were disproportionately affected by productivity shocks and have high trade
1522 intensity, the third term contributed negatively to productivity shocks’ overall impact on the trade
1513 collapse. Furthermore, these productivity shocks did not significantly affect MNE trade resilience
1s4e  relative to domestic firms. Since trade-only models or those with only horizontal MNEs ignore
s the second and third terms, they underestimate productivity shocks’ contribution to the trade

146 COllapse.
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Table Appendix D.4: Impact of Demand and Supply Shocks on Trade and GDP in Baseline MNE
Model, Trade Only Model, and Model without MNE Sourcing and Selling Efficiencies

Global Trade Relative to GDP

Global GDP

Demand Shocks

Supply Shocks

Demand Shocks Supply Shocks

Percent (%) Share (%) Percent (%) Share (%) Percent (%)  Share (%)  Percent (%) Share (%)
Baseline MNE Model -5.18 43.68 -8.05 67.88 -0.07 4.54 -1.88 130.34
[5.21,-5.15] [43.43, 43.94] [-8.11,-7.99] [67.35, 68.42] [-0.06,-0.07] [4.35,4.73] [-1.87,-1.90] [129.22, 131.47]
Trade Only Model -3.95 33.31 -0.90 7.62 -0.08 5.47 -1.38 95.82
[-3.98,-3.92] [33.06, 33.55] [-0.92,-0.89] [7.49,7.74]  [-0.08,-0.08] [5.30,5.64] [-1.38,-1.39]  [95.66, 95.98]
Without Sourcing -3.89 32.80 -2.44 20.59 -0.09 6.47 -1.35 93.44
and Selling Efficiencies  [.3.91, -3.87] [32.61, 32.99] [-2.45, -2.43] [20.47, 20.71]  [-0.09, -0.10]  [6.23, 6.71] [-1.35,-1.35]  [93.13, 93.74]

Notes: This table presents the impact of demand and supply shocks on global trade relative to GDP and on global GDP in the baseline
MNE model, the trade only model, and the model without MNE sourcing and selling efficiencies. The “Percent” variable indicates the
percentage change in trade relative to GDP and in GDP, compared to 2008 levels. The “Share” variable denotes the proportion of the
decrease in trade/GDP among total losses during the Great Recession. Numbers in hard brackets represent 95% confidence intervals,
computed from 300 independent draws from the distributions of externally calibrated parameters: o and (.

Table Appendix D.5: Impact of Demand and Supply Shocks

on Trade and GDP in Extended MNE

Models
Global Trade Relative to GDP Global GDP
Demand Shocks Supply Shocks Demand Shocks Supply Shocks

Percent (%) Share (%) Percent (%) Share (%) Percent (%)  Share (%)  Percent (%) Share (%)
CES Production -5.35 45.16 -8.64 72.84 -0.05 3.30 -1.90 131.40
(p=0.67) [5.39, -5.32] [44.89, 45.43]  [-8.70, -8.57]  [72.26, 73.42] [-0.05,-0.05] [3.14, 3.46] [-1.88,-1.92] [130.22, 132.59]
CES Production -5.52 46.53 -9.15 77.19 -0.05 3.37 -1.93 133.84
(p=01) [5.56, -5.48] [46.19, 46.86]  [-9.21,-9.09]  [76.69, 77.70] [-0.05,-0.05] [3.21,3.54] [-1.92,-1.95] [132.56, 135.12]
International Capital Flow -5.38 45.35 -5.40 45.56 -0.05 3.29 -1.84 127.10

[-5.40,-5.36] [45.18,45.53]  [-5.44,-5.36]  [45.24, 45.89] [-0.05,-0.05] [3.13, 3.45] [-1.82,-1.85] [126.12, 128.08]
Entry and Exit -5.71 48.15 -10.78 90.95 -0.03 2.02 -1.89 130.56

[-5.84,-5.58] [47.04,49.25] [-11.26,-10.31] [86.94, 94.98] [-0.03,-0.03] [1.78, 2.25] [-1.87,-1.90] [129.66, 131.46]

Notes: This table presents the impact of demand and supply shocks on global trade relative to GDP and on global GDP in different
extensions of the MNE model: (a) CES production functions with p = 0.67, (b) CES production functions with p = 0.1, (c) international
capital flows and risk sharing, and (d) firm entry and exit. The “Percent” variable indicates the percentage change in trade relative
to GDP and in GDP, compared to 2008 levels. The “Share” variable denotes the proportion of the decrease in trade/GDP among
total losses during the Great Recession. Numbers in hard brackets represent 95% confidence intervals, computed from 300 independent
draws from the distributions of externally calibrated parameters: ¢ and (.
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Table Appendix D.6: Impact of Removing Demand or Supply Shocks on Trade and GDP in Baseline
MNE Model, Trade Only Model, and Model without MNE Sourcing and Selling Efficiencies

Global Trade Relative to GDP Global GDP

No Demand Shocks No Supply Shocks No Demand Shocks No Supply Shocks

Percent (%)  Share (%)  Percent (%)  Share (%)  Percent (%) Share (%) Percent (%) Share (%)
Baseline MNE Model 2.16 18.22 7.24 61.07 0.07 4.56 1.89 130.82
[2.11,2.21] [17.80, 18.63] [7.02, 7.46] [59.25, 62.90] [0.06, 0.07] [4.36, 4.76] [1.87, 1.91]  [129.28, 132.37]

Trade Only Model 3.82 32.22 1.00 8.39 0.08 5.65 1.39 96.39
[3.79, 3.85]  [31.95,32.49] [0.98,1.01]  [8.26,8.53]  [0.08,0.08] [5.46,5.83] [1.39,1.40]  [96.24, 96.55]

Without Sourcing 2.11 17.78 0.89 7.49 0.10 6.68 1.35 93.61
and Selling Efficiencies  [2.08, 2.13]  [17.57, 17.99]  [0.88,0.90]  [7.39, 7.60]  [0.09, 0.10] [6.41, 6.96] [1.35, 1.36]  [93.36, 93.86]

Notes: This table presents the impact of removing demand or supply shocks on global trade relative to GDP and on global GDP in
the baseline MNE model, the trade only model, and the model without MNE sourcing and selling efficiencies. The “Percent” variable
indicates the percentage increase in trade relative to GDP and in GDP, compared to 2009 levels. The “Share” variable denotes the
proportion of the increase in trade/GDP that recovers the losses during the Great Recession. Numbers in hard brackets represent 95%
confidence intervals, computed from 300 independent draws from the distributions of externally calibrated parameters: ¢ and (.

Table Appendix D.7: Impact of Removing Demand or Supply Shocks on Trade and GDP in Extended

MNE Models
Global Trade Relative to GDP Global GDP
No Demand Shocks No Supply Shocks No Demand Shocks No Supply Shocks

Percent (%)  Share (%) Percent (%) Share (%) Percent (%)  Share (%)  Percent (%) Share (%)
CES Production 2.32 19.58 6.81 57.46 0.04 3.11 1.93 133.82
(p=0.67) [2.27,2.38]  [19.12,20.04]  [6.68, 6.95]  [56.33, 58.58]  [0.04,0.05]  [2.95,3.28]  [1.91, 1.96] [132.18, 135.47]
CES Production 3.40 28.71 6.17 52.06 -0.01 -0.53 1.91 132.12
(p=0.1) [3.32, 3.48]  [28.04,29.38]  [6.12,6.23]  [51.60, 52.52]  [0.01,-0.01] [-0.72,-0.35] [1.89, 1.93] [130.54, 133.70]
International Capital Flow 3.95 33.29 7.05 59.48 0.10 6.67 1.89 130.99

[3.90,3.09] [32.92,33.65] [6.81,7.30]  [57.42,61.53]  [0.09,0.10]  [6.36, 6.97]  [1.87, 1.92]  [129.40, 132.58]
Entry and Exit 6.22 52.44 13.28 112.01 0.04 2.71 1.94 134.44

[5.56, 6.87]  [46.87, 57.97] [13.07, 13.49] [110.25, 113.76]  [0.03, 0.04]  [2.42,2.99]  [1.94, 1.95]  [133.93, 134.96]

Notes: This table presents the impact of demand and supply shocks on global trade relative to GDP and on global GDP in different
extensions of the MNE model: (a) CES production functions with p = 0.67, (b) CES production functions with p = 0.1, (c¢) international
capital flows and risk sharing, and (d) firm entry and exit. The “Percent” variable indicates the percentage increase in trade relative to
GDP and in GDP, compared to 2009 levels. The “Share” variable denotes the proportion of the increase in trade/GDP that recovers
the losses during the Great Recession. Numbers in hard brackets represent 95% confidence intervals, computed from 300 independent
draws from the distributions of externally calibrated parameters: o and (.
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Table Appendix D.8: Impact of Different Shocks on Global Trade, MP, and GDP in Baseline MNE
Model

Global Trade Relative to GDP  Global MP Relative to GDP Global GDP

Percent (%) Share (%) Percent (%) Share (%) Percent (%) Share (%)
Demand Shock -5.18 43.68 -3.75 41.20 -0.07 4.54
[5.21,-5.15  [43.43,43.94]  [3.78,-3.73] [40.97, 41.43] [-0.06,-0.07]  [4.35, 4.73]

Domestic Productivity Shock -5.11 43.10 -6.64 72.84 -1.02 70.39
[-5.20, -5.03] [42.39, 43.82] [-6.77,-6.50] [71.37, 74.31] [-0.98,-1.06]  [67.74, 73.04]

Labor Suppy Shock -2.33 19.64 -0.87 9.57 0.32 -22.43
[-2.35, -2.31] [19.47, 19.80] [-0.92,-0.82]  [9.01, 10.13] [0.34, 0.31]  [-23.74, -21.13]

MNE Productivit Shock -6.08 51.25 -6.93 37.29 -0.96 66.54

[6.16,-5.99]  [50.56, 51.94]  [-7.02,-6.85] [36.84, 37.75] [-0.93,-0.99]  [64.45, 68.62]

Notes: This table presents the impact of different shocks on global trade relative to GDP, global MP relative to GDP, and global GDP
in the baseline MNE model. The “Percent” variable indicates the percentage change in trade relative to GDP and in GDP, compared to
2008 levels. The “Share” variable denotes the proportion of the decrease in trade/GDP among total losses during the Great Recession.
Numbers in hard brackets represent 95% confidence intervals, computed from 300 independent draws from the distributions of externally
calibrated parameters: o and (.
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Table Appendix D.9: Impact of Domestic Productivity and MNE Relative Productivity Shocks on
Global Trade, MP, and GDP in Extended MNE Models

Global Trade Relative to GDP Global MP Relative to GDP Global GDP
Percent (%) Share (%) Percent (%) Share (%) Percent (%)  Share (%)
Domestic Productivity Shocks
CES Production -5.46 46.09 -16.28 87.59 -1.02 70.59
(p=0.67) [-5.51,-5.42]  [45.71, 46.48]  [-16.37,-16.19]  [87.12, 88.07]  [-0.98, -1.06] [67.85, 73.33]
CES Production -5.64 47.56 -16.12 86.77 -1.03 71.21
(p=0.1) [-5.70,-5.58]  [47.07,48.04]  [-16.21,-16.04]  [86.30, 87.24]  [-0.99,-1.07] [68.37, 74.04]
International Capital Flow -3.36 28.36 -14.77 79.50 -0.99 68.42
[-3.38,-3.34]  [28.20, 28.53]  [-14.84, -14.71]  [79.14, 79.87]  [-0.95,-1.02]  [65.93, 70.90]
Entry and Exit -8.44 71.20 -18.39 98.94 -0.86 59.40
[-8.97,-7.92]  [66.77, 75.66]  [-19.49,-17.29] [93.06, 104.90] [-0.84, -0.87] [58.43, 60.37]
Without Sourcing -4.05 34.19 -15.78 84.91 -1.30 90.23
and Selling Efficiencies [-4.09,-4.02]  [33.87, 34.50]  [-15.85,-15.71]  [84.52, 85.31]  [-1.26,-1.35] [86.99, 93.47]

Productivity Shocks Affecting MNEs Relative to Domestic Firms

CES Production -6.40 53.97 -7.65 41.17 -0.92 63.88
(p=10.67) [-6.49, -6.31]  [53.18, 54.76] [-7.69,-7.61]  [40.94, 41.39]  [-0.90, -0.95] [62.05, 65.71]
CES Production -6.77 57.11 -8.63 46.43 -0.88 60.93
(p=0.1) [-6.87, -6.67)  [56.28, 57.94] [-8.65,-8.61]  [46.31, 46.56]  [-0.86, -0.90] [59.37, 62.48]
International Capital Flow -5.50 46.37 -6.84 36.80 -0.97 67.35
[-5.53, -5.46]  [46.07, 46.68] [-6.92,-6.75]  [36.35, 37.25]  [-0.94, -1.00] [65.16, 69.54]
Entry and Exit -4.89 41.28 -14.94 80.40 -1.03 71.39
[-5.02,-4.77)  [40.20, 42.36]  [-17.48,-12.46] [67.06, 94.07]  [-1.01,-1.05] [69.99, 72.78]
Without Sourcing -1.53 12.89 -13.03 70.12 -0.33 23.16
and Selling Efficiencies [1.55,-1.51]  [12.70,13.08]  [-13.08,-12.98] [69.87, 70.36]  [-0.32, -0.35] [22.21, 24.11]

Notes: This table presents the impact of domestic productivity shocks and MNE relative productivity shocks on global trade relative
to GDP, global MP relative to GDP, and global GDP in the baseline MNE model. The “Percent” variable indicates the percentage
change in trade relative to GDP and in GDP, compared to 2008 levels. The “Share” variable denotes the proportion of the decrease
in trade/GDP among total losses during the Great Recession. Numbers in hard brackets represent 95% confidence intervals, computed
from 300 independent draws from the distributions of externally calibrated parameters: o and (.

Table Appendix D.10: Impact of Demand and Supply Policies on Trade and GDP in Baseline MNE
Model and Trade Only Model

Global Trade Relative to GDP Global GDP

Baseline MNE Model Trade Only Model Baseline MNE Model Trade Only Model

Percent (%)  Share (%)  Percent (%)  Share (%)  Percent (%) Share (%) Percent (%)  Share (%)
Demand Policies 2.65 22.31 3.49 29.40 0.42 29.33 0.21 14.49
[2.56, 2.73]  [21.58, 23.05]  [3.46, 3.51] [20.10,20.62]  [0.41,0.43]  [28.67,30.00]  [0.21, 0.21]  [14.25, 14.73]

Supply Policies 6.29 53.07 2.53 21.37 1.75 121.05 0.90 62.59
[6.09, 6.49]  [51.36, 54.78]  [2.50, 2.56]  [21.12, 21.61]  [1.73, 1.77]  [119.80, 122.30]  [0.86, 0.95]  [59.73, 65.46]

Notes: This table presents the impact of demand and supply policies (as defined in Section on global trade relative to GDP and on
global GDP in the MNE model and the trade only model. The “Percent” variable indicates the percentage increase in trade relative to
GDP and in GDP, compared to 2009 levels. The “Share” variable denotes the proportion of the increase in trade/GDP that recovers
the losses during the Great Recession. Numbers in hard brackets represent 95% confidence intervals, computed from 300 independent
draws from the distributions of externally calibrated parameters: o and (.
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Table Appendix D.11: Impact of Demand and Supply Policies on Trade and GDP in Extended MNE

Models
Global Trade Relative to GDP Global GDP
Demand Policies Supply Policies Demand Policies Supply Policies

Percent (%) Share (%) Percent (%) Share (%) Percent (%)  Share (%)  Percent (%) Share (%)

CES Production 2.74 23.10 5.70 48.10 0.40 27.72 1.74 120.06
(p = 0.67) [2.65,2.82] [22.38,23.82] [5.56, 5.84]  [46.93,49.27]  [0.39, 0.41] [27.00, 28.44] [1.72, 1.75]  [118.80, 121.32]
CES Production 3.71 31.28 5.50 46.40 0.35 24.22 1.71 118.40
(p=0.1) [3.61, 3.80]  [30.47,32.09] [5.43,5.57)  [45.80,47.00]  [0.34,0.36] [23.31,25.13] [1.69, 1.73]  [117.19, 119.60]
International Capital Flow 4.09 34.46 6.05 51.02 0.47 32.48 1.76 121.63
[4.02, 4.16] [33.87,35.06] [5.83,6.27)  [49.17, 52.87]  [0.46, 0.48]  [32.02, 32.94] [1.74, 1.78]  [120.31, 122.95]
Entry and Exit 7.16 60.40 12.11 102.12 0.37 25.42 1.79 123.61
[6.46, 7.85]  [54.52, 66.23] [11.92,12.29] [100.56, 103.68]  [0.36, 0.37]  [24.93, 25.91]  [1.78,1.79]  [123.33, 123.88
Without Sourcing 1.92 16.22 2.38 20.04 0.37 25.94 1.68 116.50
and Selling Efficiencies [1.90,1.95]  [16.03, 16.41]  [2.37, 2.38) [19.96, 20.11]  [0.37, 0.38]  [25.37, 26.52]  [1.67, 1.70]  [115.27, 117.73)]

Notes: This table presents the impact of demand and supply policies (as defined in Section on global trade relative to GDP and on
global GDP in different extensions of the MNE model: (a) CES production functions with p = 0.67, (b) CES production functions with
p = 0.1, (c) international capital flows and risk sharing, (d) firm entry and exit, and (e) without MNE sourcing and selling efficiencies.
The “Percent” variable indicates the percentage increase in trade relative to GDP and in GDP, compared to 2009 levels. The “Share”
variable denotes the proportion of the increase in trade/GDP that recovers the losses during the Great Recession. Numbers in hard
brackets represent 95% confidence intervals, computed from 300 independent draws from the distributions of externally calibrated
parameters: o and (.

Table Appendix D.12: Impact of MNE Policies on Trade and GDP in Baseline MNE Model, Trade
Only Model, and Model without MNE Sourcing and Selling Efficiencies

Global Trade Relative to GDP Global GDP

Percent (%) Share (%) Percent (%)  Share (%)

Baseline MNE Model 5.23 44.11 1.29 88.98
[5.03, 5.43]  [42.46, 45.77]  [1.28,1.29]  [88.85, 89.10]
Trade Only Model 1.68 14.15 0.48 33.38
[1.66, 1.70]  [13.99, 14.31]  [0.46, 0.51]  [31.77, 35.00]
Without Sourcing 1.33 11.24 1.08 74.89
and Selling Efficiencies  [1.32,1.34]  [11.17, 11.30]  [1.08, 1.09]  [74.58, 75.20]

Notes: This table presents the impact of MNE policies (as defined in Section on global trade relative to GDP and on global GDP
in the baseline MNE model, the trade only model, and the model without MNE sourcing and selling efficiencies. The “Percent” variable
indicates the percentage increase in trade relative to GDP and in GDP, compared to 2009 levels. The “Share” variable denotes the
proportion of the increase in trade/GDP that recovers the losses during the Great Recession. Numbers in hard brackets represent 95%
confidence intervals, computed from 300 independent draws from the distributions of externally calibrated parameters: o and (.
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Table Appendix D.13: Impact of MINE Policies on Trade and GDP in Extended MNE Models

MNE Policies

Global Trade Relative to GDP Global GDP

Percent (%) Share (%) Percent (%) Share (%)

CES Production 4.69 39.52 1.27 87.92
(p = 0.67) [4.55,4.83]  [38.34,40.71]  [1.27,1.27]  [87.85, 87.99]
CES Production 4.54 38.25 1.24 85.51
(p=0.1) [4.46, 4.61]  [37.60,38.91]  [L.24,1.24]  [85.45, 85.56]
International Capital Flow 5.50 46.41 1.31 90.63

[5.30, 5.70]  [44.70,48.11]  [1.31,1.31]  [90.38, 90.89]

Entry and Exit 10.94 92.24 1.47 101.57
(10.50, 11.37]  [88.54, 95.91] [1.46, 1.48]  [101.04, 102.10]

Notes: This table presents the impact of MNE policies (as defined in Section on global trade relative to GDP and on global GDP
in different extensions of the MNE model: (a) CES production functions with p = 0.67, (b) CES production functions with p = 0.1, (c)
international capital flows and risk sharing, and (d) firm entry and exit. The “Percent” variable indicates the percentage increase in
trade relative to GDP and in GDP, compared to 2009 levels. The “Share” variable denotes the proportion of the increase in trade/GDP
that recovers the losses during the Great Recession. Numbers in hard brackets represent 95% confidence intervals, computed from 300
independent draws from the distributions of externally calibrated parameters: o and (.

Table Appendix D.14: Impact of MP-Propagated Top 10 Global HQ Domestic Productivity Shocks
on GDP, MP, and Trade in Other Countries

GDP (%) MP (%) Trade (%)
Top 10 HQ Domestic Productivity 29.07 18.67 5.41
Propagated through MP [13.28, 44.85] [15.07, 22.27]  [2.91, 7.90]
0.15 -2.49 -0.99

Top 10 HQ Domestic Productivity
[-0.06, 0.36] [-2.78,-2.19]  [-4.02, 2.04]
0.18 -0.44 -1.07

Top 10 HQ Final Demand
[0.07, 0.29] [-0.73, -0.15]  [-3.92, 1.77]

Notes: This table shows the impact of top 10 global MP headquarters’ shocks on cross-country variations in GDP change, MP-
to-GDP ratio change, and trade-to-GDP ratio change during the Great Recession among other countries. These shocks include:
(1) domestic productivity shocks propagating through MP; (2) domestic productivity shocks (direct); and (3) final demand shocks.
Numbers represent the percentage of cross-country variation explained by each shock category. Numbers in hard brackets represent
95% confidence intervals, computed from 300 independent draws from the distributions of externally calibrated parameters: o and (.
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Figure Appendix D.1: MP Model Concludes that Supply Shocks Contributed More to the Trade
Collapse than Demand Shocks: Extended Models

(a) CES Production Function, p = 0.67 (b) CES Production Function, p = 0.1
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Notes: This figure shows demand and supply shock impacts on trade collapse across extended MP model specifications, including: (a)
CES production functions with p = 0.67, (b) CES production functions with p = 0.1, (c¢) international capital flows and risk sharing,
and (d) firm entry and exit. The area represent 95% confidence intervals, computed from 300 independent draws from the distributions
of externally calibrated parameters: o and (.
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Figure Appendix D.2: MP Model Concludes that Removing Supply Shocks Lead to Greater Trade
Recovery than Demand Shocks

(a) MNE Model (b) Trade Only Model
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Notes: This figure shows the impact of removing demand or supply shocks on the trade collapse in different models: (a) the baseline
model with MP, (b) the model with only trade but no MP, and (¢) MP model without sourcing and selling efficiencies. The area
represent 95% confidence intervals, computed from 300 independent draws from the distributions of externally calibrated parameters:
o and (.
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Figure Appendix D.3: MP Model Concludes that Policies Targeting Supply Lead to Greater Trade
Recovery than Demand Shocks

(a) MNE Model (b) Trade Only Model
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Notes: This figure shows the impact of supply and demand policies on the trade collapse in different models: (a) the baseline model
with MP and (b) the model with only trade but no MP. The area represent 95% confidence intervals, computed from 300 independent
draws from the distributions of externally calibrated parameters: o and (.

Figure Appendix D.4: Impact of Shocks to MINE Sourcing and Selling Efficiencies on Trade and MP
during the Great Recession

1.3

1.2

Log Change in MP/Trade-to-GDP Ratio
1 1.1
1

O')_A

2007 2008 2009 2010 2011

Factual Trade - MP - Trade

Notes: This figure shows the impact of shocks to MNE sourcing and selling efficiencies on the trade and MP collapse. The area represent
95% confidence intervals, computed from 300 independent draws from the distributions of externally calibrated parameters: o and (.
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Figure Appendix D.5: Propagation through MP Linkages Amplified the Effect of Top Headquarters’
Domestic Productivity Shocks on Other Countries’ MP and Trade
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Notes: This figure shows the impact of top 10 headquarters’ domestic productivity shocks on MP /trade-to-GDP ratio growth across
other countries during the Great Recession under two scenarios: (1) propagation through both MP and trade; and (2) propagation
solely through trade. Actual data is presented on the horizontal axis, while model-simulated outcomes for each scenario appear on the
vertical axis. The dashed line is the fitted regression line. These results reflect the baseline calibration. Their confidence intervals are

presented in Table
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