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Abstract

This paper studies the effect of foreign direct investment (FDI) on the transmission of
international business cycles. In a sample of OECD countries between 1991 and 2006, I find
that increases in bilateral FDI linkages are associated with more bilateral synchronization
of real activity, in particular for aggregate investment. I then interpret these findings in a
simple international real business cycle model of foreign direct investment. Multinational
firms (i) transfer intangible technology capital to their foreign affiliates and are subject
to (ii) multinational-specific productivity shocks, (iii) and produce goods that are used as
inputs for other sectors. The calibrated model shows how the empirically observed changes
in FDI integration can explain the increase in international business cycle synchronization
measured in the data. The model suggests that the relation between FDI integration and
international synchronization depends on the type of shock hitting the economy, on how
intangible investments are measured in national accounts, and on how well international

financial markets are integrated.

Keywords: FDI integration, Co-movement, Investment synchronization, Multinationals, Tech-

nology capital, International business cycles
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1 Introduction

Multinational firms account for a large share of global production; in 2010, multinational firms
accounted for one-quarter of global GDP and about the same fraction of global gross fixed
capital formation (UNCTAD, 2011). Multinational firms by definition own production facilities

in multiple countries. They obtain these facilities by engaging in foreign direct investment (FDI),
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that is, the acquisition and control of foreign located capital and other production factors in
countries other than the parent firm. A natural question is therefore how these cross-border
linkages affect the international transmission of business cycles when countries become more
integrated in terms of foreign direct investment. While there is growing empirical evidence at the
firm, sectoral, and regional level that multinational activity is associated with more cross-country
correlation,' it is an open question how FDI integration affects the international co-movement
of important aggregate variables like Gross Domestic Product (GDP), its subcomponents, and
employment. This paper aims to fill this gap by contributing to both the empirical and the

theoretical debate on the effects of economic integration and aggregate synchronization.

Empirical contribution. The main empirical contribution is to document that increases in
bilateral FDI linkages are associated with more investment synchronization. In the benchmark
regressions, [ use a panel data-set of bilateral FDI linkages and data on GDP and investment
synchronization for 12 developed countries (including the G7) over the period 1991 - 2006.
Exploiting the panel data structure of the data, I focus on changes over time within developed
country-pairs.” The panel estimates assess how the evolution of business cycle synchronization
is related to (de-facto) bilateral FDI integration within each country pair, conditional on global
shocks, unobserved country-pair heterogeneity, and country-specific time trends. To the best of
my knowledge, I am the first to investigate the relationship between within country-pair changes

in bilateral FDI linkages and international synchronization of aggregate investment.?

I also document that the link between FDI linkages and output synchronization is positive but
statistically indistinguishable from zero once controlling for common shocks and unobserved
country-pair heterogeneity. This in confirms previous findings of Hsu, Wu, and Yau (2011) who
find mixed evidence on the relation between FDI flows and GDP co-movement, depending on

the empirical specification.

These two findings are important for two reasons. First, investment is a large component of
GDP, so to understand its behavior in response to international capital market integration has
its own merit. Second, and more importantly, these findings give additional moments to eval-
uate potential underlying mechanisms. In particular, an increase in cross-country investment
correlation following capital market integration stands in contrast to the risk sharing view of
financial integration usually taken in standard international business cycle theory. According to

this literature, when global financial markets integrate, resources should flow to the most pro-

1See Boehm, Flaaen, and Pandalai-Nayar (2015), Cravino and Levchenko (2016), Kleinert, Martin, and Toubal
(2015).

2Kalemli-Ozcan, Papaioannou, and Peydré (2013) have shown the importance to control for common shocks
and country-pair unobservable heterogeneity in the context of banking integration and business cycle synchro-
nization.

3Desai, Foley, and Hines (2005) study whether foreign direct investments are complements or substitutes for
domestic investment. They also show that domestic and foreign investment expenditures within U.S. multina-
tional firms are substantially correlated. However, this literature is silent on the relation between FDI integration
and international comovement of aggregate investment.



ductive country; this implies a strong tendency for negative investment co-movement.” While
also other explanations such as more correlated shocks, trade integration, or sectoral specializa-
tion are consistent with more co-movement when markets integrate, the empirical findings are
robust to controlling for these factors, which suggests that FDI linkages have a separate role for

business cycle transmission.

With respect to the weakly positive relation between FDI linkages and GDP synchronization,
one could argue that - on aggregate - effects of capital market integration are small. In fact,
many models of international business cycles generate that GDP co-movement is relatively less
insensitive to capital market integration than investment. As I will show in this paper, the
response of output to capital market integration depends on many things, like the international
financial market structure and the type of shock the economies are exposed to. Another pos-
sible interpretation is that GDP as constructed in national accounts does not correctly reflect
actual aggregate output due to the presence of unmeasured intangible investments. In national
accounts, intangible investments are largely expensed. There is a growing literature assessing
the importance of unmeasured intangible investments on growth and measured TFP, see, among
others, McGrattan and Prescott (2010), McGrattan and Prescott (2014), and Kapicka (2012).
Building on this literature, the theory studied in this paper gives rise to a cyclical varying
gap between (measured) GDP and actual output. Hence, the framework allows me to quantify
whether this gap affects the empirical estimates when regressing GDP synchronization on FDI

linkages.

The empirical findings are more broadly also related to a large literature on economic integra-
tion, focusing on trade and financial integration while abstracting from foreign direct invest-
ments. Typically, the literature finds a positive effect of trade or financial integration on GDP
synchronization (Imbs, 2004). On the other hand, recent findings by Kalemli-Ozcan, Papaioan-
nou, and Peydro (2013) suggest that the link between banking integration and business cycle

co-movement is negative.

Theoretical contribution. From a theoretical perspective, my contribution is to develop a
stylized dynamic stochastic equilibrium model of foreign direct investment. The theory em-
beds features from the models studied in McGrattan and Prescott (2009) and Ramondo and
Rappoport (2010) into a dynamic stochastic real business cycle framework. As in McGrattan
and Prescott (2009), multinationals accumulate technology capital. Similar to Ramondo and
Rappoport (2010), multinational firms produce non-tradable intermediate inputs to a final good
sector that produces traded goods. In addition, multinational firms are subject to firm-specific
stochastic productivity shocks and these shocks apply simultaneously to all production units the

multinational operates, both within and across country borders.” By allowing for multinational-

4This literature does typically not distinguish FDI from other financial assets. It either does not consider it at
all or views it as portfolio investment that can be used to hedge country-specific shocks, see for example Backus,
Kehoe, and Kydland (1992, 1994); Baxter and Crucini (1995); Heathcote and Perri (2002).

5This is similar to Cravino and Levchenko (2016) who also focus on horizontal FDI. In their setup, technology
is an exogenous shock that is only partially transferred to foreign affiliates. They abstract from endogenous



specific shocks, the multinationals itself act as a source of business cycles volatility - on top of
affecting the propagation of country-specific shocks that originate in other sectors of the econ-
omy. In my analysis, I consider different model versions (with and without multinational-specific
shocks) that help to disentangle the role played by each model ingredient for the link between

FDI openness and business cycle co-movement.

The first objective of the model is to illustrate a concrete mechanism through which exoge-
nous changes in FDI openness affect business cycle synchronization, in particular investment
synchronization, and to study how this mechanism works both under shocks to country-specific

aggregate productivity and shocks to multinational activity.

The second purpose of the model is to quantify the importance of technology capital and
multinational-specific shocks in explaining the observed relation between FDI integration and
international co-movement of GDP, its subcomponents, and employment. I find that the model
is qualitatively consistent with the empirical relation between FDI integration and business cy-
cle synchronization: the response of investment synchronization is positive and large while the
effect on GDP and employment is much weaker. Quantitatively, the technology capital and
multinational-specific shocks together explain roughly half of the empirical relation between
FDI integration and investment synchronization, while the effect of more FDI openness on GDP
synchronization is positive and close to zero. This suggests that the empirical findings are
qualitatively and quantitatively consistent with the hypothesis that exogenous changes to FDI

integration have significant effects on business cycle synchronization.

The third purpose is to shed light on what is driving the weak link between FDI integration
and GDP synchronization as found in the data. I find that the response of output depends on
the type of shock hitting the economy and on the ability of households to trade financial assets
across countries or not, that is, whether financial markets for households are complete or shut
down. In addition, the simulations reveal that the FDI-GDP regressions in the data might lead
to wrong conclusions. The reason is that there is a gap between GDP as constructed in national
accounts data and actual aggregate output; this gap is fluctuating systematically so that cross
country-correlations computed using GDP over-predict actual output correlations for country
pairs with small FDI linkages and under-predict actual output co-movement for country-pairs
with relatively large FDI linkages. In the benchmark model, both aggregate output and GDP
increases with more FDI openness. The marginal effect of more FDI openness on GDP, however,

is 50 percent lower than the actual marginal effect using the correct measure for value added.

The model is also related to a growing strand of literature that stresses the importance of
intangible capital for economic outcomes, such as asset prices (Eisfeldt and Papanikolaou, 2013),
managerial compensation (Lustig, Syverson, and Van Nieuwerburgh, 2011), or the life-cycle of
firms (Atkeson and Kehoe, 2005).% More closely related, Johri, Letendre, and Luo (2011) study

accumulation of physical and technology capital.
5These studies focus on organizational capital only whereas I adopt the broader definition of technology capital
by McGrattan and Prescott (2009) that includes Brands, R&D, and organizational capital.



the role of organizational capital for international investment co-movement and show that the
stochastic growth model with organizational capital better matches the unconditional cross-
country correlation of investment; their model, however, abstracts from multinational firms and

foreign direct investment and is therefore not suited to study the transition to FDI openness.

The paper is organized as follows. Section 2 reports the empirical methodology and the empirical
results. Section 3 introduces the theoretical framework. Section 4 presents the quantitative

results. Section 5 concludes.

2 Empirical results

In this section, I first describe the empirical methodology. I then present some pre-liminary
evidence on the relation between FDI integration and business cycle co-movement by splitting
the sample into two non-overlapping sub-samples. I then examine whether bilateral FDI linkages
have affected the synchronicity of aggregate investment and GDP, respectively, in the period 1991
- 2006.

2.1 Empirical specification
The empirical model is given by
Synchi ;= 0 + c; j + vF DI Linkages; j 1 + Zz/‘,j,tﬁ + Ui it for a=GDP,I. (1)

where Synchi;, is a time-varying bilateral measure reflecting the synchronization for growth
in gross domestic product (¢ = GDP) and investment (a = I), respectively, between coun-
tries ¢ and j in period (year) t. One period in the regression setup is one year. The variable
FDILinkages; j:—1 measures bilateral cross-border FDI positions between country ¢ and j in
the previous period (year), and ¢; ; is a country-pair specific unobserved heterogeneity that cap-
tures all time-invariant bilateral factors that affect both FDI integration as well as business cycle
and investment synchronization, respectively.” I also include time dummies (6;) to account for
shocks common to all countries. The vector zl’-7 ;¢ contains measures for trade linkages and the
product of the countries’ income per capita and the countries’ population. In addition, following
the literature, I control for industrial specialization by taking the sum of each sectors’ shares in
total value added over all sectors.® All controls are lagged by one period to reduce the problem
of potential endogeneity issues. As in Kalemli-Ozcan, Papaioannou, and Perri (2013), in order
to separate the relative importance of global and country-specific shocks, I also report results

for specifications where only country-specific time trends (¢g; and g;) and where both aggregate

"Other studies have stressed the importance of country-pair fixed effects, see Kalemli-Ozcan, Papaioannou,
and Peydro (2013) and Kalemli-Ozcan, Papaioannou, and Perri (2013).

8The importance of specialization patterns for business cycle comovement have been highlighted in the previous
literature, see among others Imbs (2006).



Table 1: Descriptive statistics
N Mean Sd Min Max P25 p50 p75 P95

G7 countries

Pairwise corr. of GDP 336 0.373  0.434 -0.811 0.968 0.105 0.479  0.725  0.895
Pairwise corr. of Investm. 336 0.265 0.425 -0.848 0.969 -0.0418 0.297 0.607  0.883
Synch. of GDP 336 -2.317 1.192 -7.617 -0.332 -2.929 -2.076 -1.446 -0.872
Synch. of Investm. 336 -7.463 3.620 -25.12 -0.378 -9.335 -6.911 -4.845 -2.724
FDI/GDP 336 2.106 2.064 0.0729 11.45 0.504 1.524  3.147  6.449
FDI/total FDI 336 5.594 5.133  0.270 22.73 2.009 4.072 6.943 18.06
Trade/GDP 336 1.817 1.692  0.240 6.309 0.515 1.000  3.218  5.480
Trade/total trade 336 4.708 4.706  0.395 20.83 1.594 3.080 6.679  14.95

All country pairs

Pairwise corr. of GDP 640 0.365 0.427 -0.811 0.968 0.0949 0.451 0.727  0.888
Pairwise corr. of Investm. 640 0.263 0.417 -0.848 0.969 -0.0326 0.302 0.583  0.881
Synch. of GDP 640 -2.501 1.427 -9.315 -0.187 -3.197 -2.129 -1.477 -0.898
Synch. of Investm. 640 -9.191 6.122 -42.54 -0.378 -11.13 -7.792 -5.090 -2.757
FDI/GDP 640 3.170 5.923 0.0466 54.70 0.475 1.492  3.491 10.77
FDI/total FDI 640 6.382 7.983 0.0762  50.92 1.400 4.072  8.050 19.14
Trade/GDP 640 1.721 1.749 0.0628 7.738 0.475 0.808  2.970  5.492
Trade/total trade 640 3.722  3.973  0.126 20.83 1.099 2.185  5.392 11.10

Notes: The table shows the descriptive statistics of the balanced sample for 40 country pairs from 1991 to 2006. The
pairwise correlations of GDP and investment are the correlation of hp-filtered real GDP and hp-filtered real gross fixed
capital formation, respectively. The GDP and investment synchronization indexes are defined in equations (2) and equation
(3), respectively. The indexes are computed on a quarterly basis and then transformed into yearly observations by taking
the average over four quarters. The synchronization indexes are in percent (annualized); FDI and trade ratios are defined
in equations (4) and (5), the unit is percent. For a data description and a list of country pairs included in the sample see
appendix A.

and country-specific time trends are included:
Synchg ;, = 0;+cij+ (9i +gj) -t +yF DI Linkages; j i1+ 2; 0+ i for a=GDP,I.

GDP

I measure business cycle synchronization (synchi’ it ) by the negative absolute distance in output

growth rates between country ¢ and country j in year t:
Synch{" = —|(InGDP;; —InGDP;;_1) — (InGDPj; — InGDPj;_)|. (2)
Analogously, cross-country investment synchronization in quarter ¢ is defined as

Synch];; = —|(InLiy —Inlip 1) — (InIje — In ;1)) (3)
This measure has several advantages, as it does not rely on the filtering of the data and is not
directly affected by the variance of the involved times series, see Kalemli-Ozcan, Papaioannou,
and Perri (2013) and references therein. As a robustness check, appendix B reports estimates
where the dependent variables are cross-country correlations of hp-filtered investment and GDP,
respectively. Applying the methodology of Kalemli-Ozcan, Papaioannou, and Perri (2013) to
bilateral FDI linkages, I measure cross-border FDI linkages in two ways. First, I use the sum of

bilateral asset and liabilities between countries 7 and j over the sum of the two countries’ GDP



in each year:

FDI FDIA; ;s + FDIL; j; + FDIA;;+ + FDIL;,
FDILinkages; j; = < ) = ijit T it T gt + Gist
1,7t

b 4
GDP GDP;, + GDPj, @

Second, I use bilateral FDI assets and liabilities divided by the sum of total FDI assets and

liabilities of the two countries:’

()

FDI FDIA;, FDIL; ; FDIA;; FDIL;,;
FDILinkages; j; = < > = ijit T Qg it T+ Gyt
7:7j7t

TotFDI FDIA;,+ FDIL;; + FDIA;, + FDIL;,

2.2 Data

The sample for the empirical analysis in the main text consists of balanced panel with 40 country
pairs from 1991 to 2006.'% These country pairs include all 21 country pairs of the G7 countries
and some country pairs involving Austria, Netherlands, Norway, and Sweden. For a detailed data
description see Appendix A. The appendix also confirms the estimation results when restricting
the sample to the 21 country pairs that consist of the G7 countries for the years between 1991 and
2006 and using an unbalanced panel consisting of country pairs involving 19 OECD countries.

Table 1 reports the descriptive statistics for the relevant variables in the sample.

2.3 Preliminary evidence before and after 2000

To get a first pass on the data patterns on the correlation between FDI integration and business
cycle synchronization, I run simple difference-in-difference type specifications on data before and
after 2000. Specifically, focusing on the balanced sample consisting of the 40 OECD country
pairs described in the appendix, I split the sample into two sub-samples, one covering the early
1990s (1991-1995) and the other covering the early 2000s (2001 - 2005). After 1995, average
bilateral FDI linkages and average bilateral synchronization increased notably.'! I then compute
averages for the synchronization measures (both of GDP and investment) for each sub-sample.
As for the FDI linkages, I lag them by four years, that is, I use the value reported at the

beginning of each time period.'?

9T also normalized bilateral FDI positions using total foreign assets and liabilities, finding similar results.

10The reason for using the restricted sample is data availability. For these country pairs there are no missing
values for bilateral FDI positions and we have a balanced sample. Using the full (unbalanced) sample with 18
countries from 1985 to 2006 does not alter the main conclusions. Appendix B reports additional estimation
results and robustness checks.

HGee figure 5 in appendix B. Bilateral FDI and trade linkages averaged over all country pairs before 1995 were
around 2 percent. After 1995, average bilateral FDI linkages start to increase sharply to 5 percent in 2005 while
average bilateral trade linkages stayed constant over time. At the same time, the average bilateral synchronization
of GDP increased from -2.5 percent in 1991-1995 to -1.5 percent in 2001-2005, while average bilateral investment
synchronization increased from - 12 percent in 1991-1995 to -8 percent in 2001-2005.

12This is analogous to Baxter and Kouparitsas (2005); they prefer specifications where bilateral comovement
measures are estimated on lagged trade linkages. In their analysis the synchronization measure is the bilateral
correlation of HP filtered GDP. The results presented here are robust to using the average linkages in each
sub-sample.



Table 2: Bilateral FDI Linkages and business cycle synchronization, 1991-1995 versus 2001-2005

Dependent Variable: ~ GDP synch. Inv. synch. GDP synch. Inv. synch.
(1) (2) (3) (4)
FDI/GDP -0.0520 1.736%*
(0.225) (0.822)
Trade/GDP 0.389 0.602
(0.668) (2.134)
FDI/Total FDI -0.00327 2.040%***
(0.223) (0.724)
Trade/Total Trade 0.288 1.578
(0.541) (1.629)
Country-pair fixed Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes
R-squared (within) 0.603 0.412 0.601 0.445
Observations 80 80 80 80

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over two non-overlapping 5-year time
periods, in the period 1991-1995 and the period 2001-2005, using 40 country pairs described in the appendix. The dependent
variable is minus one times the absolute value of the difference in quarterly growth rate of aggregate investment between
country 4 and j in year ¢ (the yearly estimate is obtained by averaging over the respective four quarterly estimates). In
columns (1) and (2) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment
Assets and Liabilities between countries ¢ and j relative to the sum of the two countries’ GDP (denoted FDI/GDP). In
columns (3) and (4) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment
Assets and Liabilities between countries ¢ and j relative to the sum of the two countries’ total FDI Assets and FDI Liabilities
vis-a-vis the entire world (denoted FDI/Total FDI). All specifications also include the log of the two countries’ per capita
GDP, the log of the product of the two countries’ population, and the log of the industrial specialization index as defined
in the appendix; all controls are included with four years lag. All specifications include the log of the share of bilateral
export and import flows between countries ¢ and j relative to the sum of the two countries’ GDP (Trade/GDP), also lagged
by four years. The specifications in (3) and (4) include the log of the share of bilateral export and import flows between
countries 7 and j relative to the sum of the two countries’ total exports and imports (Trade/Total Trade). All specifications
include time and country-pair fixed-effects. Standard errors adjusted for panel (country-pair) specific auto-correlation
and heteroskedasticity and standard errors are reported below the point estimates. A * denotes significance at the 90%
confidence level, ** denotes significance at the 95% confidence level, *** denotes significance at the 99% confidence level.
For a detailed data description see appendix A.

2.4 FDI linkages and investment synchronization

This section reports the findings on the relation between FDI integration and international in-
vestment synchronization. Table 3 reports the benchmark estimates on the relation between
FDI integration and investment synchronization for the G7 countries for the period 1991- 2006.
The specification in column (1) controls for country-pair fixed effects and country specific time
trends. The coefficient is positive and statistically different from zero. That is, conditional
on country specific shocks, within country-pair increases in FDI integration are associated with
more synchronized investment. In column (2), I include time fixed-effects to account for common
global shocks, while column (3) reports results with time fixed-effects and country-specific time
trends. In all specifications but specification (2), the coefficient on FDI integration is positive
and statistically different from zero. In column (4), I control for bilateral trade linkages.'® The

coefficient on goods trade is positive and similar in magnitude as the coefficient on FDI integra-

13Similar to FDI linkages, bilateral trade is defined as the log of the sum of bilateral trade flows divided by the
sum of the countries’” GDP.



Table 3: Bilateral FDI Linkages and Investment synchronization

Dependent Variable: Investment growth synchronization (annualized)

(1) 2) (3) (4) (5) (6) (7) (8)
FDI/GDP L7AT**  1.526%%  1.612%*  1.543%*
(0.655)  (0.682) (0.600)  (0.628)

Trade/GDP 1.333
(2.187)

FDI/Total FDI 1.262*  1.579*%%  1.399*%*  1.312%*

(0.675)  (0.650)  (0.574)  (0.602)
Trade/Total Trade 1.337

(1.955)

Country-pair fixed Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No Yes Yes Yes No Yes Yes Yes
Country trends Yes No Yes Yes Yes No Yes Yes
R-squared (within) 0.125 0.174 0.264 0.264 0.118 0.174 0.262 0.263
Observations 600 600 600 600 600 600 600 600

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over the period 1991 to 2006 for the 40
country pairs listed in the appendix. The dependent variable is minus one times the absolute value of the difference
in quarterly growth rate of aggregate investment between country ¢ and j in year ¢ (the yearly estimate is obtained by
averaging over the respective four quarterly estimates). In columns (1) - (4) FDI integration is measured by the log of the
share of the stock of bilateral Foreign Direct Investment Assets and Liabilities between countries 7 and j in the previous
year relative to the sum of the two countries” GDP in the previous year (denoted FDI/GDP). In columns (5) - (8) FDI
integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities
between countries ¢ and j in the previous year relative to the sum of the two countries’ total FDI Assets and FDI Liabilities
in the entire world in the previous year (denoted FDI/Total FDI). All specifications also include the log of the two countries’
per capita GDP, the log of the product of the two countries’ population, and the log of the industrial specialization index
as defined in the appendix; all controls are included with one period lag. The specification in (4) includes the log of the
share of bilateral export and import flows between countries ¢ and j in the previous year relative to the sum of the two
countries’ GDP in the previous year (Trade/GDP). The specification in (8) includes the log of the share of bilateral export
and import flows between countries ¢ and j in the previous year relative to the sum of the two countries’ total exports
and imports in the previous year (Trade/Total Trade). The specifications in columns (1) and (5) include country-specific
linear time-trends. The specifications in columns (2) and (6) include time fixed-effects. The specifications in columns
(3),(4),(7), and (8) include time fixed-effects and country-specific linear time-trends. Standard errors adjusted for panel
(country-pair) specific auto-correlation and heteroskedasticity and the corresponding standard are reported below the point
estimates. A * denotes significance at the 90% confidence level, ** denotes significance at the 95% confidence level, ***
denotes significance at the 99% confidence level. For a detailed data description see appendix A.

tion. Yet we cannot reject the Null of a zero coefficient. Most importantly, when controlling for

goods trade does not affect the coefficient on FDI integration.'*

To get a sense for the magnitudes, note that FDI linkages are expressed in logs and investment
synchronization is in percentage points, hence the coefficients reflect semi-elasticities. The coef-
ficient in column (3) implies that a doubling in bilateral integration (e.g., when moving from the
50 percent percentile to the 75 percent percentile of FDI linkages) is associated with an average
increase in investment synchronization of 1.8 percentage points. Given the median investment

synchronization is equal to -7.5 percent for the G7 countries these are economically large effects.

Columns (5) to (8) report the results using the alternative FDI integration index as defined

“Earlier work (e.g. Frankel and Rose (1998) or Kose and Yi (2006)) showed the importance of trade for ag-
gregate business cycle co-movement. The positive point estimates suggest the existence of some complementarity
between FDI and trade. Yet, the trade linkages are only moving slowly over time, so there might be too little
within-country correlation to pick up significant effects.



in equation (5). The results are similar to the ones presented in columns (1) to (4). More

FDI linkages are associated with higher investment synchronization; the point estimates are

somewhat lower than the ones in specifications (1) to (4).

The estimated coefficients are robust to a number of robustness checks. In particular, using the
full unbalanced sample for all available country pairs from 1985 to 2006, restricting the sample
to the balanced sample of 40 country-pairs between 1991 - 2006, or using as a dependent variable
the cross-country correlation of hp-filtered investment does not change the main results: higher
FDI linkages are associated with more investment synchronization and the effect is economically

large. Appendix B contains more details on these robustness checks.

2.5 FDI Linkages and GDP synchronization

Table 4: Bilateral FDI Linkages and GDP synchronization
Dependent Variable: GDP growth synchronization (annualized)
(1) (2) (3) (4) (5) (6) (7) (8)

FDI/GDP 0.546% 0.118  0.321  0.320
(0.304) (0.238) (0.273) (0.270)

Trade/GDP 0.0311
(0.558)
FDI/Total FDI 0.452 0.214 0.317 0.324
(0.304) (0.279) (0.281) (0.282)
Trade/Total Trade -0.105
(0.512)
Country-pair fixed Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No Yes Yes Yes No Yes Yes Yes
Country trends Yes No Yes Yes Yes No Yes Yes
R-squared (within) 0.132 0.232 0.293 0.293 0.127 0.234 0.293 0.294
Observations 600 600 600 600 600 600 600 600

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over the period 1991 to 2006 for the 40
country pairs listed in the appendix. The dependent variable is minus one times the absolute value of the difference in
quarterly growth rate of real GDP between country i and j in year ¢ (the yearly estimate is obtained by averaging over the
respective four quarterly estimates). In columns (1) - (4) FDI integration is measured by the log of the share of the stock
of bilateral Foreign Direct Investment Assets and Liabilities between countries i and j in the previous year relative to the
sum of the two countries’ GDP in the previous year (denoted FDI/GDP). In columns (5) - (8) FDI integration is measured
by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities between countries i and j
in the previous year relative to the sum of the two countries’ total FDI Assets and FDI Liabilities in the entire world in
the previous year (denoted FDI/Total FDI). All specifications also include the log of the two countries’ per capita GDP,
the log of the product of the two countries’ population, and the log of the industrial specialization index as defined in the
appendix; all controls are included with one period lag. The specification in (4) includes the log of the share of bilateral
export and import flows between countries 7 and j in the previous year relative to the sum of the two countries’ GDP in
the previous year (Trade/GDP). The specification in (8) includes the log of the share of bilateral export and import flows
between countries ¢ and j in the previous year relative to the sum of the two countries’ total exports and imports in the
previous year (Trade/Total Trade). The specifications in columns (1) and (5) include country-specific linear time-trends.
The specifications in columns (2) and (6) include time fixed-effects. The specifications in columns (3),(4),(7), and (8)
include time fixed-effects and country-specific linear time-trends. Standard errors adjusted for panel (country-pair) specific
auto-correlation and heteroskedasticity and the corresponding standard errors are reported below the point estimates. A *
denotes significance at the 90% confidence level, ** denotes significance at the 95% confidence level, *** denotes significance
at the 99% confidence level. For a detailed data description see appendix A.

Here, I present the results of the benchmark estimations for the relation between integration and
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business cycle correlation. Table 4 reports the benchmark estimates on the effect of FDI linkages
on GDP synchronization in the period 1991- 2006. In column (1), controlling for country-pair
fixed effects and country specific time trends, the coefficient is positive and statistically different
from zero. That is, conditional on country specific shocks, within country-pair increases in
FDI integration are associated with more synchronized investment. However, this result is not
robust to the inclusion of an aggregate time trend. In column (2), I include time fixed-effects
to account for common global shocks, while column (3) reports results with both time fixed-
effects and country-specific time trends. In both specifications, the coefficient on FDI integration
remains positive but is statistically indistinguishable from zero. Specification (4) controls for
bilateral trade linkages. The coefficient on goods trade is positive and bigger in size than the
coefficient on FDI integration. Yet we cannot reject the Null of a zero coefficient.'® From the
table also emerges that controlling for goods trade does not affect the finding of a quantitative

small and statistical insignificant link between FDI integration and GDP synchronization.

Columns (5) to (8) report the results using the alternative FDI integration index as defined in
equation (5). The results are similar to the ones in columns (1) to (4), except that in specification
(8) the coefficient on trade linkages becomes statistically significant at the 10 percent level. The
results regarding FDI integration and GDP synchronization remain unchanged: there is no

statistical significant link between FDI linkages and GDP synchronization.

3 A model of international business cycles with foreign direct

investment

In this section, I develop a model of international business cycles where multinationals accu-
mulate technology capital and engage in FDI. Technology capital is firm-specific and can be
simultaneously used in multiple plants in locations at home and abroad.'® The plants oper-
atad by multinationals thus produce all with the same technology capital. There are two types
of shocks causing economic fluctuations: a standard country-specific productivity shock and a
shock that is multinational-specific, affecting the efficiency of the existing technology capital.
This multinational-specific shock therefore affects both the returns on domestic and on foreign

investment.

The model serves three purposes. The first is to precisely lay out a causal link between FDI
openness and international investment synchronization. The empirical section documents a
relationship between the two, but does not speak about the underlying mechanism and the
direction of causation. I will use the model to derive quantitative results that show how the

empirical findings are indeed consistent with the hypothesis that FDI openness has significant

15 A reason for this finding could also be reverse causality: less correlated country pairs engage in more FDI.
In this case, the presented coefficients presented here are lower bounds as this argument describes a downward
bias for the un-instrumented estimates. For the theoretical argument, see (Heathcote and Perri, 2004).

YFor the concept of locations in this context refer to McCrattan and Prescott (2009).
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effects on investment synchronization. The second purpose of the model is to shed light on the
weak link between FDI openness and GDP synchronization, as documented in the empirical
section. For this purpose, I measure GDP in the model in the same way as in national accounts
data where investments in intangible capital are expensed. With the quantitative results of the
model, I show that FDI openness has indeed weak effects on business cycle synchronization when
using measured GDP as a proxy for aggregate activity. Third, and relatedly, I use the model to
conduct a counter-factual analysis to show that the relation between FDI openness and business

cycle synchronization is significantly stronger when aggregate output is measured correctly.

The framework combines earlier work from Ramondo and Rappoport (2010) and McGrattan and
Prescott (2009) to incorporate multinational production into an international business cycles
set-up. The main innovation is that I consider both a stochastic environment and allow for
an explicit role for FDI; as such, the set-up is well-suited to analyze the effects of cross-border
FDI integration on investment synchronization. As will be shown below, a key ingredient of the

model is the accumulation of technology capital.

3.1 The economy

I consider a two-countries, two-sectors, two-goods world. In each country (foreign variables are
denoted by an asterisk), there are households of equal mass normalized to unity that consume
a tradable final consumption good and supply labor to firms. Firms in the final good sector
buy intermediate inputs from intermediate good firms, hire labor, accumulate physical capital
and pay wages and dividends to domestic households. Physical capital and labor are not mo-
bile across countries but across sectors. The intermediate good is not tradable across countries
and producers in this sector buy differentiated goods from domestic and foreign firms, labelled
multinationals. Multinationals can accumulate physical capital in both countries and set up
production units both at home and abroad through which they serve the foreign intermediate
goods market. Multinationals pay dividends to their owners, domestic multinationals are en-
tirely owned by domestic households and foreign multinationals are entirely owned by foreign
households.!” In addition to physical capital, multinationals accumulate technology capital.
Technology capital is firm-specific and can be used in multiple locations in both countries at the
same time. For international financial markets, I consider two scenarios: one in which interna-
tional financial markets are complete in the sense that households have access to a full set of
state-contingent securities that can be traded internationally. The other scenario is one in which
households cannot trade any international assets and just receive labor income and dividends

from domestic firms and multinationals.

Time and uncertainty. Time is discrete and denoted by ¢t = 1,2,.... In each period ¢ the

economy experiences one event s; € S where S is a possibly infinite set. I denote by s’ the

17T exclude that firm shares are traded. Because financial markets are complete this is without loss of generality.
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history of events up to and including date t. The probability at date 0 of any particular history
st is given by 7(st). For the sake of readability (and with some abuse of notation), I will drop the
explicit reference to histories and states most of the time when there is no room for confusion;

I will use the subscript ¢ instead to refer both to the time period and histories.

Households. Households supply labor and the total supply of time is normalized to L; house-
holds derive utility from consumption of the perishable good C; and from leisure L — L;. House-

holds maximize the expected discounted sum of future period utilities given by
oo
EY B'U(Ci,L— L)
t=0

where F represents expectations across all possible states of the world, C; denotes consumption,
L; is labor effort, 0 < 8 < 1 is the discount factor, and the period-by-period utility function
is given by U(Cy, L — L) = log(C;) + alog(L — L;). Given aggregate wages w;, households
receive labor income wyL; and dividend payments from domestic tradable good firms dr; and

from multinationals dps, respectively.

International financial markets. [ consider two versions of the model, one with complete
international financial markets and one with financial autarky, in the sense that households

cannot trade any international assets.

1. In the complete financial markets scenario, households have available a complete set
of Arrow securities. Let By(s!,s;y1) be the quantity of bonds purchased by the home
households at time ¢ after history s’ that pay one unit of the consumption good in t + 1
if and only if the state of the world economy in ¢ + 1 is equal to s;11. Let q(s?,s441)
be the price of such a bond. Under complete international financial markets, the budget

constraint for the representative household in the home country is

Co+ Y ails', s141)Bi(s', se01) = wely + dy + dage + B(s" 1, 5¢) (6)
St41

and the budget constraint for foreign households is analogously defined.

2. Under financial autarky, households are not allowed to trade any financial asset across
country borders. In this model version, the budget constraint for the representative house-
hold in the home country is

Cr = wieliy + dpe + dt, (7)

analogous for the foreign households.

Firms in the tradable goods sector. The tradable consumption good is produced under

perfect competition with a constant returns to scale technology that combines labor (I7), capital
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(k7t) and the composite intermediate good (X;). Production in the this sector is subject to
stochastic and country-specific productivity shocks a; and af. Firms’ production function is
given by

Y= e (Kputhy") X0, (8)

where 0 < v < 1. Final good firms purchase X; units of the intermediate good from competitive
intermediate good producers at a unit price P;, where I normalized the price of the tradable

good to one. Firms’ dividends are thus given by
v
dpy = e (k?tl}t—@) X}V — PXy — wilgy — ity 9)

where i1, represents investment in physical capital. The capital stock evolves according to

kriy1 = (1 —8)kre + + x2| ki (10)

where ¢ is the depreciation rate, ¥ determines the sensitivity of the cost to investment, and the
parameters y; and 2 are set by imposing steady state targets.'® I assume that the productivity

shocks follow a bivariate auto-regressive process

a ap— oy
! e (11)
a; aj_q £f

where A, is a 2 x 2 matrix and [ef,e? | is a vector of i.i.d. random variables with mean 0,

— A,

standard deviation o, and correlation p?. The problem of domestic tradable goods firms is then

max F Z Qtht
t

subject to (9), (10), k1o given, where Q; = B'U.(Cy, Ly) is the marginal utility of period t
consumption of domestic consumers who are the owners of the firm. The problem of tradable

good firms in the foreign country is analogous.

Intermediate good producers. Intermediate good producers buy non-tradables produced
by multinationals and sell the bundled good Y7; at price P; to final good producers. The index
Y7+ aggregates a continuum of intermediate goods with a constant elasticity of substitution 1%

As discussed in more detail below, I assume that there are only two types of firms in each

country: (i) domestic multinationals and (ii) foreign multinationals. Given this assumption,

'8 This functional form is widely used in the literature, see for example Quadrini and Jermann (2012). The
parameters are chosen such that the depreciation rate is equal to § and that the derivative of capital with respect
to investment is equal to one.
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intermediate good producers’ output reads as

Yy = [/xt(i)"]; (12)

where x4(i) denote the intermediate good producers’ demand for goods produced by domestic

and foreign multinationals, respectively. The implied demand functions are given by

2i(i) = (Po/pe(i)) 0. (13)

The main effect of adding imperfect competition to the model is that it scales up the amount
of variable profits in the economy; hence, it scales up the size of the payments owners receive
from technology capital, something that does not affect the qualitative implications of the model
but is necessary to obtain realistic amounts of FDI when undertaking the quantitative analysis

below.

Multinationals. In both countries, there is a large number of firms, labelled multinationals
because of their ability to potentially produce both at home and abroad. The mass of firms is
constant and normalized to one.'” In each country, there is a large number of locations where
production can take place.?’ The measure of locations is, without loss of generality, normalized
to one. In each location, both domestic and foreign multinationals can set up a plant and
operate. The production of a plant owned by a domestic multinational in a given location %
depends on firm specific productivity z;, labor services I;(i) and physical capital k(i) and is
given by a decreasing returns to scale technology y:(i) = e (k¢(7)%1;(4)'=?)1 =% with 0 < ¢ < 1.
While physical capital and labor are both specific to each multinational and plant, technology
capital M; and productivity z; is specific to each multinational only. The productivity of the
foreign multinational is denoted by z;. Technology capital and productivity therefore affect
production in all locations, both domestic and foreign, in which the firm operates. A home
multinational with M; units of technology capital, k4 units of domestic physical capital, and
lg units of domestic labor services efficiently allocates physical capital and labor across all M;

domestic plants. Therefore, its total production in the home country is given by
g\ ¢
ya = €% M (k;gtzjlt 9) . (14)

Technology capital can also be used to set up operations in a foreign location. Foreign owned
multinationals accumulate domestic physical capital and hire domestic labor services and use

their own technology capital. In contrast to domestic firms, the production of a foreign multi-

9We do abstract from entry and exit considerations. One should think of it in the following way. If a domestic
multinational wants to enter the domestic market, it has to buy the product or market by an existing multinational
that has to exit. In that way, the mass of firms active stays constant. Please also note that we do not allow
domestic firms to buy other firms’ assets or product lines. This is an interesting future line of research.

29The derivation of the multinationals’ production technology follows closely McGrattan and Prescott (2009);
see also Kapicka (2012).
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national depends on the countries’ FDI openness. The degree of openness to FDI for both
countries is given by a parameter 7 that determines the total average factor productivity of a
foreign multinational relative to a domestic multinational.”’ To illustrate this point, consider a
multinational owned by the domestic consumer with given technology capital M; and produc-
tivity z;. It allocates efficiently its foreign physical capital kf; and foreign labor services I to

generate total output abroad given by
1-¢
ype=ret MY (Kplj ") (15)

Analogously, a foreign owned multinational with M;" units of technology capital and productivity
25, k‘;‘ct units of home country’s physical capital, and l;‘ct units of home country’s labor services
produces total output in the home country according to
* zf *\ * \0 /7% \1—0 1-¢
v = e () ((k3) 050 0) (16)
The domestic multinationals’ total dividends are then given by the proceeds from their domestic

and foreign operations, respectively, or

dye = (Pdtydt — Welgy — idt) + (pjftyft - wﬂft - ift) — Mt (17)

where the inverse demand functions pg, p*}t of domestic and foreign intermediate good producers
defined in (13) are taken as given; ig and iy represent investment in domestic and foreign
physical capital, respectively, and i)+ represents the multinationals’ investment in technology

capital. The respective capital stocks evolve according to

N9
()

X7 (%)l_wm
M1 = (1 —6m) M + W +x35" | My (19)

where d,, is the depreciation rate of technology capital, v, determines the sensitivity of the
cost to investment in technology capital, and the parameters x7" and x4* are set by imposing
steady state targets.”” Note that the parameters for the adjustment costs in physical capital are
identical across sectors. To complete the description of the multinationals problem, I assume

that the log of domestic and foreign multinationals’ productivity evolves according to a bivariate

Zt
*
2t

21Here, we impose symmetry across countries and assume that both countries have the same degree of openness.
22] set the parameters such that the depreciation rate in steady state is equal to d,, and the derivative of
technology capital with respect to investment is equal to one.

auto-regressive process

Zt—1 Ef

% z*
-1 €t
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. . *
where A, is a 2 X 2 matrix and [e7,] ]

standard deviation o, and correlation p,. Multinationals resident in the home country solve

subject to (13),(17), (18), (19), Mo, kqo, kfo given, where @Q; again is the marginal utility of

consumption of the domestic consumers (who are the owners). The problem of foreign owned

!/

max B Z Qid e
t

multinationals is analogous.

3.2 Equilibrium

An equilibrium, for an exogenously given level of FDI openess 7, is a collection of price sequences
t
Ddt pjlﬁ pfta p}ta Pt7 Pt*v Qtv Q;ﬁk ) q(S 7$t+1) V8t+1 S 57 €xogenous shock processes zt, Zik?at?a;

and quantities Ct7 Lt7 /iTta Z’dta /ifta thv thu ldt7 lft7 dt7 Ldty Lfty Ydts Yft, Xt7 Y1t7 Yt7 B(8t78t+1)7

such that:

1.

2.

is a vector of i.i.d. random variables with mean 0,

ty Lis iy, iy Ueer Vgt Ures Ui fto di, Ty, L Yar> Yo X5, Y5, Y, B*(s', se41) Vsip1 € 8

Given prices and shocks, consumers and firms solve their respective problems.

Labor markets clear, i.e.

L =lagg + Uy + 1t for all ¢.
Li=Uy+ 1+ 0y forallt,

Intermediate goods markets clear, i.e.

Xt = Y[t X;( = Yf; for all ¢.

Tdt = Ydt Tt = y;;t Ta = Yo x}t =Yt

Under complete financial markets bond markets clear, i.e.

B(St, St+1) + B*(St, St+1) =0 for all ¢,s:41 € S.

. The tradable goods market clears, i.e.

Cr+ Cf +iry + iy +dae +ipe + gy + i +ine +ing = Ye + Y
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3.3 National accounts and firm sales regressions

Because in national accounts investment in technology capital is expensed,measured gross do-

mestic product in the home country is given by*
GDP, =Y, — i (21)

This means that GDP differs from actual value added Y; whenever investment in technology
capital is different from zero. This also implies that the dynamic properties of GDP - in particular

cross country correlations - depend both on output and investment in technology capital.

Gross FDI positions are given by
FDIA; = kyy FDIL; =k},

and total bilateral FDI linkages are computed in line with the empirical estimates®*

2(FDIA; + FDIL,)
4(GDP; + GDPy)

FDI/GDP =

For the calibration of multinational-specific shocks, I use domestic and foreign sales of multi-
national firms. Domestic (foreign) sales of the home multinational are measured in the model
by

salesqr = patyar Sal@sft = p}tyft-

3.4 Calibration

The equilibrium described above does not admit an analytical solution. I therefore derive a
numerical solution using standard linearization techniques. For this purpose, I need to assign
numerical values to the various parameters. Table 5 shows the parameters used in the calibration
for the three model specifications considered: (1) the benchmark model that features complete
financial markets and both country-specific and multinational-specific productivity shocks, (2)
the model with complete financial markets with country-specific productivity shocks only, and

(3) a model with both shocks and a higher income share of technology capital.

The discount factor is set to 8 = 0.99 implying an average interest rate of 4 percent. The share
of intermediate inputs in final tradable production v is set to 0.5, following Alvarez and Lucas

(2007).%° For the demand elasticity of substitution in the intermediate sector I follow Ramondo

23The equation follows by adding up aggregate labor income w; Ly, firms’ dividends and depreciation of physical
(or tangible) capital. The crucial assumption is that technology capital is intangible and therefore not taking
into account when computing aggregate income. See also McGrattan and Prescott (2010).

2"Note that quarterly GDP in the model is annualized because also in national accounts, quarterly gross
domestic product is reported at annualized levels.

25Even though in their model the only input in production is labor, the model is calibrated in a way that is
perfectly consistent to my setup, as they compute the share of effective labor which includes capital.
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Table 5: Parameter values

Description Symbol Model
Benchmark No Multin. High
Shock Techn.
Cap.
Preferences
Discount factor 16} 0.99
Total time endowment L 3
Weight of leisure «a 1.682 1.682 1.658
Technology
Capital share in production 0 0.35 0.35 0.33
Share of intermediate goods in tradables v 0.50
Income share of technology capital 10) 0.19 0.19 0.34
Elasticity of demand interm. good sector ﬁ 3
Degree of FDI openness T 0.04 0.04 0.02
Deprectiation and adjustment costs
Depreciation physical capital é 0.025
Depreciation technology capital Om 0.0375
Adjustment cost physical capital P 0.084 0.084 0.105
Adjustment cost technology capital - 0.078 0.078 0.100
Std. dev. prod. shock Oq 0.006 0.008 0.007
Std. dev. techn. capital efficiency shock o, 0.010 0.000 0.011
Cross-country correlation prod. shock Pa = Pz 0.000 0.000 0.000
. . 095 0
Autoregessive coefficients A, =A, [ 0 0.95]

and Rappoport (2010) and set 7 to 2/3, implying an elasticity of substitution of 3.2 For the
depreciation of physical capital, I choose a standard value and set § equal to 0.025. Regarding
the depreciation of technology capital, I use d,, = 0.0375, implying an annual depreciation rate
of 15 percent, that is, the BEA estimate for depreciation of R&D capital.’”

As outlined in the following paragraphs, the remaining parameters are chosen in order to match
key moments of the data. This includes also the parameters for the stochastic processes because
- even in the model with country-specific productivity shocks only (a, ay) - there is not a one-
to-one mapping between the stochastic processes and the Solow residual obtained from the data

because GDP is mismeasured. Table 6 reports the data targets and the model fit.

Utility and production. The weight on leisure in the utility function « is set so that
households, on average, work one third of the available time. By normalizing the total time

endowment to L = 3, this implies a long-run target for employment equal to one. For the

26 Atkeson and Kehoe (2005) consider an elasticities of substitution of 10 so that markups are around 11
percent on average. In the robustness section below I report the quantitative implications of the model with
higher elasticities of substitution.

27See Eisfeldt and Papanikolaou (2013). Also McCrattan and Prescott (2010) or Kapicka (2012) assume that
technology capital depreciates faster than physical capital. For the main results of this paper, this assumption
is not crucial. The quantitative implications are affected but not sensitive for reasonable perturbations of this
parameter (between 0.01 and 0.15).
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Table 6: Targeted data moments and model fit

Data Model
Benchmark  No Multin. High Techn.
Shock Cap.

Long-run averages

Labor income share 64 64 64 64

Investment in technology capital over 8 8.1 8.1 154

GDP

FDI/GDP 1.5 1.7 1.7 1.7
Second moments

SD(GDP) 1.3 1.3 1.3 1.3

SD(I)/SD(GDP) 3.6 3.6 3.6 3.6

SD(Im)/SD(GDP) 3.6 3.6 3.6 3.6

Sales correlation (within firm) 0.3 0.3 -0.3 0.3

Notes: This table presents the target moments used for the calibration. I compare the moments in the data to the averages
of the models’ stationary distributions obtained by simulating 150000 time periods and dropping the first 50000. The labor
income share is computed from US data, published by the BEA. The within-multinational sales correlation is taken from
Cravino and Levchenko (2016). The remaining data moments are the median values across time and countries for the
OECD sample, see table 1. For a detailed description of the data see appendix A. Column two shows the data moments.
Column three refers to the model with complete financial markets and country-specific productivity shocks in the tradable
sector only. Column four shows the implied moments from the model with complete financial markets and both country-
specific productivity shocks in the tradable sector and multinational specific shocks to the efficiency of technology capital.
Column five shows the moments for the model under financial autarky and both shocks.

share of technology capital in multinationals’ production (¢), in the benchmark calibration I
follow McGrattan and Prescott (2009) and Kapicka (2012) and match average investment in
technology capital over GDP equal to eight percent. For one model specification I calibrate ¢ so
to match average investment in technology capital over GDP equal to 15 percent, the estimate
for intangibles investment over GDP obtained by Corrado, Hulten, and Sichel (2009). Given ¢,
the share of capital in production () is then set so that in steady state the labor share is 64
percent. The degree of FDI openness (7) is set so that the bilateral FDI position in the model -
measured as in the data according to equation (4) - is equal to 1.5 percent, that is, the median

value of bilateral FDI linkages in the data, shown in table 1 row five, column seven.

Adjustment costs. Adjustment costs for both physical capital (1)) and technology capital
(vm), respectively, are set so that the hp-filtered investment series of both types of capital
are 3.6 times as volatile as hp-filtered GDP. For physical capital, this is a standard value and
consistent with OECD data. For technology capital, the number requires some discussion.
Ouyang (2011) reports that the growth rate of R&D expenditures are 1.6 times as volatile as
GDP growth rates; on the other hand, Eisfeldt and Papanikolaou (2013) find that the volatility
of the investment rate in organizational capital is 1.5 percent (annual).”® Targeting the latter
value would imply in this model that investment in technolgy capital was six times as volatile

as GDP. Because I adopt the broader definition of technology capital (marketing expenditures

28They define the investment rate as aggregate investment divided by the existing capital stock, see Eisfeldt
and Papanikolaou (2013) table II.
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plus organizational capital plus R&D) and R&D is the largest part in technology capital,®’ I

choose an intermediate value and assume that investment in technology capital behaves similar
to investment in physical capital in terms of volatility. This is in line with the findings in Wilde
and Woitek (2004) for R&D investment and G7 data.

Exogenous shocks. For the stochastic processes I assume that the transition matrices are the
same A, = A, with a value of 0.95 on the diagonals and zero on the off-diagonals. Multinational-
specific productivity shocks are perfectly correlated within countries (all domestic multinationals
have the same productivity) and not correlated across countries (foreign multinationals’ produc-
tivity follows a statistically independent stochastic process). The volatility of productivity in
the tradable sectore (0,) and its cross-country correlation (p,) are set so that measured GDP
in the model matches the standard deviation of GDP in the data (1.3 percent) and the median
value of the hp-filtered cross-country GDP correlation in the data (0.5, see table 1), respectively.
For the model specifications with multinational-specific shocks (z, z;), I choose the volatility
0, such that the cross-country correlation of sales growth rate within multinational firm is 0.3;
more specifically, in the model simulations I run the same regressions on firm sales as Cravino
and Levchenko (2016) and target their estimate of 0.29.

3.5 Impulse responses

This subsection presents the dynamic responses to the two types of shocks in separation. This
serves two purposes. First, I show in what respects multinational-specific shocks differ from
country-specific productivity shocks, in terms of model dynamics. Second, this allows me to
illustrate how the transmission of these two shocks changes as countries open up to FDI. I
therefore present both the impulse responses for country pairs with relatively little FDI linkages

(i.e. alow 7) and countries with large FDI linkages (i.e. high 7).

3.5.1 Productivity shocks

Figure 1 shows the impulse responses to a positive productivity shock in the home country’s
tradable sector for actual output, measured GDP, and investments in physical and technology
capital. Blue lines refer to the domestic country, the red lines to the foreign country. Solid lines
refer to a country pair that is relatively closed to FDI, dashed lines refer to a relatively open

I 30

country pair in terms of FD Three observations emerge.

First, both actual actual output (panel a) and GDP (panel b) increase in the home country
while both show relatively little response in the foreign country. At the same time, investment

in physical capital (panel ¢) and investment in technology capital (panel d) increase in the home

29Gee McGrattan and Prescott (2010).
30For space considerations, the shock process itself is not shown. I consider a one-standard deviation shock in
period 1; all plotted responses are normalized by the standard deviation of the shock.
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Figure 1: Impulse responses to a productivity shock: low versus high bilateral FDI linkages
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Notes: The figure shows impulse responses to a one-standard deviation positive productivity shock of one standard
deviation in the home country (ef). All responses are in percentage deviations from the steady state, normalized by
the standard deviation of the shock. Solid lines refer to the relatively closed country pair (low 7), dashed lines refer
to the relatively open country pair (high 7). Blue lines refer to the home country, red lines to the foreign country.
Panel a) plots the impulse responses for value added (Y; and Y;*) as defined in equation (8), panel b) for measured
GDP (defined as Y; — imt), panel ¢) for investment in physical capital (it = i1 + iq¢ + i’]‘ct and if =%, +14%, + i),
and panel d) for investment in technology capital (inr¢ and i},,).

country and fall in the foreign country; notably, the on-impact increase of investments in the

home country exceeds the fall in the foreign country by a factor four.

Second, technology capital behaves differently to a domestic productivity shock when countries
are relatively more open to FDI (dashed lines); while the on-impact increase in technology capital
investment in the home country decreases from four to two and a half percent, the response of
foreign investment in technology capital switches sign and actually turns positive. Hence, when
countries are relatively more open to FDI, a positive productivity shock in the home country
benefits both domestic and foreign multinationals, whose dividends increase. Because the shocks
are persistent, the expected returns on technology capital increase. Within a firm, in turn, all

returns are equalized, therefore the returns both on foreign and domestic investment (from the
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firms’ perspective) increase. As a consequence, foreign multinationals invest not only more in
technology capital, but also more in physical capital both at home and abroad. On the other
hand, because part of the additional returns of the increased domestic productivity benefits
foreign firms, domestic firms increase their investments by a smaller amount than it would be
the case when countries are relatively closed to FDI. The previous discussion is reflected by the
responses of countries’ aggregate investment in physical capital shown by the dashed lines in
panel ¢). The responses shift move closer together, meaning that domestic and foreign investment

become less negatively correlated.

Third, actual actual output and measured GDP - shown in panels a) and b) - do qualitatively
not respond differently when varying the countries’ openness to FDI (compare the solid versus
dashed lines). The only notable difference is the on-impact response in measured GDP: because
investment in technology capital responds less positive in the home country compared to the
closed case, GDP increases by more on impact (and the reverse for the foreign country). The
transition dynamics however are largely unaffected, suggesting that GDP correlations become

somewhat more negative with increasing FDI integration.

3.5.2 Shocks to multinational activity

Figure 2 shows the impulse responses to a positive shock to domestically owned multinationals’
productivity (¢7) for actual output, measured GDP, and investments in physical and technology
capital, respectively. Blue lines refer to the domestic country, red lines to the foreign country.
The solid lines refer to a country pair that is relatively closed to FDI, dashed lines refer to a

relatively open country pair in terms of FDI.3!

For relatively closed countries (solid lines) multinational-specific shocks work very much like
standard productivity shocks, moving all quantities in a similar fashion as described in the
previous sub-section. The reason is that in this case the share of foreign firms is too small to

affect aggregate quantities.

On the other hand, the picture changes when countries are relatively open to FDI (dashed lines).
First, consider the responses of investment in technology capital shown in panel d). The dashed
blue lines lies above the solid blue line, meaning that domestic multinationals increase their
investment in technology capital by more than in the closed economy case. The reason is that
domestic multinationals gain from investments in technology capital because of the relatively
higher returns from abroad. Similarly, the red dashed line lies below the red solid line meaning
that foreign multinationals investments in technology capital decrease by more than compared

to the case with low FDI linkages.

This, in turn, affects the profitability of investment in physical capital, so it is rational for the

multinationals to invest more at home and abroad. This is reflected by the increase in aggregate

31For space considerations, the shock process itself is not shown. I consider a one-standard deviation shock in
period 1; all plotted responses are normalized by the standard deviation of the shock.
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Figure 2: Impulse responses to a positive shock to multinational activity: low versus high
bilateral FDI linkages
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Notes: The figure shows impulse responses to a one-standard deviation positive shock to the efficiency of domestic
multinationals (7). All responses are in percentage deviations from the steady state and normalized by the standard
deviation of the shock. Solid lines refer to the relatively closed country pair (low 7), the dashed lines refer to the
relatively open country pair (high 7). Blue lines refer to the home country, red lines to the foreign country. Panel
a) plots the impulse responses for actual output (Y; and Y;*) as defined in equation (8), panel b) for measured GDP
(defined as Y; — imt), panel ¢) for investment in physical capital (it = i1y + igr + i}t and iy = i%, + i, + i), and
panel d) for investment in technology capital (ins¢ and 4},,)-

investment both at home and abroad, as shown by the dashed lines in panel c¢). Note that this
also implies that the increase in investment in physical capital in the home country is below the
solid blue line in panel c¢) because part of the resources get redirected to the foreign country. As a
consequence, international investment becomes more synchronized when countries are relatively
open to FDI. Hence, multinational-specific shocks exacerbate the effect of technology on the

investment co-movement.

Finally, consider the responses of actual output in panel a) and GDP in panel b) in the high
FDI linkage scenario (dashed lines). The first notable observation is that actual output in both

countries increase in response to the shock. The reason is that part of the resources are shifted
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Table 7: Business cycle statistics

GDP Cons. Inv. Empl. TFP Net Ex-
ports

Volatilities relative to GDP volatility

Data 1.3 0.65 3.0 0.65 0.35 0.64

Benchmark 1.3 0.31 3.61 0.68 0.58 0.44

No Multin. Shock 1.3 0.30 3.67 0.68 0.57 0.45

High Techn. Cap. 1.3 0.36 3.6 0.75 0.55 0.47
Correlation with GDP

Data 0.69 0.83 0.66 0.87 -0.29

Benchmark 0.63 0.91 0.95 0.97 0.18

No Multin. Shock 0.62 0.91 0.96 0.97 0.16

High Techn. Cap. 0.66 0.89 0.93 0.95 0.29
International Correlation

Data 0.37 0.19 0.26 0.16 0.19

Benchmark -0.19 1.00 -0.57 -0.67 0.27

No Multin. Shock -0.22 1.00 -0.58 -0.68 0.24

High Techn. Cap. -0.12 1.00 -0.54 -0.68 0.48

Notes: { denotes statistics matched in the calibration.

to the foreign country in form of additional investment of home owned multinationals leading to
more output abroad. This is also reflected by the less positive response of actual output in the
home country (the dashed blue line lies below the solid blue line). Measured GDP - as shown
by the dashed lines in panel b) - reflects not only the movements of actual output but also
the responses in investment in technology capital. Because domestic investment in technology
capital responds relatively more when FDI linkages are high, the impulse response of domestic
GDP shifts towards South-East such that it even crosses the response of foreign GDP. That
means that - on impact - measured GDP abroad increases by more than domestic GDP. In the
subsequent transition then, domestic GDP rises, while foreign GDP falls. This suggests that

measured GDP might get even more negatively correlated when FDI openness increase.

4 Quantitative Results

4.1 Business cycle properties

In this section, I use the model to assess the business cycle implications of technology capital
and shocks to multinational activity. For this purpose, I compare the long-run business cycle
statistics for the three model specifications. Table 7 reports the results of the quantitative
exercise. The rows labeled “Benchmark” report business cycle statistics for the model with both
type of shocks, country-specific and multinational-specific productivity shocks; the rows labeled
“No Multin. Shock" refers to the model with complete markets and country-specific shocks

!

only; the rows labeled “High Techn. cap." refer to the model where the share of investment in

technology capital to GDP is chosen to be 15 percent instead of 8 percent.
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There are two notable results. First, all model versions generates business cycle statistics similar
to those of standard international business cycle models which includes the well known short-
comings. The complete market models imply perfect cross-country correlation of consumption,

negative cross-country employment correlations, and pro-cyclical net exports.*

Second, the introduction of multinational-specific shocks leaves the business cycle moments
mostly unaffected while it helps to match the volatility of measured returns. This confirms to
some extent the validity of my calibration strategy where the volatility of the multinational-

specific shocks was chosen in order to match the standard deviation of measured returns on
FDI.

To summarize, the results in this section show that introducing technology capital and multinational-
specific shocks into a standard international business cycle model generates business cycle statis-

tics that are in line with the previous business cycle literature.

4.2 FDI integration and business cycle synchronization

This sections connects the quantitative results of the model with the empirical results in the first
part of the paper. I start by varying the FDI openness parameter 7 and discuss how FDI openness
affects co-movement of investment and GDP, respectively. Second, using artificial data generated
by the model, I run the same regressions as in the data and compare the obtained regression
coefficients. This is a simple test whether the causal relation in the model is consistent with
the data. In addition, the model allows me to distinguish between measured GDP as reported
in national accounts and actual actual output and I will show how their co-movement patterns

differ.

4.2.1 FDI openness and investment synchronization

For each model version described above, I vary the degree of FDI openness from very low
integration (7 = 0.01) to complete FDI openness (7 = 1).** For each value of the financial
integration parameter I report the average synchronization of investment as defined in equation
(3). Figure 3 shows the results of this exercise. In all model versions, the slope of the line is
always positive; a higher degree of FDI openness leads to more correlated investment cycles.

This result is consistent with my regression estimates in table 3.

There are three main conclusions from the comparison of the three model versions. First, there is
a clear ranking in terms of the slope of the increase in investment synchronization: the smallest
in the model with complete markets and productivity shocks only (panel a)) and the strongest in

complete markets and both productivity and technology capital shocks (panel b)). This suggest

32The correlations between net exports and GDP reported are contemporaneous correlations. The correlation
of GDP and lagged net exports are actually negative (not shown here).

33 1 take a value for 7 that is slightly bigger than zero for numerical reasons; a value of 7 = 0.01 implies a
bilateral FDI to GDP ratio of 0.015 percent, i.e. the 2.5 percent percentile in the data.
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Figure 3: FDI openness and investment synchronization
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that both technology capital and multinational-specific shocks are quantitatively important for

understanding investment co-movement.

Second, the slope of the increase in investment synchronization under financial autarky (panel
c)) lies in between the two models with complete markets.*! When households cannot trade
any financial assets (recall that FDI is assumed to be the only asset and is undertaken by firms)
and both shocks are active, there are two counter-acting forces: on the one hand, in response to
country-specific productivity shocks, investment tends to flow to the more productive country
and this weakens investment co-movement; on the other hand, when openness increases, firm-
specific shocks to the efficiency of technology capital become more important and returns on
investment within firm become more correlated. As described in section 3.5.2 this strengthens
investment co-movement. As is evident in panel c), the latter force is dominating for most of

the range of FDI openness 7.

3When considering financial autarky with productivity shocks only, investment synchronization responds
slighlty negative in response to variation in 7 (not shown), see appendix.
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Figure 4: FDI openness and GDP synchronization
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Third, in all model versions, the increase in investment synchronization is fastest for middle
ranges of FDI openness 7 between 0.2 and 0.8; the reason behind this is the fact that, for these
values of 7, the gains from FDI are biggest and FDI positions increase the fastest, as shown in

panel d).

4.2.2 FDI openness and GDP synchronization

Let us now turn to the synchronization patterns of GDP as measured in national accounts
(equation (21)) and actual actual output (equation (8)). Again, for each model version (complete
markets with productivity shocks only, complete markets with both shocks, and financial autarky
with both shocks), I vary the degree of FDI openness from very low integration (7 = 0.05) to
complete FDI openness (7 = 1).° For each value of the financial integration parameter I report

the average synchronization of GDP and actual output as defined in equation (2). The results

35See footnote 34.
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are shown in figure 4.

In all model versions, synchronization patterns of measured GDP (blue solid lines) and actual
output (dashed red lines) behave quiet differently: while GDP shows a non-linear pattern in
response to variations to FDI openness 7, synchronization of actual output is constant (panel
a)) or monotone increasing (panels b) and c¢)). This means that - due to the mismeasurement
in GDP - actual cross country co-movement is overestimated for relatively closed country-pairs

and underestimated when countries are relatively open to FDI.

We can gain some intuition by answering the following two questions. First, under complete
markets with productivity shocks only (panel a)), why is GDP synchronization falling when
FDI opennes increases? When FDI openness increases, a positive productivity shock in one
country benefits multinationals from both countries due to their increased operations abroad.
On impact, because expected returns increase, multinationals from both countries increase their
investment in technology capital. The more the countries are open, the more similar in terms
of size is this increase in investment in technology capital. Domestic investment in technology
capital increases by relatively less and foreign investment in technology capital increases by
relatively more when comparing a relatively open country pair to a relatively closed country pair.
Everything else equal, by the definition of GDP (actual output minus investment in technology
capital), measured GDP at home is then relatively higher and GDP abroad is relatively lower;

GDP is more negatively correlated.

Second, when looking at panels b) and ¢), why is GDP synchronization first increasing (for values
of 7 below 0.6) and then falling again (for values of 7 above 0.6)7 Consider first the complete
market case as shown in panel b). In this model version, both country-specific and multinational-
specific shocks are active. In the range of 7 between 0.2 and 0.6 the returns of increasing FDI
is biggest as discussed above and also shown in panel d). Therefore in this range, the country-
specific and multinational-specific shock work in the same way and measured GDP resembles
the synchronization pattern of actual output (while the correlation of investment in technology
capital is also increasing, see figure 1). Recall that following a positive shock to the domestic
multinational, actual output of both countries increases because the multinational invests in
both countries more. At 7 equal to approximately 0.6, however, there is a dipping point.
Multinational-specific shocks dominate and investments in technology capital become negatively
correlated, even exceeding the increase in correlation of actual output. By the definition of GDP

(actual output minus investment in technology capital), GDP correlation therefore decreases.

Finally, under financial autarky, the pattern of GDP and actual output synchronization resembles
the pattern under complete markets. However, the lines in panel ¢ are flatter than the ones in
panel b). Incomplete markets dampen the amplitude of the synchronization of GDP and actual
output by the same amount. This is because under this secenario, the comparative static exercise
is not really ‘ceteris paribus’. Besides the effects of technology flows associated with more FDI
as described under complete markets, varying the parameter 7 picks up another force: the

possibility of countries to shift resources across country borders, hence completing the markets
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Table 8: Bilateral FDI linkages and synchronization: data vs. model

Data Model
Benchmark  No Multin. High Techn.
Shock Cap.
Coefficient on investment synchronization 1.543 0.7267 0.3177 1.202f
(0.628)
Coefficient on GDP synchronization 0.320 0.069° -0.1161 -0.0441
(0.270)
Coefficient on synchron. of actual output n.a. 0.140 -0.000 0.212
n.a.

Notes: The table reports the estimated coefficients for the simulations of the three model versions. For convenience, column
one reports the estimated coefficients obtained from the data, taken from column (3) in tables 3 and 4, respectively. For
the empirical estimates, standard errors are reported in parenthesis below. The last three columns report the estimated
coefficient of the three model versions. In the first row, the dependent variable is investment synchronization, in the second
row GDP synchronization, and in the third row it is actual output (Y). The right hand side variable in all regressions is
log of the sum of bilateral FDI positions divided by the sum of the countries” GDP. A dagger next to the model statistic
indicates that the hypothesis that the data statistic (column one) is equal to the corresponding model statistic cannot be
rejected at the 5% confidence level (i.e. the model statistic is contained in the 95% interval of the empirical statistic).

in terms of risk sharing. In this sense for each value of 7 the agents face a different international
market structure and the effect of FDI on investment and output co-movement is downward
biased.

4.2.3 Regression coeflicients in the model and data

In this section, I run similar regressions on model data to the ones in the empirical part of
the paper. In particular, I simulate the model for ten country pairs, varying the FDI openness
parameter (7) so that the FDI linkages measure are between the 1 and the 99 percentile in
the data (.06 and 34.5 percent, respectively).’® For each country pair I simulate the model
for 48 quarters (12 years as in the data) and construct the same measure of Investment and
GDP synchronization and for bilateral FDI linkages as used in the data analysis. I then convert
the quarterly data to the yearly frequency by averaging across quarters. Finally, I regress the
obtained synchronization measures on the log of bilateral FDI linkages. Table 8 reports the
results for the three model versions considered. Note that, in the last row of the table, I report
the synchronization measure for actual output; in the model, actual output differs from measured
GDP because investment in technology capital is expensed in national accounts. In the data,

7

I do not have an equivalent measure available, for this reason I put “n.a.” in the respective
column. For comparison in table 8 I also report the coefficients on the same regression using

actual data, repeating the estimates in column (3) in tables 3 and 4, respectively.

Three results emerge. First, I find that overall a higher degree of FDI integration leads to higher

level of investment synchronization, as reflected in an integration coefficient between 0.317 and

36 Alternatively, I have experimented with simulating 40 country pairs where I vary 7 such that I match all
country-pairs in terms of FDI linkages. The results are very similar to the ones reported here, so I opted for the
simpler procedure.
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1.202. Therefore the model generates a positive relationship between FDI integration and cross-
country investment synchronization that is quantitatively in line with the data. In fact, for all
model versions, the estimated coefficient in the model lies in the 95% interval of the estimated
coefficient in the data. This suggests that the relation between FDI linkages and investment

synchronization implied by the model is not rejected by the data.

Second, the the sign of relation between FDI integration and GDP synchronization is ambiguous;
the estimated coefficients in the model range from -0.116 to 0.069. All these values lie in the
95% interval of the estimated coefficient in the data. This suggests that the relation between
FDI linkages and output synchronization implied by the model is not rejected by the data. In
terms of magnitude, the estimated coefficients for GDP synchronization are significantly smaller

than the coefficients obtained for investment synchronization, as observed in the data.

Third, as reported in the last row of table 8, actual output synchronization is larger than
suggested by the estimates for GDP synchronization: the regression coeflicients on actual output
added range from 0 to 0.212, always lying above the estimates for GDP synchronization. The
model therefore suggests that focusing on measured GDP as an indicator for co-movement
underestimates the actual business cycle co-movement. To get a sense for the magnitudes,
consider the estimated coefficients for the benchmark model, reported in column one. The
coefficient for GDP synchronization is 0.069 while the one for actual actual output is 0.140.
Hence, the GDP regressions suggest that a doubling of FDI linkages would lead to an increase
in GDP synchronization of 0.069 percentage points. In contrast, actual output a doubling of
FDI linkages leads to an increase in synchronization of 0.140 percentage points, a value that
is roughly double than the one suggested by the GDP synchronization estimates. Therefore
the model gives a theoretical rationale for a substantial bias in the regression estimates due to

measurement error that emerges because national accounts do not include intangible capital.

4.3 Robustness

In this sub-section, I examine the role of key model ingredients and key parameter values for
the quantitative performance of the model. Table 9 summarizes the results. For details on the

calibration for the considered model versions, see appendix C.

Higher elasticity of substitution. One key parameter of the model is the elasticity of
substitution between goods produced by firms from different countries. Following (Atkeson
and Kehoe, 2005), I set n = 0.9 implying an elasticity of substitution equal to 10. I then
recalibrate the remaining parameters so that the model is consistent with the data targets. I
then construct a panel of 10 country pairs so that FDI linkages are between 0.5 and 39 percent
(as in the benchmark model) and run the same regressions on this modified model version
as in the benchmark. The results are shown in the column labeled “High subst. elast.” in

table 9. The coefficient of a regression of FDI linkages on investment synchronization drops by
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Table 9: Bilateral FDI linkages and synchronization: model robustness

Data Model
Benchm. High No Techn. Omne sec- Fin. Au-
subst. Cap. tor tarky
elast.
Coeff. on inv. synch. 1.543 0.726 0.468 0.443 0.463 0.102
(0.628)
Coeff. on GDP synch. 0.320 0.069 0.161 0.101 0.057 0.063
(0.270)
Coeff. on output synch. n.a. 0.140 0.134 0.101 0.096 0.085
n.a.

Notes: The table reports the estimated coefficients for the simulations of different model versions. For convenience, column
one reports the estimated coefficients obtained from the data, taken from column (3) in tables 3 and 4, respectively. For
the empirical estimates, standard errors are reported in parenthesis below. The last three columns report the estimated
coefficient of the three model versions. In the first row, the dependent variable is investment synchronization, in the second
row GDP synchronization, and in the third row it is actual output (Y). The right hand side variable in all regressions is
log of the sum of bilateral FDI positions divided by the sum of the countries” GDP. A dagger next to the model statistic
indicates that the hypothesis that the data statistic (column one) is equal to the corresponding model statistic cannot be
rejected at the 5% confidence level (i.e. the model statistic is contained in the 95% interval of the empirical statistic).

around 40 percent. The reason is that multinational specific shocks have less impact on the
intermediate good sector when goods are more substitutable. To see this, consider the extreme
case when goods produced in the intermediate good sector are perfect substitutes. Whenever
a firm experience a positive shock (and the other firm does not) then it will invest more and
hire more labor to produce more output. The other firm is relatively less productive and will
therefore reduce investment and hire less labor and therefore produce less output. When goods
are perfect substitutes, these to effects cancel out each other, so that multinational-specific
shocks have no aggregate impact. In fact, with more FDI integration, investment in technology
capital becomes more negatively correlated (not shown). This also explains why in this model
version the regression coefficient on GDP synchronization exceeds the regression coefficient on

actual output.

No technology capital. This version of the model helps to understand the role of technology
capital for the transmission of shocks. Abstracting from technology capital, makes the model
similar to the model studied by (Cravino and Levchenko, 2016) who only consider shocks to
multinational activity but abstract from technology capital.?” The results are shown in the
column labeled “No Techn. Cap.” in table 9. The coefficient on investment synchronization
drops by around 40 percent. This suggests that technology capital is important to quantitatively
explain the regression coefficients in the data. Obviously, there is no bias in the regression

coefficient due to mis-measurement of intangible investments.

One sector model. This version of the model helps to understand the role of having the final

good sector using inputs that are produced by multinationals. As highlighted in the introduction,

3"To be precise, they abstract entirely from capital accumulation in their model.
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it seems to be a key feature of multinational activity that other sectors of the economy use inputs
that are produced domestically by multinational firms. Specifically, in this model version, I set
v = 1 so that the final good is entirely produced using the intermediate good produced by
multinationals, so there is no value added in the final good sector. Column “One sector” in table
9 summarizes the results. The coefficient on investment synchronization drops by around 40
percent. This suggests that shocks to multinational firms get transmitted to other sectors and
have an effect on the investment decisions. Through the lens of the model, a positive shock to
the foreign multinational that produces domestically makes the intermediate good cheaper for
the final good producers. Because of the lower costs they also invest more. This transmission

of shocks seem to be quantitatively important.

Financial autarky. This version of the model helps to understand the role of international
risk sharing possibilities of households and multinational activity. If households have no access
to internationally traded assets but have a claim on the dividends of multinational firms, cross-
border multinational investments serve a double role. On the one hand, firms want to exploit
opportunities domestically and abroad, on the other hand, they have to take into account the
risk sharing properties of their investment, as reflected in the stochastic discount factors of their
owners.?® Risk sharing in this one-good model means that consumers want to be compensated
with high consumption when output is low. Investment typically follow the 'make-hey-where-
the-sun-shines” pattern, that is, it flows to the most productive country. This suggests negative
correlations of investments even within firms and this counter-acts the positive effects of more
FDI integration as highlighted in the benchmark model with complete financial markets. These
considerations are confirmed by column “Fin. Autarky” in table 9. The coefficient on investment
synchronization is still positive but drops to 0.1 only 15 percent of the estimate in the benchmark
model. The regression coeflicient on GDP and actual output synchronization are positive, and

there is still a substantial bias in the regression coefficient on GDP synchronization.

5 Summary

In this paper, I document that FDI integration and investment synchronization are positively
correlated and the relation between FDI linkages and GDP synchronization is - yet positive -
quantitatively much smaller and indistinguishable from zero after controlling for common shocks.
I then propose a tractable international business cycle model where multinational firms engage
in FDI and multinational activity is subject to shocks. I show that the positive association
between FDI openness and investment synchronization is consistent with the hypothesis that
multinationals play an important role for the international transmission of shocks. The model
also gives a rationale for the weak link between financial integration on GDP co-movement.

Due to unmeasured intangible investments in GDP as constructed in national accounts, actual

38Recall that in case of financial autarky, I have assumed complete home bias, that is, equity of multinationals
cannot be traded.
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output co-movement is overestimated when countries are relatively closed and underestimated

when countries are relatively open to FDI.

There are four main lessons from the theory. First, more FDI openness leads unambiguously
to higher investment synchronization across country borders. This result holds in all model

specifications considered.

Second, shocks to multinational activity are important to quantitatively account for the esti-
mated link between FDI integration and investment synchronization. The regression coefficients
estimated on simulated data from the model with multinational-specific shocks quantitatively
explain around half of the empirical regression coefficients, compared to 20 percent in the model

version without multinational-specific shocks.

Third, technology capital is important for the transmission of shocks. The regression coefficients
estimated on simulated data from the benchmark model with multinational-specific shocks and
technology capital quantitatively explain around half of the empirical regression coefficients,

compared to 30 percent in the model version without technology capital.

Fourth, because intangible investment are mis-measured in national accounts, the effect of FDI
linkages on actual output synchronization are higher than the the regression coefficients using

GDP synchronization suggest.

References

AvARrEzZ, F., anDp R. E. Lucas (2007): “General equilibrium analysis of the Eaton-Kortum

model of international trade,” Journal of monetary Economics, 54(6), 1726-1768.

ATKESON, A., anp P. J. KEHOE (2005): “Modeling and Measuring Organization Capital,”
Journal of Political Economy, 113(5), pp. 1026-1053.

Backus, D., P. KEHOE, anD F. KYDLAND (1992): “International real business cycles,” Journal
of Political Economy, pp. 745-775.

(1994): “Dynamics of the trade balance and the terms of trade: The J-curve?,” The
American Economic Review, 84(1), 84-103.

BAXTER, M., axp M. J. CRUCINI (1995): “Business Cycles and the Asset Structure of Foreign
Trade,” International Economic Review, pp. 821-854.

BAXTER, M., AND M. A. KOUPARITSAS (2005): “Determinants of business cycle comovement:
a robust analysis,” Journal of Monetary Economics, 52(1), 113-157.

BoeHM, C., A. FLAAEN, AND N. PANDALAI-NAYAR (2015): “Input Linkages and the Transmis-
sion of Shocks: Firm-Level Evidence from the 2011 Tohoku Earthquake,” Discussion paper.

34



CORRADO, C., C. HULTEN, anxD D. SICHEL (2009): “Intangible capital and US economic
growth,” Review of income and wealth, 55(3), 661-685.

CRAVINO, J., AND A. A. LEVCHENKO (2016): “Multinational firms and international business

cycle transmission,” The Quarterly Journal of Economics, p. qjw043.

DEesa1r, M. A., C. F. FOLEY, anp J. R. HINES (2005): “Foreign Direct Investment and the

Domestic Capital Stock,” American Economic Review, pp. 33-38.

EISFELDT, A. L., AND D. PAPANIKOLAOU (2013): “Organization Capital and the Cross-Section

of Expected Returns,” The Journal of Finance.

FRANKEL, J. A.; anp A. K. ROSE (1998): “The endogenity of the optimum currency area
criteria,” The Economic Journal, 108(449), 1009-1025.

HEATHCOTE, J., aND F. PERRI (2002): “Financial autarky and international business cycles,”
Journal of Monetary Economics, 49(3), 601-628.

HEATHCOTE, J., aND F. PERRI (2004): “Financial globalization and real regionalization,” Jour-
nal of Economic Theory, 119(1), 207-243.

Hsu, C.-C., J.-Y. Wu, anp R. YAu (2011): “Foreign direct investment and business cycle

co-movements: The panel data evidence,” Journal of Macroeconomics, 33(4), 770 — 783.

IMBs, J. (2004): “Trade, finance, specialization, and synchronization,” Review of Economics and
Statistics, 86(3), 723-734.

(2006): “The real effects of financial integration,” Journal of International Economics,
68(2), 296-324.

JOHRI, A., M.-A. LETENDRE, aAND D. Luo (2011): “Organizational capital and the interna-

tional co-movement of investment,” Journal of Macroeconomics, 33(4), 511-523.

KALEMLI-OZCAN, S., E. PAPAIOANNOU, AND F. PERRI (2013): “Global banks and crisis trans-

mission,” Journal of International Economics, 89(2), 495 — 510.

KALEMLI-OZCAN, S., E. PAPAIOANNOU, AND J.-L. PEYDRO (2013): “Financial Regulation,
Financial Globalization, and the Synchronization of Economic Activity,” The Journal of Fi-
nance, 68(3), 1179-1228.

KAPICKA, M. (2012): “How Important is Technology Capital for the United States?,” American

Economic Journal: Macroeconomics, 4(2), 218-248.

KLEINERT, J., J. MARTIN, anD F. ToUBAL (2015): “The few leading the many: Foreign

affiliates and business cycle comovement,” American Economic Journal: Macroeconomics,
7(4), 134-1509.

35



Kosge, M., anp K. Y1 (2006): “Can the standard international business cycle model explain
the relation between trade and comovement?,” Journal of International Economics, 68(2),
267-295.

LANE, P., anD G. MILESI-FERRETTI (2007): “The external wealth of nations mark II: Revised

and extended estimates of foreign assets and liabilities, 1970-2004,” Journal of International
Economics, 73(2), 223-250.

LusTiG, H., C. SYVERSON, AND S. VAN NIEUWERBURGH (2011): “Technological change and

the growing inequality in managerial compensation,” Journal of Financial Economics, 99(3),
601-627.

McGRATTAN, E.; anDp E. PRESCOTT (2009): “Openness, technology capital, and development,”
Journal of Economic Theory, 144(6), 2454-2476.

(2010): “Technology Capital and the US Current Account,” The American Economic
Review, 100(4), 1493-1522.

(2014): “A Reassessment of Real Business Cycle Theory,” The American Economic
Review, 104(5), 177-182.

OUYANG, M. (2011): “On the Cyclicality of R&D,” Review of Economics and Statistics, 93(2),
542-553.

QUADRINI, V., anp U. J. JERMANN (2012): “Macroeconomic Effects of Financial Shocks,”
American Economic Review, 102(1), 238-71.

RAMONDO, N., aND V. RAPPOPORT (2010): “The role of multinational production in a risky

environment,” Journal of International Economics, 81(2), 240 — 252.
UNCTAD, G. (2011): “World Investment Report 2011,” United Nations Publication.

WALDE, K., aNpD U. WOITEK (2004): “R&D expenditure in G7 countries and the implications

for endogenous fluctuations and growth,” Economics Letters, 82(1), 91-97.

36



Appendix

A Data

Quarterly output and investment data are from OECD Quarterly National Accounts. The
real series are annualized in constant US Dollars (OECD reference year), converted at fixed
PPP exchange rates and seasonally adjusted (series VPVOBARSA). Correlations are the yearly
average of 20 quarter rolling window estimates after HP-filtering data. The synchronization
measures are calculated as explained in the main text. Yearly nominal GDP is from OECD
National Accounts, annualized values in current US Dollars, converted at current PPP exchange
rates, and seasonally adjusted (series CPCARSA). Bilateral outward and inward foreign direct
investment data are from the OECD Foreign Direct Investment Database at a yearly frequency.
Note that a general caveat of FDI data is that it is usually recorded at historical cost, so the FDI
positions do not necessarily reflect actual market values. Total foreign direct investment data
are from the OECD foreign direct investment data and from Lane and Milesi-Ferretti (2007).
Bilateral exports and imports are from the OECD monthly trade statistics. Population data are
from OECD labor market statistics. Industrial specialization in year ¢ is calculated as in Imbs
(2006); it is the absolute distance of the shares in actual output of each sector in countries i and

7, summing over all sectors. The data are from the OECD Statistics on Measuring Globalisation.

Table 10 summarizes the country pairs with all FDI data are available throughout the whole
sample from 1990 to 2006 and 1995 to 2006, respectively. An exception is Japan, bilateral FDI
data are available from 1985 to 1994 and 1996 to 2006 only, 1995 is not reported in the OECD
database. For not deleting a G7 member from the analysis, I used linear interpolation to obtain
the bilateral FDI positions for 1995.

Table 10: Country pairs used in empirical analysis
Balanced Sample, 1991 - 2006

AUT,CAN AUT,DEU AUT,FRA AUT,GBR AUT,USA CANDEU CAN,FRA CAN,GBR
CAN,ITA CAN,JPN CAN,NOR CAN,USA DEU,GBR DEUITA DEU,JPN DEUNLD
DEU,NOR DEU,SWE DEU,USA FRADEU FRA,GBR FRA,ITA FRAJPN FRANLD
FRA,NOR FRA,SWE FRA,USA GBR,USA ITA,GBR ITA,JPN  ITANLD ITA,USA

JPN,GBR JPN.NLD JPN,USA NLD,GBR NLD,USA NOR,SWE NOR,USA SWE,USA

Notes: The table lists the country-pairs for which bilateral data were available in all years without gaps used in the respective samples.
Essentially, it consists of the 21 G7 country pairs plus pairs involving Austria, Netherlands, Norway, and Sweden. Please read the note
regarding the bilateral FDI positions reported by Japan in this appendix.

B Additional empirical results and robustness checks

This section presents several robustness checks for the empirical results in the main text. Figure
5 shows that average bilateral synchronization and bilateral FDI linkages share exhibit both an

upward trend over time, between 1991 and 2006.
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Figure 5: Average bilateral synchronization and average bilateral FDI linkages over time
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Notes: The solid line in the upper left panel plots the average bilateral synchronization of GDP, for each year
averaged over all 40 country pairs. The solid line in the upper right panel plots the average bilateral synchronization
of aggregate investment, for each year averaged over all 40 country pairs. The dashed lines in the upper panels plot
the linear trends corresponding to the respective solid lines. The solid line in the lower left panel plots the average
bilateral FDI linkages, for each year averaged over all 40 country pairs. The dashed line in the lower left panel plots
the average bilateral trade linkages, for each year averaged over all 40 country pairs. For a list of the country pairs
included in the analysis see appendix A.

As a robustness to the empirical results presented in the main text, I restrict the analysis to the
21 country pairs consisting of G7 countries only for the years 1991 to 2006. Table 11 reports the
results for investment synchronization. The main message remains, more bilateral FDI linkages
are associated with more investment synchronization. The point estimates are of the same order
of magnitude and do not differ between G7 country pairs and other country pairs. Note that the
estimates significant different from zero for specifications in which interaction terms between FDI
openness and industrial specialization and between trade openness and industrial specialization,
respectively, are included. For that purpose I define a dummy variable that takes the value 0
if specialization is smaller or equal to the median specialization. For country-years in which

specialization exceeds the median specialization, the dummy is equal to one.

The results for GDP synchronization are as for G7 countries only. The point estimates are
positive but not statistically different from zero, even when including interaction terms between

FDI openness and specialization and trade openness and specialization.
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Table 11: Bilateral FDI linkages and investment synchronization, G7 country pairs

Dependent Variable: Investment growth synchronization (annualized)

(1) (2) 3) (4) (5) (6) (7) (3)
FDI/GDP 1.538%  0.537  1.752*%%  1.716**
(1.85) (1.24) (2.62) (2.78)
Trade/GDP 0.525
(0.25)
FDI/Total FDI 0.492  0.635 1.430%*  1.544%%*
(0.59) (1.33) (2.42) (2.90)
Trade/Total Trade -1.315
(-0.61)
Country-pair fixed Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No Yes Yes Yes No Yes Yes Yes
Country trends Yes No Yes Yes Yes No Yes Yes
R-squared (within) 0.160 0.357  0.387 0.387 0.154  0.358  0.385 0.385
Observations 315 315 315 315 315 315 315 315

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over the period 1991 to 2006 of the G7 countries plus country
pairs involving Austria, Netherlands, Norway, and Sweden (in total, 40 country pairs). These are all countries for which bilateral FDI positions
are available for all years. The dependent variable is minus one times the absolute value of the difference in quarterly growth rate of aggregate
investment between country ¢ and j in year ¢ (the yearly estimate is obtained by averaging over the respective four quarterly estimates). In
columns (1) - (4) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities
between countries ¢ and j in the previous year relative to the sum of the two countries’” GDP in the previous year (denoted FDI/GDP). In
columns (5) - (8) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities
between countries 7 and j in the previous year relative to the sum of the two countries’ total FDI Assets and FDI Liabilities in the entire
world in the previous year (denoted FDI/Total FDI). All specifications also include the log of the two countries’ GDP per capita, the log of
the product of both countries’ populations in the previous year, trade openness measured by Trade/GDP (in spec. (1) to (4)) or Trade/Total
Trade (in spec. (5) to (8)), and the log of an index measuring industrial specialization, all lagged by one period (year). The specification in
(4) includes an interaction term between FDI/GDP and a dummy variable (Dspec) that takes on the value one if the specialization index of
a country pair is bigger than the median specialization of the sample and zero otherwise. Analogously it includes the same interaction term
for Trade/GDP (not reported). Specification (8) includes an interaction term between FDI/Total FDI and a dummy variable (Dspec) that
takes on the value one if the specialization index of a country pair is bigger than the median specialization of the sample and zero otherwise.
The specifications in columns (1) and (5) include country-specific linear time-trends. The specifications in columns (2) and (6) include time
fixed-effects. The specifications in columns (3), (4), (7), and (8) include time fixed-effects and country-specific linear time-trends. Standard
errors adjusted for panel (country-pair) specific auto-correlation and heteroskedasticity and corresponding t-statistics are reported below the
estimated coefficients. { denotes significance at the 85% confidence level, * denotes significance at the 90% confidence level, ** denotes
significance at the 95% confidence level, *** denotes significance at the 99% confidence level. For a detailed data description see appendix A.

Second, in table 13 and 14, I report regressions for HP-filtered data. For this purpose, I regress
the 20 quarter cross-correlation of HP-filtered data in period ¢ on FDI and trade openness in year
t—>5, that is, the initial value of the 20-quarter window. All other controls (log of product of GDP
per capita, log of product of population, log of industrial specialization index) are also lagged
by 5 years. Note that qualitatively the results remain the same when regressing the correlations
on the 5 year averages of the time windows (not reported, available upon request). I prefer the
former specification because there is more likelihood that exogeneity of the regressors and the
residuals hold. For the HP-filtered data, I also splitted the sample in three non-overlapping time
periods, 1991- 1996, 1996- 2001, and 2001 - 2006. As dependent variables I use the cross-country
correlation of hp-filtered GDP and investment, respectively, computed for the 20 quarters of each
time period. I then regress GDP and investment correlation on the log of bilateral FDI linkages
at the beginning of each time period, that is, FDI position in 1991, 1996, and 2001, respectively.
For all these robustness checks, the findings are similar to the ones of the benchmark estimates in
the main text. More FDI linkages are associated with higher investment correlations, and there
is no statistical link between FDI linkages and GDP correlations (though the point estimate is

positive).
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Table 12: Bilateral FDI linkages and GDP synchronization, G7 country-pairs

Dependent Variable: GDP growth synchronization (annualized)

(1) () ®3) (4) (5) (6) (7) (8)

FDI/GDP 0.617%* 0108  0.317  0.346
(2.26)  (0.69) (1.28) (1.41)

Trade/GDP -0.421
(-0.74)
FDI/Total FDI 0.447t  0.0763 0.207  0.222
(1.57) (0.47) (0.80)  (0.86)
Trade/Total Trade -0.172
(-0.29)
Country-pair fixed Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No Yes Yes Yes No Yes Yes Yes
Country trends Yes No Yes Yes Yes No Yes Yes
R-squared (within) 0.179 0.343 0.365 0.366 0.172 0.343 0.363 0.363
Observations 315 315 315 315 315 315 315 315

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over the period 1991 to 2006 of the G7 countries plus country
pairs involving Austria, Netherlands, Norway, and Sweden (in total, 40 country pairs). These are all countries for which bilateral FDI positions
are available for all years. The dependent variable is minus one times the absolute value of the difference in quarterly growth rate of aggregate
investment between country ¢ and j in year t (the yearly estimate is obtained by averaging over the respective four quarterly estimates). In
columns (1) - (4) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities
between countries ¢ and j in the previous year relative to the sum of the two countries’” GDP in the previous year (denoted FDI/GDP). In
columns (5) - (8) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities
between countries ¢ and j in the previous year relative to the sum of the two countries’ total FDI Assets and FDI Liabilities in the entire
world in the previous year (denoted FDI/Total FDI). All specifications also include the log of the two countries’ GDP per capita, the log of
the product of both countries’ populations in the previous year, trade openness measured by Trade/GDP (in spec. (1) to (4)) or Trade/Total
Trade (in spec. (5) to (8)), and the log of an index measuring industrial specialization, all lagged by one period (year). The specification in
(4) includes an interaction term between FDI/GDP and a dummy variable (Dspec) that takes on the value one if the specialization index of
a country pair is bigger than the median specialization of the sample and zero otherwise. Analogously it includes the same interaction term
for Trade/GDP (not reported). Specification (8) includes an interaction term between FDI/Total FDI and a dummy variable (Dspec) that
takes on the value one if the specialization index of a country pair is bigger than the median specialization of the sample and zero otherwise.
The specifications in columns (1) and (5) include country-specific linear time-trends. The specifications in columns (2) and (6) include time
fixed-effects. The specifications in columns (3), (4), (7), and (8) include time fixed-effects and country-specific linear time-trends. Standard
errors adjusted for panel (country-pair) specific auto-correlation and heteroskedasticity and corresponding t-statistics are reported below the
estimated coefficients. { denotes significance at the 85% confidence level, * denotes significance at the 90% confidence level, ** denotes
significance at the 95% confidence level, *** denotes significance at the 99% confidence level. For a detailed data description see appendix A.

C Model details and Robustness

C.1 Model Equations

In this subsection, I list the model equations, including the first order conditions of households
and firms. Note that because the model is symmetric, the first order conditions for foreign firms

are omitted.

Output in tradable good sector in the home country and relative price of intermediate good

bundle

Vi = Akt X'
Yy

Pt:(l—l/)ft
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Table 13: Bilateral FDI linkages and investment correlations, hp-filtered data

Dependent Variable: cross-country correlation of hp-filtered investment

(1) () 3) (4) (5) (6) (7 (8)

FDI/GDP 0.230**  0.248%**%  (0.214**  0.237**
(2.38) (2.88) (2.31) (2.50)
Trade/GDP -0.594**
(-2.27)
FDI/Total FDI 0.1671  0.193**  0.188*  0.243**
(1.66) (2.09) (1.99) (2.50)
Trade/Total Trade -0.776%**
(-3.77)
Country-pair fixed Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No Yes Yes Yes No Yes Yes Yes
Country trends Yes No Yes Yes Yes No Yes Yes
R-squared (within) 0.396 0.367 0.461 0.475 0.388 0.357 0.459 0.490
Country-pairs 40 40 40 40 40 40 40 40
Observations 480 480 480 480 480 480 480 480

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over the period 1991 - 2006, using a balanced panel for 40
country-pairs for which bilateral FDI positions are available for all years. A list of included countries-pairs can be found in table ?7. The
dependent variable is the five-year average cross-country correlation of hp-filtered investment in country ¢ and j averaged over the past 20
quarters. All right hand-side variables are lagged by five periods (years), that is, measured at the beginning of the rolling windo. In columns
(1) - (4) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities between
countries ¢ and j in the initial year of the respective time period relative to the sum of the two countries’ GDP in the in the initial year
of the respective time period (denoted FDI/GDP). In columns (5) - (8) FDI integration is measured by the log of the share of the stock of
bilateral Foreign Direct Investment Assets and Liabilities between countries ¢ and j in the initial year of the respective time period relative
to the sum of the two countries’ total FDI Assets and FDI Liabilities vis-a-vis the entire world in the initial year of the respective time
period (denoted FDI/Total FDI). All specifications also include the log of the two countries’ GDP per capita, the log of the product of the
two countries’ population in the initial year of the respective time period, and the log of industrial specialization index. Specification (4)
includes the log of the share of bilateral export and import flows between countries 7 and j in the initial year of the respective time period
relative to the sum of the two countries’ GDP in the initial year of the respective time period (Trade/GDP). Specification (8) includes the
log of the share of bilateral export and import flows between countries ¢ and j in the initial year of the respective time period relative to the
sum of the two countries’ total exports and imports in the initial year of the respective time period (Trade/Total Trade). The specifications
in columns (1) and (5) include country-specific linear time-trends. The specifications in columns (2) and (6) include time fixed-effects. The
specifications in columns (3), (4), (7), and (8) include time fixed-effects and country-specific linear time-trends. Standard errors adjusted for
panel (country-pair) specific auto-correlation and heteroskedasticity and corresponding t-statistics are reported below. { denotes significance
at the 85% confidence level, * denotes significance at the 90% confidence level, ** denotes significance at the 95% confidence level, *** denotes
significance at the 99% confidence level. For a detailed data description see appendix A.

Output on intermediate good sector in the home country

Yie = ygt + (y;;t)n
Optimality conditions w.r.t. labor for home firms
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Table 14: Bilateral FDI linkages and output correlations, hp-filtered data
Dependent Variable: cross-country correlation of hp-filtered GDP
1) (2 (3) (4) (5) (6) (7) (8)

FDI/GDP -0.0267 0.0835 0.0299  0.0410
(-0.26)  (0.85)  (0.37)  (0.49)

Trade/GDP -0.282
(-1.27)
FDI/Total FDI -0.0114 0.122 0.0772  0.113
(-0.11) (1.39) (0.96) (1.29)
Trade/Total Trade -0.505%**
(-2.80)
Country-pair fixed Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No Yes Yes Yes No Yes Yes Yes
Country trends Yes No Yes Yes Yes No Yes Yes
R-squared (within) 0.297 0.399 0.515 0.518 0.297 0.402 0.517 0.530
Country-pairs 40 40 40 40 40 40 40 40
Observations 480 480 480 480 480 480 480 480

Notes: The table reports panel (country-pair) fixed-effect coefficients estimated over the period 1991 - 2006, using a balanced panel for 40
country-pairs for which bilateral FDI positions are available for all years. A list of included countries-pairs can be found in table ?7. The
dependent variable is the five-year average cross-country correlation of hp-filtered GDP in country ¢ and j averaged over the past 20 quarters.
All right hand-side variables are lagged by five periods (years), that is, measured at the beginning of the rolling windo. In columns (1) -
(4) FDI integration is measured by the log of the share of the stock of bilateral Foreign Direct Investment Assets and Liabilities between
countries ¢ and j in the initial year of the respective time period relative to the sum of the two countries’” GDP in the in the initial year
of the respective time period (denoted FDI/GDP). In columns (5) - (8) FDI integration is measured by the log of the share of the stock of
bilateral Foreign Direct Investment Assets and Liabilities between countries 7 and j in the initial year of the respective time period relative
to the sum of the two countries’ total FDI Assets and FDI Liabilities vis-a-vis the entire world in the initial year of the respective time
period (denoted FDI/Total FDI). All specifications also include the log of the two countries’ GDP per capita, the log of the product of the
two countries’ population in the initial year of the respective time period, and the log of industrial specialization index. Specification (4)
includes the log of the share of bilateral export and import flows between countries ¢ and j in the initial year of the respective time period
relative to the sum of the two countries’ GDP in the initial year of the respective time period (Trade/GDP). Specification (8) includes the
log of the share of bilateral export and import flows between countries 7 and j in the initial year of the respective time period relative to the
sum of the two countries’ total exports and imports in the initial year of the respective time period (Trade/Total Trade). The specifications
in columns (1) and (5) include country-specific linear time-trends. The specifications in columns (2) and (6) include time fixed-effects. The
specifications in columns (3), (4), (7), and (8) include time fixed-effects and country-specific linear time-trends. Standard errors adjusted for
panel (country-pair) specific auto-correlation and heteroskedasticity and corresponding t-statistics are reported below. { denotes significance
at the 85% confidence level, * denotes significance at the 90% confidence level, ** denotes significance at the 95% confidence level, *** denotes
significance at the 99% confidence level. For a detailed data description see appendix A.
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Optimality conditions with respect to investment, home firms
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Analoguous for foreign firms. Domestic and foreign households
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Table 15: Parameter values

Description Symbol Model
Benchm. High No One Fin.
subst.  Techn. sector Au-
elast. Cap. tarky
Preferences
Discount factor B 0.99
Total time endowment L 3
Weight of leisure «a 1.682 1.682 1.721 1.679 1.682
Technology
Income share of labor in production 0 0.35 0.350 0.360 0.350 0.350
Share of intermediate goods in tradables v 0.50
Income share of technology capital 10) 0.19 0.190 0.001 0.100 0.190
Elasticity of demand interm. good sector ﬁ 3 10 3 3 3
Degree of FDI openness T 0.04 0.22 0.08 0.04 0.04
Deprectiation and adjustment costs
Depreciation physical capital ) 0.025
Depreciation technology capital Om 0.0375
Adjustment cost physical capital P 0.084 0.081 0.060 0.081 0.084
Adjustment cost technology capital - 0.078 0.078 0.060 0.078 0.078
Std. dev. prod. shock Oa 0.006 0.005 0.004 0.005 0.007
Std. dev. techn. capital efficiency shock o, 0.010 0.011 0.008 0.006 0.010
Cross-country correlation prod. shock pa = 0.000 0.000 0.000 0.000 0.000
Pz
Autoregessive coefficients A, = 0.9 0
A 0 095

Goods market clearing

Y;g—*—yvt*:Ot—i-cz+’L.Tt+2'§~t+’idt+’t'ft+i2t+’ijct+th+i}k\4t

International financial markets:

a) Complete financial markets
A=A,
b) Financial autarky

Cy = weLy + dpy + dare

C.2 Robustness
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Table 16: Targeted data moments and model fit

Data Model
BenchmarKigh No One Fin.
subst. Techn. sector  Au-
elast. Cap. tarky
Long-run averages
Labor income share 64 64 64 64 63 64
Investment in technology capital over 8 8.1 8.1 0.0 8.5 8.1
GDP
FDI/GDP 1.5 1.7 14 1.6 1.8 1.7
Second moments
SD(GDP) 1.3 1.3 1.3 1.3 1.3 1.3
SD(I)/SD(GDP) 3.6 3.6 3.7 3.6 3.7 2.6
SD(Im)/SD(GDP) 3.6 3.6 3.7 34 3.6 2.7
Sales correlation (within firm) 0.3 0.3 0.3 0.3 0.3 0.3

Notes: This table presents the target moments used for the calibration of different model versions. I compare the moments
in the data to the averages of the models’ stationary distributions obtained by simulating 150000 time periods and dropping
the first 50000. The labor income share is computed from US data, published by the BEA. The within-multinational sales
correlation is taken from Cravino and Levchenko (2016). The remaining data moments are the median values across time
and countries for the OECD sample, see table 1. For a detailed description of the data see appendix A. Column two shows
the data moments. Column three refers to the model with complete financial markets and country-specific productivity
shocks in the tradable sector only. Column four shows the implied moments from the model with complete financial markets
and both country-specific productivity shocks in the tradable sector and multinational specific shocks to the efficiency of

technology capital. Column five shows the moments for the model under financial autarky and both shocks.

Table 17: Business cycle statistics

GDP Cons. Inv. Empl. TFP Net Ex-
ports

Volatilities relative to GDP volatility

Data 1.3 0.65 3.0 0.65 0.35 0.64

Benchmark 1.3 0.31 3.67 0.68 0.58 0.44

High subst. elast. 1.3f 0.31 3.7t 0.68 0.57 0.44

No Techn. Cap. 1.37 0.25 3.6 0.58 0.63 0.37

One sector 1.3f 0.31 3.7t 0.68 0.57 0.47

Fin. Autarky 1.3 0.49 2.6 0.43 0.73 0.03
Correlation with GDP

Data 0.69 0.83 0.66 0.87 -0.29

Benchmark 0.63 0.91 0.95 0.97 0.18

High subst. elast. 0.63 0.90 0.95 0.97 0.13

No Techn. Cap. 0.59 0.93 0.97 0.98 0.08

One sector 0.63 0.90 0.95 0.97 0.12

Fin. Autarky 0.98 0.99 0.98 1.00 0.01
International Correlation

Data 0.37 0.19 0.26 0.16 0.19

Benchmark -0.19 1.00 -0.57 -0.67 0.27

High subst. elast. -0.18 1.00 -0.58 -0.66 0.29

No Techn. Cap. -0.29 1.00 -0.60 -0.67 0.01

One sector -0.18 1.00 -0.58 -0.66 0.30

Fin. Autarky 0.01 0.01 0.01 0.00 0.01

Notes: { denotes statistics matched in the calibration.
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