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Abstract

We investigate how multinational firms contribute to the transmission of shocks
across countries using a large firm-level dataset that contains ownership information
for 8 million firms in 34 countries. We use these data to document two novel empirical
patterns. First, foreign affiliate and headquarter sales exhibit strong positive comove-
ment: a 10% growth in the sales of the headquarter is associated with a 2% growth in
the sales of the affiliate. Second, shocks to the source country account for a significant
fraction of the variation in sales growth at the source-destination level. We propose a
parsimonious quantitative model to interpret these findings and to evaluate the role
of multinational firms for international business cycle transmission. For the typical
country, the impact of foreign shocks transmitted by all foreign multinationals com-
bined is non-negligible, accounting for about 10% of aggregate productivity shocks.
On the other hand, since bilateral multinational production shares are small, interde-
pendence between most individual country pairs is minimal. Our results do reveal
substantial heterogeneity in the strength of this mechanism, with the most integrated
countries significantly more affected by foreign shocks.
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1 Introduction

Multinational companies are a first-order feature of the world economy, accounting for
about one-third of gross output in many developed countries (see, e.g., Alviarez, 2013).
Since multinationals encompass production facilities that are spread across different parts
of the globe, a natural conjecture is that their rapid growth in recent decades has had an
impact on how economic shocks are transmitted across countries. However, the relation-
ship between multinational firms and transmission of shocks is not well-understood at
either the micro or the macro levels. At the micro level, there is limited empirical evidence
on how the activities of the different parts of a multinational are interrelated at business
cycle frequencies. At the macro level, it is yet to be established whether multinationals
matter quantitatively for aggregate comovement.

This paper uses novel firm-level data and a quantitative multi-country model to ex-
amine the role of multinational firms in aggregate business cycle transmission. Our data
come from ORBIS, a firm-level database that covers more than 8 million firms operating
in 34 countries over the period 2004-2012. The key feature of the dataset is that it con-
tains information on domestic and foreign ownership. Hence, for the first time in this
context, the operations of parents and affiliates are observed in the same dataset as well
as through time and in a broad cross-section of countries. This information allows us to
study micro-level cross-country comovement between the different parties of the multi-
national corporations. At the same time, the data cover the bulk of economic activity in
our sample of countries, making it possible to aggregate the firm-level results and derive
their implications for business cycle comovement.

Our analysis goes from micro patterns to macro implications in three stages. First,
at the firm level, we document strong comovement between multinational affiliates and
their parents: a 10% growth in the sales of the parent is associated with a 2% growth
in the sales of the affiliate. This correlation is computed after controlling for sectoral
and aggregate trends using source-sector-destination-sector-year fixed effects, so that it
captures the role of linkages within the multinational firm. The correlation is pervasive
across firms in different sectors, including services, which suggests that it is not driven
solely by vertical production linkages. The strong correlation between the parent’s and
affiliate’s growth is also present when we use value added or employment to measure
firms” growth, and is highly significant and robust to different samples, time periods,
fixed effects, and aggregation methods.

The firm-level estimates show that units of the same firm comove together at the busi-

ness cycle frequency. However, precisely because they are obtained controlling for very



detailed aggregate trends, they may not capture transmission of shocks that are com-
mon across parent firms in the source country. With this in mind, in our second step we
aggregate multinational sales to the source-destination level (i.e., combined sales of all
US multinational affiliates operating in the UK), and estimate whether the variation in
source-destination growth rates is driven by source-specific or destination-specific fac-
tors. Source-specific factors account for about 10% of the variation in bilateral growth
rates, compared to 20% accounted for by destination-specific factors. We interpret this re-
sult as evidence that shocks to the source country are important for the variation in total
sales.

Our empirical results thus demonstrate strong interdependence between source coun-
tries and their foreign affiliates. This interdependence is detectable both at the firm and
the source-destination level. The third step of our analysis assesses the quantitative im-
portance of this phenomenon for aggregate business cycle transmission using a multi-
country model that can be taken to the data. In the model, each country produces a final
good by aggregating the output of intermediate producers. These intermediate producers
may be local firms or foreign multinational affiliates. We introduce comovement between
multinational firms and their foreign affiliates by assuming that the productivity of the
affiliates is affected by the productivity of the parent.! In particular, the productivity of
foreign affiliates is a combination of a source-specific and destination-specific component.
The relative importance of the source vs. the destination component is governed by a cru-
cial parameter that we discipline with the data.

In the model, the extent to which multinationals contribute to the transmission of
shocks across countries is driven by: (i) what share of the firm’s technology shock orig-
inates in the source vs. the destination country; (ii) the distribution of bilateral multina-
tional shares in the economy; and (iii) general equilibrium effects. We use the model’s
structural equations to interpret our empirical results, and to calibrate the extent to which
shocks in the source country are transmitted by multinationals. We estimate that between
20 and 40 percent of the foreign affiliates” shocks originate in the source country. The
multinational production shares are taken directly from the data. Finally, the magnitude
of the general equilibrium effects depends on a composite parameter that combines the
elasticity of substitution across intermediates and the Frisch labor supply elasticity. We
benchmark these parameters using micro estimates of these elasticities, and check the

!This is a common approach in the literature on multinational production, see, among many others,
Helpman (1984); Markusen (1984); Helpman et al. (2004) and more recently McGrattan and Prescott (2009,
2010); Burstein and Monge-Naranjo (2009); Keller and Yeaple (2013); Ramondo and Rodriguez-Clare (2013);
Ramondo (2014); Alviarez (2013). See Antras and Yeaple (2014) for a recent overview of modeling ap-
proaches.



sensitivity of the results to alternative values.

We use the calibrated model to conduct three quantitative exercises to measure the
importance of multinational firms for the transmission of shocks across countries. First,
we compute impulse responses to country- and firm-level productivity shocks in each
source country, and track the propagation of these shocks across countries. A 1% produc-
tivity shock in the rest of the world as a whole raises productivity by 0.12% in the average
country, and by as much as 0.2-0.35% in the most integrated countries such as Ireland, the
Netherlands, and Slovakia.? Not surprisingly, the external impact of individual source
country shocks is considerably smaller. A shock that increases GDP by 1% in one of the
4 most important source countries — US, Germany, UK, and France - raises output in the
rest of the sample by between 0.01 and 0.02%. Shocks to other source countries have a
negligible impact, since multinational affiliates from other source countries tend to have
small output shares in a typical destination.

Second, we use the model to compute the business cycle correlation between each
pair of countries assuming that the primitive productivity shocks are uncorrelated. This
is an assessment of how much correlation can be generated purely by propagation of
shocks through multinationals under the observed levels of multinational activity. The
variation in model-implied correlations is driven entirely by the pattern of multinational
output shares. On the one hand, in most country pairs bilateral multinational shares are
small, and thus the model generates little business cycle comovement: the mean model-
implied correlation is 0.01 in the full sample of country pairs. On the other hand, for
country pairs involving either a major source or a major recipient of multinational firms,
the model generates between one quarter and one-tenth of the correlation observed in
the data. In addition, in the cross-section of country pairs the model-implied correlations
have a positive and highly significant relationship to the GDP correlations in the data.

Third, we conduct two counterfactual exercises that evaluate how the cross-country
dispersion of growth rates changes as we change the shares of multinational firms in the
world economy. In the first counterfactual, we consider a world in which there are no
multinational firms operating in foreign destinations. The counterfactual cross-country
dispersion in growth rates is 10% larger in this scenario than in our benchmark calibra-
tion. In the second counterfactual, we simulate a “full integration” equilibrium, in which
multinationals from any source country operate with the same intensity in all destina-

tions (that is, we eliminate the home bias in multinational production seen in the data).

2The large values for Ireland and the Netherlands reflect their importance as host countries for multina-
tional firms, which may be due in part to their role as tax shelters. None of the empirical or quantitative
results in the paper are driven by these countries.



Under full integration the counterfactual cross-country dispersion in growth rates is 35%
smaller than in our benchmark calibration.

Our main takeaway from these exercises is that the combined impact of all foreign
multinationals is small but significant, accounting for about 10% of the productivity shocks
in a typical country and leading to a somewhat more synchronized international business
cycle. The impact is highly heterogeneous across countries. The transmission of shocks
and positive business cycle correlations induced by multinational presence are clearly de-
tectable for the country pairs involving the most important source and destination coun-
tries. On the other hand, aggregate interdependence between most individual country
pairs is minimal, since most bilateral shares are small.

We highlight three key advantages of our dataset relative to existing empirical analy-
ses of multinationals and business cycle comovement. First, ORBIS provides information
on the activities of both the multinational parents and affiliates at a yearly frequency,
which allows us to estimate parent-affiliate sales correlations. Second, it includes the lo-
cal firms in each country along with the domestic and foreign multinationals. This allows
us to compute the importance of multinationals in each economy relative to the domes-
tic firms, and also to better estimate the country components of business cycle shocks.
Finally, ORBIS covers a broad cross-section of countries. This permits a decomposition
of growth rates into source and destination components, an exercise requiring data from
multiple sources and destinations. In addition, we can document the large heterogeneity
in the impact of multinationals across country pairs.

While the driving mechanism in our model is that productivity shocks are directly
transferred across countries within multinational firms, our model is isomorphic to a
setup in which comovement arises from the transmission of demand shocks for the firms’
product or from certain types of intermediate input linkages (see Appendix B.3). It has not
(yet) been established empirically that the transmission of shocks through input trade by
multinationals is a quantitatively important phenomenon. Ramondo et al. (2015) show
that US multinational affiliates abroad sell mostly in the local market, with the median
affiliate having no shipments to the parent. In a non-international context, Atalay et al.
(2014) show that most vertical ownership links are not primarily motivated by input trade
within the firm. In our own results, the correlation between affiliate and parent sales oc-
curs even among service sector firms, for which input trade is likely to be much less
relevant. While our model can accommodate the input linkage interpretation, our empir-
ical results show that intermediate input linkages are unlikely to be the sole determinant
of parent-affiliate comovement.

This paper contributes to three strands of the literature. The first is the research agenda



on the role of multinational firms in the transmission of international business cycles
(see, e.g., Burstein et al., 2008; Contessi, 2010; Zlate, 2012; Menno, 2014).3 This litera-
ture has focused mainly on the role of within-multinational trade and vertical integration
for business cycle synchronization, and has predominantly employed 2-country models.
In contrast, we develop a parsimonious multi-country quantitative framework that can
be directly taken to the firm-level data.

Second, we contribute to the empirical literature on multinational firms and comove-
ment. A number of papers (e.g., Budd et al., 2005; Desai and Foley, 2006; Desai et al.,
2009; Boehm et al., 2014) explore whether parents and affiliates are correlated.* Buch and
Lipponer (2005) and Kleinert et al. (2015) use sectoral and regional data to study whether
greater multinational presence is associated with greater comovement. All of these papers
feature only one source, or only one destination country, and frequently the information
on either the parent or the affiliate is limited. Our work is the first to study aggregate
comovement with multi-country data in which parents and affiliates are observed within
the same dataset. In addition, these papers by and large do not attempt to go from micro
estimates to business cycle comovement between countries. We develop a quantitative
framework to interpret the empirical findings and evaluate their implications for aggre-
gate comovement.

Finally, a large theoretical literature studies multinationals and technology transfers
(see, among many others, McGrattan and Prescott, 2009; Keller and Yeaple, 2013; Ra-
mondo and Rodriguez-Clare, 2013). In addition, an extensive empirical literature inves-
tigates the effects of FDI on productivity.> Our empirical contribution is to use firm-level
data to quantify the extent to which parents and affiliates are affected by common shocks
at the business cycle frequency.

The rest of this paper is organized as follows. Section 2 describes the data and presents
the basic summary statistics on multinationals” presence. Section 3 documents bilateral
firm-level and source-destination-level comovement between multinational firms. Sec-
tion 4 derives a structural framework to interpret our empirical results and to study the

aggregate implications of multinationals for business cycle comovement and for the trans-

3Also related is the literature that explores the role of cross-border vertical production linkages in the
international business cycle transmission (see, e.g., Kose and Yi, 2001; Arkolakis and Ramanarayanan, 2009;
Johnson, 2014), though this line of research is not explicit on whether the production linkages take place
within firms.

4 Alfaro and Chen (2012) investigate whether the affiliates of multinational firms responded to the recent
financial crisis differently than local establishments. Their focus is not, however, on parent and affiliate co-
movement. A number of recent studies examine how liquidity shocks are transmitted through international
banks, see for example Acharya and Schnabl (2010), Cetorelli and Goldberg (2011), and Schnabl (2012).

5See for example Javorcik (2004b), Guadalupe et al. (2012), and Fons-Rosen et al. (2013).



mission of shocks. Section 5 describes the quantitative results from the model and coun-
terfactuals, and Section 6 concludes.

2 Data and summary statistics

The data come from ORBIS, a large cross-country database maintained by Bureau van
Dijk. The ORBIS database includes information on both listed and unlisted firms col-
lected from various country-specific sources, such as national registries and annual re-
ports. Importantly, it contains information on the “global ultimate owner” of each firm
in the database. This information enables us to build links between affiliates of the same
tirm, including cases in which the affiliates and the parent are in different countries.® We
specify that a parent should own at least 50% of an affiliate to identify an ownership link
between the two firms. The time period is 2004-2012. The main variable used in the
analysis is the total sales (turnover) of each firm.

ORBIS contains data on more than 100 countries, but coverage is extremely uneven,
with most of those countries reporting information on very few firms. In addition, in or-
der to analyze multinationals we must use the “unconsolidated” accounts of each firm,
since the “consolidated” accounts may include operating revenue of the foreign affiliates.
After extensive checking of the data, we retain a sample of 34 countries with sufficiently
good coverage and data quality. In particular, the country sample satisfies the follow-
ing criteria. First, we keep countries with data on more than 750 firms in the average
year (as noted below, most countries in our sample are well above this threshold, the me-
dian country has data on 100,000 firms in the average year). Second, we keep countries
for which the aggregate revenues in ORBIS are at least 40% of aggregate output as re-
ported in standard sources. Third, we keep countries for which the correlation between
the growth rate of aggregate revenues in ORBIS and of GDP as reported in the World
Bank’s World Development Indicators exceeds 0.50.” Appendix A describes the data as-

The data do not contain the full ownership structure, implying that intermediate ownership links are
not fully observable. Thus, we do not know whether a firm’s “global ultimate owner” owns the firm
directly or through owning another company (in perhaps another country) that in turn owns the firm.

"Bosnia-Herzegovina and the Philippines were dropped from the sample in spite of satisfying the three
criteria due to poor data quality. Mexico was kept in the sample despite having a correlation with GDP that
is slightly below our threshold (0.49). Finally, ORBIS data for the US contains predominantly consolidated
accounts, which implies that the aggregate unconsolidated revenues in ORBIS represent a low share of
total revenues as reported in standard sources. We kept the US in the sample in spite of this issue due
to its importance as a source country of multinational affiliates present in other countries, as well as its
overall importance in the world economy. The data in ORBIS are collected in each destination country,
which means that we have extensive information on the foreign operations of US-based multinationals
even when data on their US operations are missing. The introduction of the US as a destination country



sembly and cleaning steps in greater detail.

Table 1 presents the resulting sample of countries along with some summary statistics
and checks on the quality of the data. The sample is dominated by European countries,
but includes both developed and developing countries, as well as countries outside of
Europe. Column 1 reports the total number of firms in the average year for each country.
The mean number of firms is about 180,000, and the median is about 100,000. There is a
wide range of coverage even in our restricted sample of countries: the country with the
smallest number of firms, Australia, has only 766 in an average year. Column 2 reports
the number of foreign multinational affiliates in each country. In the median country there
are about 2300 foreign multinational firms.

Column 3 presents the correlation between the country’s GDP growth rate and the
growth rate of aggregate sales of all the continuing firms in ORBIS. The aggregate growth
rate implied by ORBIS mimics the GDP growth quite well: the mean correlation between
aggregate growth in ORBIS and GDP growth from the national accounts is 0.81, and the
median is 0.83. This suggests that business cycle features are well captured in the ORBIS
data. Column 4 reports the ratio of the total sales of firms in ORBIS to the gross output
as reported in other sources. We use two data sources for this consistency check. For
EU countries, the best source of gross output data is EUROSTAT. For countries outside
of the EU, we take gross output data from the UN System of National Accounts. In this
sample of countries, the ORBIS data captures the bulk of aggregate output as reported by

national statistical agencies.

does not affect our quantitative results in Section 5 for the remaining countries.

7



*(SaLIIUNOd F-UoU I0J) ejep

VNS N 10 (serjunod N9 10§) IVISOUNT ut parrodar indino ssoid €303 03 GIGYO UI Sa[ES PaUIqUIod JO OTjeI 3y} pue ‘(102-$00¢) d[qe[reAe a1e ejep
SITIO YoIyMm 10§ porrad apy 1040 pMoI3 JOO pue SIGYO Ul saes 93edardde jo sajer Yjmoid o) Uaamiaq UOTIR[aII0d U} ‘AT)Unod |dea ur sajerjyje

reuoneunnu u3AI0J JO JOqUINU [€}0} PUE SWIT JO IaqUINU [ejo} a3 sj1odar )] ‘sisA[eue ayj ul pasn sarryunod jo apdures ayj syrodar a[qe) ST, :S9)0N

920 /80 L62°T £99°001 ueIpaA 8/°0 89°0 865 ZI1'S6 “doy “earoy
8/°0 €80 0LT'S €LT'6L1 ueap $8°0 18°0 8¢ ¥20°L1C uede(
600 ¥8°0 G09 8/€'/6 SayeIg pajIuN 640 960 0¥9'CT $/8'96S ATeyr
08°0 640 68%'C 68%'81¢C aurenyn €0'T 950 65T IETFL puepa1]
LLO 98T GL6'L Aaxym], YA 660 78 C6LTLI Are3unyg

88°0 G0 $00'S LLE0E -day eaorg YA 960 €62°C £25°09 erjeor)
LL0 060 6SS 898'6¢C RIUDAO[S $S°0 ¥£0 9TT 6£9'7C 929915)
¥9°0 16¢ 671 arodeduig 69°0 650 6SV'CT 114761 wop3ury] pajun

€60 640 he's 788'CTe uspams 18°0 960 185¥1 658’15/ aouel]
%20 290 8TH'C €808 ®eIq19S €60 €6'0 10€C TTT'901 pueruig
fetex) 98°0 00LF [FE61E erIRwIOy 0T Z80 ¥€0'6 6C1'61S uredg
€60 680 30T 194/21T eSnyog 120 960 LES°T ETLE eruo)sy
89°0 Z8°0 0849 ¥I¥'95 puejog 690 68°0 010°0T S6EFTT Aueurian
18°0 080 80/°€ 665'ST1 KemioN 18°0 980 £00°Z V'S8 orqndeay yoez)
0%°0 18°0 €91°Z 190°01 SpueIRIaN 120 260 T 025°0ZT erred[ng
€60 6%0 csy 2019 OO 040 160 909'¢ 29€'81 wni3pg
650 160 €601 /88'SY eraje] 09°0 80T 99/, erensny
€50 960 1€9 €LV erUeNII] €90 €80 02T 00£'ST ersny

pmoid JaO pmoId Jao
NULAdI [L30}  pue Yymoid s[e oNULAdI [0}  pue Yymoid
0] 9NUAAIL SINNO -uoneunnA 0] dNUAAIL SINNO sfeuoneUn[NIA
SINIO usaM}aq u8Iog SULIT] SINIO usaM}aq uSI0] SULIT]

Jo onyey UOT}R[a.LI0D) JO IaquInN JO IaquInN AnunoD Jo onyey UOT}R[aLI0D) JO IaquinpN JO IaquInN Anunon

sofsnye)s Arewrwuns pue opdureg :1 ayqer,



Figure 1: The importance of foreign multinationals
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Notes: This figure reports, for each country, the share of foreign multinational affiliates in total revenue
(light bars) and the total number of firms (dark bars).

Figure 1 shows the relative importance of foreign multinational affiliates in the coun-
tries in our sample for the average year. In the average country, about 7.5% of all firms
are affiliates of foreign multinationals, ranging from 0.1% in Japan to 29% in Australia.
Multinational affiliates tend to be larger than domestically-owned firms, so they com-
prise higher shares of total revenue, 29% on average. Once again there is a wide range,
from 2% for Japan to 64% for Ireland. Indeed, in a number of countries — Belgium, Nether-
lands, Singapore, Slovakia, Czech Republic, Austria and the UK — multinational affiliates
account for 40% or more of total sales in our data.

Appendix Figure A1l cross-checks the quality of our data on multinational revenue
shares. It compares the share foreign multinationals in total output in each destination
country in our data and in the aggregate data compiled by Alviarez (2013) from OECD
Statistics, EUROSTAT, and UNCTAD. The foreign multinationals” output shares are re-
markably similar in ORBIS and the Alviarez (2013) data, with the exception of some East-
ern European countries for which multinationals are underrepresented in ORBIS. In the
sample of 28 countries for which multinational shares are available in both datasets, the
average ORBIS shares are somewhat lower (mean of 0.28 in ORBIS vs. 0.36 in aggregate
data). To the extent that the overall multinational production shares are understated in

our data, our results on the aggregate importance of multinationals for business cycles



will be conservative.

Appendix Table A1l presents the matrix of bilateral multinational shares. It displays,
in percent, the share of aggregate revenue in the country in the row that is taken up by
the firms owned by the country in the column. Thus the diagonal terms correspond to
the share of aggregate revenue that is taken up by domestically-owned firms. The salient
feature of the table, important for the results below, is that bilateral multinational shares
are small. In the square matrix of 34 sources and destinations, the mean cross-border
revenue share is 0.7%, and the median is 0.025%. These low averages are driven partly
by the fact that many countries in the sample (such as the small peripheral European
countries) do not have many of their own multinationals. However, even in the G-7
economies, the average outward bilateral shares tend to be small. The largest source
country, the US, accounts on average for 5.5% of revenue in a foreign destination country,
followed by Germany (3.7%), the UK (2.9%), and France (2.3%). All of the other source
countries have average foreign shares of under 1.5%.

Finally, Appendix Table A2 presents the distribution of firms and of foreign multi-
nationals across 2-digit NACE sectors used in the empirical analysis below. The largest
sectors in our sample are wholesale and retail trade respectively. The last column of the
table shows that foreign multinationals represent an important share of revenues in vari-

ous sectors, both within manufacturing and services categories.

3 Empirical results

This section estimates how the growth rates of affiliates are related to the growth rates of
parents, both at the firm level and at the source-destination level. Throughout the analysis
below, we use growth rates and shares in the form suggested by Davis et al. (1996): for any
variable x; and time periods t and t — 1, the growth rate is defined as y;; = 2 <%)
That is, the denominator is the average of the beginning and end period levels, rather than
the beginning period level. Davis et al. (1996) recommend using this growth rate because
it has a number of attractive properties: it is bounded between —2 and 2, is symmetric
around zero, and lends itself to aggregation. If x; = } ;x;;, the aggregate growth of x;,

7Yt, can be written as the weighted sum of the disaggregated growth rates, v: = Y w7
Xj X1

Y (X +xj6-1)

growth rates between years t — 1 and ¢ are computed using only firms present in ORBIS

with weights that are defined as w;; = . All of the firm-level and aggregate

in both t — 1 and ¢, and thus capture intensive margin growth rates.®

8Because ORBIS does not cover the universe of firms in each country, it cannot be used to measure entry
and exit, since for newly observed firms we cannot distinguish between genuine entry and entry into the

10



3.1 Firm-level comovement

We begin by documenting comovement at the firm level between parents and affiliates.

In particular, we estimate the following specification:

Yin,t (f) = ¢7iz’,t (f) + ﬁinss’,t + €int (f) . (1)

Here 7, ; (f) is the sales growth rate of the firms in multinational group f from source
country i, operating in destination country n, ;;; (f) is the growth rate of multinational
group f’s parent firm in the source country i.” The specifications include source x des-
tination x affiliate sector x parent sector x year fixed effects ;s ;, that control for co-
movement arising from country-specific sectoral and aggregate trends. We run equation
(1) on the sample of firms that are foreign affiliates (so that the growth rate of the parent
vii¢ (f) exists), pooling observations across years. Standard errors are clustered at the
parent level.

Table 2 presents the results. It reports estimates of a simple bivariate regression with
no fixed effects, as well as with the fixed effects. The first panel of the table shows the
results for a sample consisting of all firms, while the next two panels focus on a sample
of firms in which both the parent and the affiliate are either in the manufacturing or in
the service sector. There is a strong positive and highly significant correlation between
affiliates and parents across all the specifications. Our benchmark estimate of ¢ using the
full sample and controlling for fixed effects is 0.227. The estimated correlation is larger for
firms in the manufacturing sector, although the last panel shows there is a strong positive
correlation for service sector firms as well.

3.1.1 Robustness

We now conduct a series of robustness checks. In particular, Appendix Tables A3-A6
evaluate whether our results are driven by vertical input linkages or spurious comove-
ment, whether the observed correlations result from shocks transmitted from the parent
to the affiliate or from the affiliate to the parent, and whether our results are robust to
alternative aggregation procedures.

ORBIS data collection. Using a Census of French firms in which entry and exit can be measured relatively
more accurately, di Giovanni et al. (2014) show that the extensive margin of entry and exit of firms is not
important in accounting for aggregate fluctuations.

9To compute the growth rate of the multinational group in a (source or destination) country, v, ; (f),
we aggregate the sales of all the firms belonging to multinational f that operate in the country in the two
consecutive years on which the growth rate is computed. This ensures that changes in the composition of
the multinational group (i.e. by the acquisition of a new firm in a particular destination) are not reflected in

11



Table 2: Affiliate-parent comovement

(1) (2) (3) (4) () (6)
All Manufacturing Services
¢ 0.278***  (0.228*** 0.402***  0.299*** 0.233**  (0.213***

(0.00524) (0.0117)  (0.0137) (0.0394)  (0.00628) (0.0131)

Obs. 181978 181978 19756 19756 105774 105774
N. mult. 18881 18881 2470 2470 12419 12419

R? 0.047 0.724 0.102 0.789 0.032 0.674

FE No Yes No Yes No Yes

Notes: Standard errors clustered at the parent level in parentheses. ***: significant at the 1% level. This
table presents the results of estimating equation (1). “FE” refers to source x destination x affiliate sector x
parent sector x year fixed effects. Sectors are defined at the 2 digit level of the NACE classification.

Vertical input linkages Table A3 evaluates, in different ways, whether the results are
driven by input linkages. To determine whether the estimated coefficients are driven
exclusively by input-output linkages, in Table 2 we already restricted attention to parent-
affiliate pairs that operate in the service sector. However, it could be that many firms
in the service sector sample in fact have manufacturing facilities. Column 1 in Table A3
reports the results of restricting the sample to cases in which both the parent firm(s) and
all the affiliates are in the service sector, and are both in the same sector (thus ruling out
manufacturing affiliates on both sides of the border). Columns 2 and 3 present the results
excluding firms whose primary activity is listed as wholesale and retail trade respectively.
These specifications verify that our results are not driven by firms that may be simply re-
selling the output of their foreign counterparts. Columns 4-6 and 7-9 repeat the baseline
tixed effects regression, but using value added and employment rather than sales data to
calculate the growth rates in equation (1). Value added information is only available for
less than half of the observations in the sample, while employment is available for about
two thirds of the observations in our sample. There is a strong positive correlation both
in the value added growth and in the employment growth of parents and affiliates. This
robustness check rules out a mechanical relationship that can occur with sales, when the
parent sells some products to the affiliate, and the affiliate resells them in the local market.

Alternative sources of comovement Table A4 investigates alternative mechanisms that
can induce correlation between affiliate and parent sales growth. First, we check whether

comovement in sales growth is driven mainly by multinational firms shifting profits

the growth rate.
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across markets for tax purposes. Column 1 evaluates this hypothesis by repeating our
baseline estimation excluding the two countries typically associated with tax sheltering
behavior: Ireland and the Netherlands. The table shows that the result is unchanged
when excluding these countries. Next, we check whether comovement in sales growth is
a special consequence of the 2008 financial crisis. Column 2 shows that the estimates are
similar when restricting the sample to non-crisis years. Columns 3 and 4 evaluate if the
correlations between affiliate and parent sales growth are driven by aggregate trends that
are not accounted for the fixed effects used in the baseline. Column 3 shows that we ob-
tain a similar coefficient if the fixed effects are at the 4-digit (as opposed to 2-digit) level.
Column 4 estimates a placebo regression in which we link affiliates to random parents (as
opposed to linking them to the affiliates’ true parents). In particular, we link affiliates to
firms that are parents from the same source country and that operate in the same sector
as the true parent of the affiliate. The coefficient falls to zero and becomes insignificant.'"
Finally, it may be that the transmission of shocks is only confined to high-income desti-
nation countries. For instance, this could be because multinationals are more reluctant to
transfer technology to countries with weaker intellectual property rights (Javorcik, 2004a;
Branstetter et al., 2006). Column 5 includes an interaction between the regressor of inter-
est and a dummy variable indicating whether the destination country is a high-income
country, to evaluate the extent to which the correlation arises exclusively between parents
and affiliates operating in high-income countries. The table shows that there is a strongly
significant, although lower, positive correlation between parents and affiliates even when

affiliates are not in high-income countries.

Direction of shock transmission An important question is whether it is possible to es-
tablish that the observed correlation between firms of the same multinational group is
driven by shocks that are transmitted from the parent to the affiliates. We address this
question by evaluating whether shocks are transmitted from the large to the small firms
in the multinational group, irrespective of whether the large firms are the parent or one
of the affiliates in the group. With this in mind, we reestimate a version of equation (1)
in which, instead having the growth of the parent as the independent variable and the
growth of the affiliate as the dependent variable, we use the growth of whichever firm is
larger as the independent variable. Appendix Table A5 reports the estimates of ¢ in this
model for different samples of firms. The first two columns show that when the affiliate

19%We implemented several different placebo specifications in which firms are shuffled randomly within
different size bins, from pure random shuffling across the entire sample to a shuffling of firms within the
same source-destination-sector pair (reported). In all the placebo experiments the coefficients were close to
zero and insignificant.
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is smaller than the parent there is a positive correlation between parents and affiliates,
if anything the estimated ¢’s tend to get larger as the affiliate gets relatively smaller. In
contrast, the last two columns show that in cases where the parent is smaller than the
affiliate there is no significant correlation between the firms. Our interpretation of these
results is that the data reject the notion that the shocks are transmitted from the largest to
the smallest firm in the group, since this seems to hold only in cases in which the large

party is also the parent.

Alternative aggregation methods All of the above results were on the combined sales
of the parent and affiliates in each country. That is, the parent observation was the growth
rate of the combined sales of all the firms that the parent owns in the home country, and
the affiliate observation was the combined sales of all the firms that the parent owns in
a particular destination country. To establish that the results are not driven by this ap-
proach, Table A6 repeats the exercise on individual firms, rather than combined sales. In
this specification, domestic affiliates of the parent firm are also included in the sample.!!
Column 1 shows the estimates based on the entire sample, column 2 for manufacturing,
and column 3 for services. The last six columns estimate the relationship using value
added and employment data, respectively. Throughout, we continue to find a strong
positive and significant correlation between affiliates” and parents” growth.

We prefer the specifications that aggregate affiliate sales of the same firm in each coun-
try for two reasons. First, the source country shock need not originate in the headquarter
firm only: some shocks may be transmitted directly from the source country affiliates to
the destination country affiliates. Combining all the affiliates of a given firm in the source
country yields a composite of all the shocks affecting the home operations of a multina-
tional. Second, combining the sales of firms in each country averages out some of the
noise in the sales growth data, especially in cases with small constituent firms.

Finally, the finding of strong positive comovement between parent and affiliate growth
is robust to a variety of additional checks: estimation year-by-year instead of pooling
years, including and excluding domestic affiliates, excluding parent-affiliate pairs in which
the parent operates in the financial sector, and different configurations of fixed effects. We
do not report those robustness checks to conserve space, but they are available upon re-
quest.

We checked whether the coefficient of interest is different between the parent and a domestic affiliate
compared to a foreign affiliate. There was no economically meaningful or statistically significant difference.
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3.2 Bilateral comovement

The estimates from the previous section show that units of the same firm comove together
at the business cycle frequency. However, precisely because they are obtained after par-
tialing out detailed aggregate trends, they may not capture transmission of shocks that are
common across parent firms in the source country. We would like to establish that there
is a common component to the combined overall sales of multinationals from a particular
country. We thus estimate the contribution of source- and destination-specific shocks to
the variation in the bilateral growth rates:

Ying = Sit + dnt+ Ain (2)

Equation (2) writes the growth rate 7;,; of total sales of firms owned by country i
operating in country #n (e.g., the growth rate of the total sales of all i =US multinationals
operating in n =UK) as a sum of the source effect s;; common to all firms owned by i
worldwide, the destination effect d,,; common to all firms from all countries selling in
market 7, and an idiosyncratic term a;,, ;. This decomposition of a cross-section of data
into different types of shocks draws on a standard approach in macroeconomics (see, e.g.,
Stockman, 1988, and the literature that followed), but to our knowledge has never been
applied to foreign multinational operations to establish the existence of a source country
shock.!?

The empirical model (2) is estimated by regressing observed growth rates 7;,; on
source and destination fixed effects (when carried out year-by-year), or source-year and
destination-year effects (when carried out in a pooled sample of years). The regression
for the pooled sample of years also includes non-time-varying source-destination fixed ef-
fects. There is a large amount of variation in the size of source-destination pairs. Smaller
in pairs tend to have fewer firms and thus tend to be more volatile. To account for this
fact, we employ a Generalized Least Squares estimation in which the observations are

weighted by the inverse of the Herfindahl index of firm-level sales shares in an in pair.'

12Note that while our sample is comprised by 34 destination countries, every country in the world is a
potential source. In this section and in the remainder of the paper, we include all countries (and not just
the ones in our sample) as sources. We estimate source country dummies for the 34 countries in our sample
and for the following countries that are relatively important as sources for multinational firms: Canada,
China, Switzerland, Russia, Brazil, UAE, Bahamas, Luxembourg, the Philippines, Cyprus, South Africa,
and Bosnia-Herzegovina. The remaining countries in the world are lumped into a “rest of the world”
category.

13Let the variance of the residual of an individual firm’s growth rate be ¢?(f), and let @;, ; (f) be the
share of firm f in the total sales of firms from source i in destination . Assuming that ¢’?( f) does not differ
by firm, the variance of the residual of the source-destination level observation is equal to Var(a;,;) =
*(f) Lreqy, @i (f) = 0*(f)Her fiy 1, where O, is the set of firms from i selling in 1. The GLS estimator
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Table 3: Importance of source and destination effects

@ () ©) (4) (5) (6)
Source Destination
Part. R* F-stat. p-val.  Part. R F-stat p-val.

2005 0.09 2.02  0.000 0.14 4.83 0.000
2006 0.08 2.02  0.000 0.14 499  0.000
2007 0.06 1.55 0.012 0.14 516  0.000
2008 0.15 4.09  0.000 0.24 10.29  0.000
2009 0.08 2.20  0.000 0.19 7.62  0.000
2010 0.12 341 0.000 0.23 991 0.000
2011 0.10 270  0.000 0.19 7.52  0.000
2012 0.09 2.36  0.000 0.23 8.96  0.000
Mean 0.10 2.54  0.002 0.19 741  0.000
Median 0.09 2.28  0.000 0.19 7.57  0.000
Pooled 0.10 6.82  0.000 0.17 8.40  0.000

Notes: This table reports the results of estimating equation (2). The first column reports the partial R?
associated with the source and destination effects. The second column reports the F-statistic associated
with the hypothesis that all of the source/destination effects are zero, and the third column reports the
p-value associated with that hypothesis test. The results are reported year-by-year as well as pooled across
years. The pooled estimation uses source-year and destination-year effects.

This approach underscores the usefulness of firm-level data even for the estimation of
source- or destination-level outcomes, as firm-level information helps capture the het-
eroskedasticity in the source-destination data.

Table 3 reports the results. Source effects account for about 10% of the variation in
the cross-section of source-destination growth rates, compared to 19% for the destination
shocks. The table reports the F-statistics and p-values associated with the hypothesis that
the source effects as a group are zero. The source effects are jointly highly significant in
accounting for the variation in the data.

4 A structural framework for interpreting the data

The preceding empirical results underscore two key features of the data. First, there is
significant comovement between multinational parents and their foreign affiliates. This

comovement is detectable in overall source-destination sales. Second, there is a large

weights the observations by the inverse of the variance of the error term, which in this case is proportional
to the Herfindahl index of firm sales shares.
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amount of heterogeneity across sources, destinations, and country pairs in the extent of
multinational presence. This suggests that the impact of multinational firms on business
cycle comovement may differ significantly across country pairs. These two features of
the data inform the design of the quantitative multi-country model that we use to study
the implications of the empirical findings for aggregate cross-country comovement. After
setting up the theoretical framework, we circle back to the empirical results in Section 3
and interpret them through the lens of the model.

41 Model

Preliminaries The world economy consists of multiple countries indexed by i and .
Each country is populated by differentiated intermediate good producers potentially owned
by firms from different countries. The output of the intermediate producers cannot be
traded internationally. In each country, intermediates are aggregated into a final good
by competitive final goods producers. We assume that the final good is homogeneous
across countries and can be freely traded.!* The final good is the numeraire of the world
economy and its price is set to one. We focus on the model’s predictions for productivity
and aggregate output. As discussed below, these assumptions coupled with a standard
functional form for agent preferences imply that production allocations are independent

of the international asset market structure.

Technologies and market structure The production function of the final good in each

country 7 is given by:

Qn,t =

1 p=1|p-1
Z Afn,t inp,t ’ (3)
i

where Q;,, ; is a bundle of the output produced by firms from source country i that op-
erate in country 7, and p denotes the elasticity of substitution across goods produced by
firms from different source countries. Ain,t is a source-destination specific productivity
parameter, normalized such that ) ; gin,t = 1 for each n. Thus, the production function
is an Armington aggregator of goods produced by firms owned by various countries, in-
cluding domestically owned and operated firms. As will become clear below, the gin,t

parameters allow us to match the full distribution of multinational production shares

4The assumption that the final good is homogeneous is not crucial for the results that follow. Appendix
B derives the equations under the assumption that country-specific goods are imperfect substitutes, so that
there are terms of trade movements in response to productivity shocks.
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in the cross-section of source and destination countries without modeling explicitly the
determinants of multinational production locations. In addition, changes in ANin,t at the
business cycle frequency allow us to accommodate source-destination specific idiosyn-
cratic shocks.

In turn, the intermediate output bundle Q;,, ; aggregates the output of all the firms

from source country i operating in n:

[

Qint = [Z Qinyt (f )T] - (4)

feqy

where (); is the set of firms from country i and Qj, (f) is the output of firm f from
country i in the destination country 7.

As in Melitz (2003), firms are monopolistically competitive and differ in productivity.
Each firm operates a linear technology that uses labor in the destination country as the
only input in production. Following the literature on multinational production and tech-
nology transfers, we assume that the multinational’s technology can be partially shared
across all destination countries.’ In particular, the output of the firm is given by:

Qint (F) = Zint () Lint (f) = Z8, (F) Zut " () Lins (), ()

where L;, ; (f) is the firm-specific labor input, and Z;, ; (f) is a firm-destination specific
productivity component.

The second equality in (5) states the key assumption in our framework. Productivity
of an affiliate of firm f selling in n and whose parent is from i is a Cobb-Douglas ag-
gregate of the parent’s productivity Z; ; (f) and a local productivity component Z,, ;(f).1°
The parent thus transfers productivity to the affiliate, with the share ¢ of the affiliate’s
productivity coming from the parent. This is the only potential endogenous source of
aggregate comovement in the model. It is worth noting that, while formally technology
transfers are the drivers of comovement between parent and affiliate firms, our model is
isomorphic to a setup in which comovement is driven by shocks to demand for the firms’
product. In this alternative setup, the term Z;, ; (f) would come out of equation (5), and
demand shifters for the firm’s product would enter as Z;,, ; (f )fl’ in equation (4). In addi-

tion, our setup can be reinterpreted in a version of the model in which the transmission

15See for example McGrattan and Prescott (2009, 2010), Ramondo and Rappoport (2010), Keller and
Yeaple (2013), Ramondo (2014), Antras and Yeaple (2014).

16The assumption that the productivity in the source and destination are combined by a Cobb-Douglas
aggregator is not crucial. Appendix B derives the equations under CES aggregation of productivities, and
shows they are the same to a first-order approximation.
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of shocks is driven by cross-border intermediate input linkages, as in e.g. Irarrazabal et
al. (2013). Appendix B.3 presents this alternative model.'”
Finally, we assume that the source component of the firm productivity is given by

Zit(f) = ZiyZiy (f), where Z;; is common to all firms from source i and Z;; (f) is

idiosyncratic to firm f. We make the same assumption for the destination component

Zn,t (f) = ZntZnt (f) :

Preferences Consumers in country n experience utility from consumption of the final
good and disutility from supplying labor according to the GHH preferences (Greenwood
et al., 1988):

u (Cn,t/ Ln,t) = Zétv (Cn,t — lp—_OLZ/t> ,
. ¥
where C,,; is consumption, L, the labor supply, and the function v is increasing and

concave.

Equilibrium Let W, ; denote the wage earned by labor in 1, and P;, ;(f) denote the price
charged by firm f from country i operating in n. A monopolistically competitive equilibrium
attime f is a set of prices {Wn,t, {Pint(f) f}n and resource allocations {Cn,t, Lo, {Lins(f)}; f}n
such that (i) consumers maximize utility; (ii) firms maximize profits, and (iii) all goods
and factor markets clear.

Profit maximization implies a constant markup over marginal cost:

1Y Wn,t
P; = ——". 6
) = 170, () ©
The demand for firm’s f product is given by:
Pt ()
Qint (f) = —2=Qins ?)
P in,t

7The production function can be easily generalized to a case in which firms use local interme-
diate inputs to produce. In particular, if the firms’ production function is given by Qj,;(f) =
(Zint (f) Ling ()] Xiln*t"‘ (f), where X;,; (f) is an input produced with the final good (3), the results be-
low go through withé — 1 replaced by « (p — 1) in equations (15), (16), (19) and (20).
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where the price index of the country i product aggregate is

1

1 e
znt - [ Pm tp ] : (8)
feq;

Cost minimization by final good producers implies:

Ain, Pi;P
Quny =it Q,, ©)
n,t
where
1
T
EAm,th,f] =1 (10)
i

is the aggregate price index in country n. The second equality follows from the choice of
the numeraire.

Utility maximization implies the following labor supply:
1
Lt = Wi (11)

As is well known, under GHH preferences the labor supply is independent of wealth
effects. We exploit this property to derive predictions for output that are independent of
the international asset market structure.'®

Combining equations (6) and (8) we can write the real wage as:

1
o—1

Wn,t Z Z Am tzmt ’ (12)

i feQy

where (); is the set of firms that are active in country i. Profit maximization implies that

aggregate revenues are proportional to total labor payments:

Z Pm tQm t — Qn t — 0 i 1 Wn,th,t/ (13)

18The assumption of GHH preferences makes the model highly tractable. Some of the quantitative results
do not rely on this assumption, conditional on the parameter ¢. We discuss how this assumption affects the
results in the following section.
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which in combination with (11) and (12) permits expressing the aggregate output as:

¥

o—1

Qn,t = Zgin,tzin,t (f)p_l] (14)

where ¢ = l[_Ji;l > 1.
Let lower-case variables denote growth rates of the corresponding upper-case vari-
ables. Equation (14) implies that aggregate growth in country # is given by:

T =0 L L s (1) |2 4z ()] (15

i fEQi
where wj, ¢ (f) = %8;”:(][) denotes the share of country n’s revenues generated by firm
f from source country i.!” Using the functional form for zint (f), equation (15) becomes
v

Tt = o—1 Zwin,t [ins + ¢ (0— 1) zig] + P (1 — ) zus, (16)

Pyt Qi .
where w;, ; = %81”; denotes the share of country n’s revenues generated by firms from
4 n, n,

source country i, and the bilateral term encompasses the idiosyncratic terms specific to
the country pair: a;,t = (0 — 1) Lreq, w’(f]’—;({) [% + ¢zt (f)+ (1 — @) zur (f)]

Discussion Equation (16) encapsulates the role of multinationals in business cycle co-
movement. It states that growth in country n depends on its own productivity shock,
zn,t, and a weighted average of the productivity shocks z; ; to all countries that have firms
operating in country n. Because foreign multinational affiliates inherit part of the shock

to the parent z;;, their presence implies that productivity and output of countries will be

9Note that this theoretical measure is consistent with the way real GDP growth is computed by national
statistical agencies. In particular, real GDP is calculated as the deflated value of final sales. In our model,
the final good Q,,; is tradeable across countries, so it is natural to think that the sales and price of the final
good are directly observable by the statistical agency. In this case, real GDP would be measured as:

RGDP,; = Pn,th,t/PtI,g(fl‘

where the price index is given by Ptlf_l = Pyt/Pys—1. Given our choice of the numeraire, the growth of
real GDP is given by 1, ;. Aggregate productivity is measured as RGDP;;/ Ly, so measured productivity
growth is given by %’yn,t. If by contrast the price of the final good Qj is not directly observable by the
statistical agency, the growth rate of measured real GDP is still ¥, to a first-order approximation, as long
as the price changes measured by statistical agencies reflect changes in &, ;. See Burstein and Cravino (2015)
for a detailed discussion of how to compute aggregate measures of economic activity in heterogeneous-firm
models.
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positively correlated even if the primitive productivity shocks z;  are not. This equation
connects our framework to the international business cycle literature in the tradition of
Backus et al. (1995, henceforth BKK). The canonical BKK model has no multinationals,
but it typically must assume that TFP shocks across countries are correlated. Equation
(16) provides a possible micro foundation for this correlation.

The equation illuminates the key parameters and quantities that determine the strength
of the shock transmission through multinationals. The first is the share of the affiliate pro-
ductivity shock that originates in the source country, ¢. The more foreign affiliates inherit
the source country productivity, the more comovement there will be in the aggregate.
The second is the multinational shares, w;,;. Larger shares will imply more comove-
ment, since more of the shocks are shared. Finally, the combination of parameters p%l
captures the strength of general equilibrium effects that occur in response to a particular
productivity shock z; ;. It regulates how the rest of the economy responds to a shock in a
particular country.

Note that output in the model is determined independently of the structure of in-
ternational asset markets and of how multinational firms’ profits are distributed across
countries. While these factors will determine how countries split the consumption of
the final good, under GHH preferences the labor supply is independent of the level of
consumption. As long as firms maximize profits, output growth is solely determined by
productivity growth in each country. In this sense, our model is closely related to a stan-
dard international business cycle model with one good and no capital. The assumption
of a homogeneous final good thus allows us to isolate the comovement arising from the
transmission of shocks within multinational firms, while abstracting from the transmis-
sion arising from factor supply and relative price movements that are emphasized in the
international business cycle literature.

We now interpret the empirical results from Section 3 in light of this conceptual frame-
work, and use these results to disentangle the different shocks and discipline the model.

4.2 Interpreting affiliate-parent comovement

The empirical results in Section 3.1 can be given a structural interpretation and used to
estimate the share of the firm’s technology that gets transferred across destinations, ¢.
Using equations (6) and (7) and the functional form for Z;, ;(f) , the growth rate of firm

f’s sales in destination n can be written as:

Yint (f) = Ging + (0 = 1) ¢zi (f) + (0 = 1) (1 = @) zus () - (17)
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where d;, s = (1 — p) [wnt — ¢zit — (1 — @) znt] + PPint + Gint- The growth rate of the firm

in its home country is:

Yiig (f) = @iip+ (00— 1)z (f). (18)

Substituting we obtain:

Ying (f) = Aing + Yiip (f) + €ine (f), (19)

where @iyt = @jnt — i and € (f) = (0 — 1) (1= @) znt (f).

Equation (19) states that, after controlling for source-destination-year effects, the coef-
ficient on the parent’s growth rate can be interpreted as ¢. Hence, the empirical results in
Table 2 imply that the share of a firm’s productivity that is transferred across countries is
approximately 20% (¢ ~ 0.2).

Econometrically, an identifying assumption required for the structural interpretation
of the regression coefficients is that the idiosyncratic component of the destination-specific
shock z,; (f) is orthogonal to the idiosyncratic component of the source shock z;; (f).
Substantively, however, this orthogonality assumption is without loss of generality, as the
technology transfer coefficient can simply be reinterpreted as technology transfer-cum-
shock correlation, in which case the destination-specific shock becomes orthogonalized
with respect to the source-specific shock.?’

Note that (19) can be thought of as a purely cross-sectional specification, in spite of
the variables being indexed by t. Indeed, as mentioned in Section 3.1, the empirical re-
sults are unchanged when we estimate the specification separately for each year. Under
the assumption that affiliate productivity is a function of only the contemporaneous (and
not lagged) parent’s productivity, (19) is the correct specification even if there is time de-
pendence in the underlying productivity shocks z, (f) and z;; (f). Indeed, since the
idiosyncratic component of the destination-specific productivity z,:(f) is part of the er-
ror term, time dependence in it does not bias coefficient estimates, and clustering at the

parent level adjusts for the autocorrelated error structure.?!

D1f z; 4(f) and z, ¢ (f) are correlated, orthogonalize the destination shock with respect to the source shock:
Znt(f) = Bo+ Bzit(f) + (1 — B)ent(f), where €,4(f) is orthogonal to z;;(f). The growth rate of the affili-
ate in (17) is then viu ¢ (f) = ine + (0 — 1) Pzi (f) + (0 — 1) (1 = ) €nt (f), with ¢ = (¢ + (1 — ¢)p). The
assumption of an orthogonal error term in the estimating equation (19) is satisfied, and the regression co-
efficient is now an estimate of ¢, interpreted as the combination of technology transfer and the underlying
exogenous correlation between the shocks of the affiliate to those of the parents, which is what will ulti-
mately matter for the aggregate comovement in this model. The common components z;; and z; can be
correlated as they are absorbed by the fixed effect in the estimation in Section 3.1.

2lTrarrazabal et al. (2013) estimate the share of inputs imported from the parent in total costs of foreign
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4.3 Interpreting source- and destination-specific shocks

We now use the model’s implications for aggregate source-destination growth rates 7, ;
to interpret the empirical results in Section 3.2. Combining expressions (6), (9), (10), and
(14) we can write the total revenues by multinationals from source country i operating in

country n as:

Py tQing = AintSitDugt,

-1) . . .
where S;; = Z;Pt(p ) is a term common to all firms from source country i,

—p+1
Dyt = [Zi Ain,tZ:P t(p_l)} et Z;P,(tl_q’) is a term common to all firms operating in des-

n,t

~ _ o—1
tination country n, and Aj,; = At Lreq, [th (f )Z(1 2 (f )} . Expressed in growth
rates, this becomes:

Yintg = Sit+dui+apms, (20)

which is identical to the decomposition (2) estimated in Section 3.2, and, as above, a;, ; =
(0= 1) Tpen, “2L |22 + ¢z (F) + (1= ) 20t ()]

Equation (20) provides a structural interpretation for the source and destination dum-
mies estimated in Section 3.2. The fact that a significant fraction of the variation of the
bilateral growth rates is accounted for by the source dummies, as reported in Table 3,
implies a role for the transmission of technology from the source country, ¢ > 0.

4.4 Calibrating the comovement parameter with source-destination data

We now use these structural equations together with the estimates for the source- and
destination-specific shocks to pin down the technology transfer parameter ¢. In particu-

lar, the model structure implies the destination components have the form:

dnt

’

[p% — :| Zwin’t [ain,t + Si,t] + f% 1 g_b q‘)Sn,t' (21)

Foreign productivity shocks z;; affect the destination effect in country n through two
different channels. On the one hand, these changes affect competitiveness in country n

affiliates of Norwegian multinationals, and find that it is quite high (0.9). Though not the same object, it
can be interpreted as related to our ¢ parameter. Our approach identifies ¢ from the comovement in sales
between parents and affiliates, while Irarrazabal et al. (2013) rely instead on the elasticity of affiliate sales to
distance. A higher value of ¢ would lead to an even greater importance of multinationals in business cycle
transmission.
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through [Zi in, tZ(P(p 1)} (i.e. in response to an increase in Z;;, firms from all other
source countries i” will sell less in country n due to increased competition). On the other

hand, these shocks affect the real wage (and real aggregate output) in country i through

[Zl in, tZ(P - 1)] = (i.e. in response to an increase in Z;;, aggregate demand in country n
will increase, increasing the sales of all firms operating in country ). In the caseof p — 1 =
1 these two effects exactly offset each other, and the destination effect is independent of
changes in foreign technologies.

Rearranging (21), taking variances of both sides, and solving for ¢ yields an estimate

of ¢ based on observed variabilities of the source and destination effects:

p = — = (22)

Ost+ 0ot

2
= N—T Ln <sn,t — % Yo sm,t> is the cross-sectional variance of s, ; at time ¢, and

2
1 1— 1—
(Té,t = ﬁ Yo [T (d,t — lp;r_lp Yo Wint [Aint + Si,t]) =% Em ( mt — 1#: £y Wi ¢ [Aim p + Si t])]

is the variance of the destination effect adjusted for the general equilibrium impact of for-

eign shocks. Note that in the special caseof p —1 = ¢, O’élt = 0’§/t = ﬁ Yo (dn,t — %] Yo dm,t)z
is simply the cross-sectional variance of the destination effects at time ¢.

Equations (21) and (22) use the model structure to connect observables —s; ;, d;; +, and
aj, + estimated in Section 3.2 — to the two key model parameters, ¢/ (p — 1) and ¢. For
each value of ¢/ (p — 1) we can thus use (21) and (22) and the estimated s;;, dj, +, and a;, ;
to pin down ¢.

The basic intuition for this approach can be gleaned from (22) and the fact that the
source effect is a scaled productivity shock: s,; = ¢ (0 —1)zns. Ignoring the general
equilibrium effects, (22) says that ¢ determines the relative variances of the estimated
source and destination effects. In the world of no spillovers from source countries (¢ = 0),
shocks to the source country do not affect bilateral growth rates, so that the variance of
the source effects is zero. By contrast, high ¢ would manifest itself in a high variability
of the source effects. The variance of the source effects is benchmarked by the variance of
the destination effects, since those are driven by the same productivity shock process as
the source effects, but affect all the firms operating in each market.

Table 4 presents the implied ¢ for different values of p% We focus on the special case
of [% = 1, in which the general equilibrium effects cancel out, and the alternative cases
of ;%1 = 2 (the effect of a positive foreign shocks on domestic income dominates the

effects on increased competition) and p% = 2/3 (the increase in competition dominates
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Table 4: Estimated ¢ based on source-destination data

Year {% =1 plpj =2 (% = %
2005 0.470 0.552 0.375
2006 0.449 0.531 0.373
2007 0.390 0.472 0.319
2008 0.373 0.482 0.286
2009 0.395 0.532 0.294
2010 0.400 0.518 0.308
2011 0.379 0.491 0.289
2012 0.357 0.444 0.289
Mean 0.401 0.503 0.317
Median 0.392 0.505 0.301

Notes: This table reports estimates of ¢ using bilateral data following equation (22). Each column represents
the estimate under an alternative value of the GE parameter =

-1
the effect of increased income).?? The estimates of ¢ range from 0.3 to 0.5, with a central
tendency of about 0.4. This is higher than, but not too dissimilar from, the firm-level
estimates in Section 4.2.

What are the relative merits of the firm-level based estimates of ¢ from Section 4.2
compared to the source-destination level estimates in this section? The firm-level esti-
mates use stringent fixed effects, and thus represent the most convincing evidence that
the correlation between parents and affiliates captures within-firm transmission of shocks
rather than simply common shocks across countries and/or sectors. On the other hand,
precisely because it nets out common shocks at the source-sector-destination-sector-year
level, the firm-level estimation will omit the within-firm transmission of aggregate shocks.
A shock that hits all the firms in the Chemicals sector in France may be transmitted from
the French parent operating in the Chemicals sector to its subsidiaries in Spain. But the
tixed effects in the firm-level specification net out the aggregate/sectoral shocks, and thus
identify only the transmission of the idiosyncratic shock hitting the French Chemicals
parent. The firm-level estimate will shed light on this channel to the extent that common

shocks are transmitted with the same intensity as purely idiosyncratic shocks. Alterna-

22The special case of i = p — 1 is consistent with empirical estimates of the Frisch elasticity of labor sup-
ply and the elasticities of substitution across intermediate varieties used in the trade literature. In particular,
estimates of the aggregate labor supply elasticity put it at about 0.5 (see Chetty et al., 2013), which implies
ap = 3 and ¢ = 1.5. This implies that p = 2.5 — well within the range of estimates in Broda and Weinstein

(2006) — is consistent with p% = 1. Under an aggregate labor supply elasticity of about 0.5, p% = 2 (resp.,

%) implies an elasticity of substitution of p = % (resp., 3.25).
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tively, one can focus on the source-destination level estimates, since the source and des-
tination effects will capture not only the transmission of firm-level, but also of aggregate

shocks in the parent country to the foreign destinations.

5 Quantitative results

We now have the theoretical structure, the estimates of the key parameter, and the data
to carry out a quantitative assessment of multinationals’ role in the international business
cycle transmission. This section performs three exercises. The first is an “impulse re-
sponse” exercise designed to answer the question, how much does a productivity shock
in one country affect output in another? The second is a counterfactual correlation exer-
cise, that answers the question, if all the countries” productivity shocks were uncorrelated,
how much correlation would the business cycles exhibit across countries under the cur-
rent levels of multinational activity? And third, how much do multinationals contribute
to observed dispersion in cross-country growth rates, and how much would that disper-
sion fall if integration increased further? The exercises in the next two subsections do not

require time subscripts, and thus we suppress them to streamline notation.

5.1 Transmission of shocks across countries

We start by assessing the total impact of all foreign productivity shocks on a country’s
productivity. One way to gauge the importance of all foreign shocks combined is to con-
sider the impact of a 1% change in all foreign productivities simultaneously. The change

in destination n’s productivity in this experiment is given by

$(1 — wnn).

This expression has a clear and intuitive interpretation. The combined importance of
foreign shocks in country n is the product of the total presence of multinationals, 1 —
wnn, and the strength of the productivity transmission from foreign parents to the local
affiliates, ¢.

The top row of Table 5 and Figure 2 report the results, under the assumption that
¢ = 0.4. In our sample of 34 countries, the mean value of this combination of parameters
is 0.12, with the median of 0.11. This suggests that loosely speaking, foreign shocks can
account for 12% of productivity shocks in the average country, or alternatively, foreign

shocks are about one-ninth as important as domestic productivity shocks. Foreign shocks
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Table 5: Impulse responses for top source countries and the world

Destination
All High-Income Emerging High-Income Emerging
Source Countries Europe Europe ROW ROW
World 0.121 0.140 0.073 0.126 0.078
United States 0.022 0.036 0.009 0.018 0.019
Germany 0.013 0.013 0.019 0.003 0.005
United Kingdom 0.013 0.019 0.006 0.017 0.004
France 0.009 0.013 0.009 0.002 0.003

Notes: This table reports averages of the impulse responses (24) in the entire sample of countries and 4
regions for the top 4 most important source countries, and the average impulse responses to a world shock.

are most important on average in the high-income countries in Europe (14%) and outside
(12.6%), and less important in emerging markets.”> In some countries foreign shocks are
more significant. At the extreme, the value of this combination of parameters is 0.35 in
Ireland, 0.25 in the Netherlands, and 0.22 in Slovakia.

We next evaluate how productivity shocks to any individual source country spread
internationally. From (16), the response of output in n to a productivity shock in any
source country i is given by:

0 _ . T
5z, = Ylwnp+ Q-9 T, (23)

where II;_,, is an indicator function that equals 1 if i = n and 0 otherwise. We can express

the response in country # as a fraction of the effect of the shock in the source country i as:

ovn 0 Win :
azi/a_zi  wip+(1-9) nE 29

Equation (24) answers the question, how much does aggregate output growth in coun-
try n change when output in country i goes up by 1? It is immediate that the answer de-
pends on two key quantities: the magnitude of the spillover ¢, and the extent of country

i’s multinational presence in n, w;,,. If either of these is large, there will be more inter-

23Country groups are defined as follows. High-Income Europe: Austria, Belgium, Germany, Spain, Fin-
land, France, UK, Greece, Ireland, Italy, Netherlands, Norway, Portugal, Sweden; Emerging Europe: Bul-
garia, Czech Republic, Estonia, Croatia, Hungary, Lithuania, Latvia, Poland, Romania, Serbia, Slovenia,
Slovakia, Ukraine; High-Income Rest of the World (ROW): Australia, Japan, South Korea, Singapore, USA;
Emerging ROW: Mexico, Turkey.
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Figure 2: Response (in %) to a 1% shock in all foreign countries simultaneously
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Notes: This figure displays the change in productivity in each destination that accompanies a change in
productivity in every foreign source country (i.e. i # n) equal to 1.
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dependence between i and 7. In contrast, note that given these parameters, the impulse
response does not depend on the value of the general equilibrium parameter F%' There is
no simulation required to compute these impulse responses. Instead, they are computed
directly from the data on wj, and estimated ¢. Since there are 34 countries in the sample,
there are 34 x33 cross-border impulse responses.

Figure 3 shows the impulse responses to source-specific shocks for all possible country
pairs. We use ¢ = 0.4 and w;,,’s for 2011 to construct the figure. Each square in the figure
represents the impulse response in destination 7 to a productivity shock in source country
i, z;, relative to the response in the source country, as in (24). We can interpret each square
of the figure as the percent change in country n GDP in response to a shock that increases
GDP in country i by one percent. We rank countries on the x- and y-axes according to
their importance as a source or as a destination, respectively. We omit the ii entries (they
are all tautologically 1) to facilitate the presentation.

The figure shows that shocks to the productivity of most source countries do not have
big aggregate consequence in most destinations. This reflects the fact that the bilateral
shares wj, in equation (24) are small for most country pairs. In more than half of all
source-destination pairs, the impact is exactly zero, reflecting the absence of multination-
als from most sources in most destinations. Among the nonzero pairs, the mean and me-
dian impact is about 0.006, that is, an increase in a source country output of 1% changes
foreign output by less than one-hundredth of that amount. However, this low amount
of transmission is in part a consequence of the fact that most countries are not quantita-
tively important sources of multinationals. Table 5 reports the average impulse responses
to shocks in the top 4 most important source countries: the US, Germany, the UK, and
France. In the entire sample, the average outward impact of these 4 countries ranges
from just under 1 to over 2 percent. The next four columns report averages by destination
country regions. There is some heterogeneity in the regional impact: the shock to the US
affects most strongly high-income Europe, a 3.6% average impulse response. By contrast,
a shock to Germany has the largest effect in emerging Europe, 1.9%. In total, 16 country
pairs have impulse response coefficients of above 0.03, with the maximum coefficient of
0.17 between US and Ireland.

5.2 Country-pair growth correlations and multinational shares

This section derives how much comovement in aggregate output would be generated by
the presence of multinationals in a world where the only shocks are shocks to country-

level productivities z;. Consider a setting in which country productivity shocks have
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Figure 3: Response (in %) to a source shock that raises source country output by 1%
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variance o2 and covariance 0, 7, common across z and z’. Under these conditions, the

covariance between countries # and 7’ is:

2
cov (Yn, Ynr) = L%} 022 [[‘P (1= ¢) [wpry + W] + 472 Zwinwin’] (25)

+ Oz [¢ (1=¢) (2~ wpy —wWuw) + ¢2 <1 - Zwinwin’> + (1 - 4))2]] ’

o, . . s .
where p. ,» = -2 is the correlation of productivity shocks. Under the same assumptions,
z
we can write the variance of vy, as:

.
var (yn) = [m} LaCHY

where C:)% = [24) (1 - (P) Wan + (Pz Xi wizn + (1 - 4))2} [1 o pz,z’] + 0z
The correlation between any pair of countries is then:

, = [(P (1= ¢) [wpy + Wy + (Pz Y winwiﬂ’] = pz,Z'] + Oz
P 6,0, 0,0,

(26)

Note that while the covariance in equation (25) depends on the size of the general
equilibrium effects (captured by (¢/(p — 1))?), the correlation p,, , is a function only of
the correlation in firm-level growth ¢, the multinational shares w;,,, and the correlation of
the shocks p, ,». Given a value of ¢, the size of the general equilibrium effects does not
affect the results in this section.

Equation (26) illustrates how the parameters affect the correlation of growth rates
across countries. First, if the primitive shocks are uncorrelated (o, = 0), and there are
no multinational firms (w;, = 0 for i # n), then countries growth rates are uncorrelated,
Py = 0. Other things equal, the correlation increases for country pairs that share more
multinational links, as captured by the terms w,/, + wy,y and Y ; w;,w;,y. Second, the
scope for multinational firms to induce cross-country correlations falls as the correlation
of the primitive shocks increases. In the limit, if p, » = 1, output is perfectly correlated
across countries, p,, ,» = 1, irrespective of the multinational shares w;;,.

With this in mind, Table 6 evaluates the model’s ability to generate positive cross-
country growth correlations. The row labeled “Data” presents the summary statistics for
the correlations of GDP growth over the period 1994-2007. The row labeled “Model”
presents the correlations implied by the model when p, ,, = 0. Consistent with our re-

sults from the previous section, on average in the whole sample the predicted correlations
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tend so be small. The mean is only 0.01, and 95% of all the bilateral correlations are below
0.03. However, this is partly a consequence of small multinational shares for most pairs
of countries. The bottom two panels of the Table report the correlations for country pairs
in which one country is a large source of multinational firms (such as the US, the UK,
or Germany), and for country pairs in which one country is an important destination for
multinationals (such as Ireland, Netherlands, or Slovakia). Not surprisingly, the predic-
tions of the model come much closer to the data for these country pairs. At the extreme,
the model generates about a quarter of the observed correlation for country pairs in which
one of the countries is either the US or Ireland.

Second, in the spirit of the literature on international trade and comovement (see, e.g.,
Johnson, 2014), we compare the correlations predicted by the model to those observed in
the data.?* Figure 4 plots the partial correlation between the GDP correlation in the data
(y-axis) against the correlation implied by the model under uncorrelated shocks (x-axis),
after controlling for source and destination country effects. There is a positive and highly
significant conditional correlation between the model-implied correlations and the corre-
lations in the data.”® This is remarkable given that the model correlations are computed
under the assumption of uncorrelated shocks, and the only source of variation across
country pairs in the model is due to differences in multinational shares. The model also
cannot yield negative correlation coefficients, which are observed in the data. As a result,
relative to the data, the model generates substantially less variation in the cross-country
correlations than observed in the data.

To underscore the way the model generates correlations, the figure labels the “inte-
grated” and “non-integrated” country pairs differently (though the regression is run on
all the data). We label a country pair integrated if its combined bilateral multinational
shares w,, + w;,y are above the median, and non-integrated if they are below the me-
dian. The model generates little to no dispersion in predicted correlation among the
non-integrated pairs (hollow dots), and as a result in this subsample the model has no
predictive power over the data correlations, which range (in deviations from the coun-
try means) from large positive to large negative. On the other hand, for integrated pairs
(solid dots) there is a clear positive relationship between the model-implied correlations
and those in the data. Indeed, in the subsample of integrated pairs, the model correlations

24A challenge in empirically demonstrating a causal link between multinational presence and business
cycle comovement is that multinational firms may locate in countries that for other reasons have more
synchronized shocks. By imposing that the primitive shocks are uncorrelated and the same across country
pairs, we can isolate the role of multinationals as a source of transmission from other factors that may
induce comovement.

ZThe relationship is equally pronounced and significant unconditionally, without controlling for any
fixed effects.
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Table 6: Predicted and actual correlations

Mean St.Dev. Min Max
Across all country pairs

Data 0.133 0.352  -0.680 0.870
Model  0.009 0.017  0.000 0.254

Pairs involving large sources

Data 0.131 0404 -0.620 0.750

Us Model 0.027 0.048 0.001 0.254

UK Data 0.127 0.304 -0.550 0.590

Model 0.024 0.029 0.002 0.119

German Data 0.255 0.304 -0.240 0.750

y Model 0.021 0.017 0.005 0.077

Pairs involving large destinations

Ireland Data 0.098 0.412 -0.680 0.870

Model 0.024 0.047 0.002 0.254

Data 0.232 0.430 -0.480 0.850

Netherlands /el 0020 0023 0004 0119

. Data 0.050 0.327 -0.510 0.620
Slovakia

Model 0.011 0.014  0.001 0.065

Notes: This table reports summary statistics for aggregate correlations. The row labeled “Data” reports

the actual correlations of aggregate GDP growth sourced from World Development Indicators over the
period 1994-2007. The row labeled “Model” reports the results for correlations computed using equation
(26) under the assumption that 0, ,; = 0 for all country pairs.
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Figure 4: Actual and predicted correlations
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Notes: This figure plots the partial correlation between the GDP correlation in the data and the aggregate
correlation implied by the model, after controlling for source and destination country effects. Dots labeled
“Integrated” depict the country pairs with higher than the median combined bilateral multinational shares
(Wpry + wyy). Dots labeled “Non-Integrated” depict country pairs with the combined bilateral multina-
tional shares below the median.

have a greater explanatory power than in the full sample.

Our main takeaway from these exercises is that in most country pairs, transmission of
shocks through multinationals in and of itself cannot generate anything close to observed
output correlations. This is unsurprising since in most country pairs bilateral multina-
tional shares are small. However, among the more closely integrated country pairs, the
model generates both non-negligible correlations, and a significantly positive relationship
between model-implied and observed correlations.

5.3 Predicted and counterfactual comovement

This section studies how business cycle synchronization would change under different
scenarios for multinational presence. Rather than assuming an exogenous parsimonious
shock correlation structure as in the previous section, here we use the estimated 4;,, ; and
s; + from Section 3.2 to compute aggregate growth rates using model-implied relationships
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(16) and (21). We then conduct two sets of counterfactual exercises to investigate how
multinationals contribute to business cycle synchronization. Our metric of synchroniza-
tion is the cross-sectional dispersion in country-level growth rates (see Kalemli-Ozcan
et al., 2013, for a closely related metric of comovement). We exploit the cross-sectional
dimension as the available time series is quite short.

Notation The aggregate growth rate in country 7 is:

Yot = 2 WintYint = Zwin,t (@it + 8ip] +dut, (27)
i
We can express country n’s growth rate relative to the cross-sectional average growth rate

at time f as:
Yt — Tt = Aut+ Snt+ Dny (28)

where A, = Y Winins — % Y o Y win iy ¢ is the aggregation of all the idiosyncratic
shocks; Syt = Y wint[sit —35it] — Nln Yo Yiwint[sit — 5it) is the aggregation of all the
source shocks, and D, ; = dj; — d; is the demeaned destination effect. In these expres-

sions ¥; = % Y. xu, denotes the average of a variable across all destinations.

Changing multinational shares In the first set of counterfactuals, we ask what the
cross-country dispersion in growth rates would look like if multinational shares were

different. We focus on two polar opposite counterfactuals: (i) “No multinationals” and

4

(ii) “Full Integration.” Under “No Multinationals,” we change the values of the w;,’s

so that wf;”}/f = 1lifi = n, wﬁﬂ/f = 0if i # n. That is, the only firms producing

in country i are country i firms. Under “Full Integration” we change the w;,’s so that
FI _ ~FI
int = Wit
tries is the same in every country, and equal to the average share of each country i across

w = % ZnN win,t.% That is, the production shares of firms of all source coun-

destinations observed in the data.
In each of the counterfactual exercises indexed by ¢ = {NM, FI}, we compute the

Z6Note that Y @; = 5 Ly L Wint = 1.
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counterfactual components S ;, A7, ;, D;, ; using estimated s;; and a;,,  as:

1
1C1,t = wan,tsi,f - N Zzwfn,tsi,t (29)
i n i
1
1(51,1' - Z wlgn,tain,i' - N Z Zwicn,taii’l,t (30)
i noi
+1-— 1—¢
D = TR A s+ s G1)

where SJY" = [sn,t — 4, sn,t} captures the deviation of country n’s productivity shock
from the world average. We use (29)-(31) to compute the counterfactual growth rates ; ,

2
as in equation (28) and then report the standard deviations o7, , = \/ ﬁ You (75” — 75) .

Y
p—1

Our baseline results adopt the assumption that = 1 (the destination shocks are inde-
pendent of the general equilibrium effects).

The top panel of Table 7 reports the average baseline and counterfactual dispersions
of growth rates across the years in our sample. To facilitate comparison, the second panel
of the table reports the average ratios of the counterfactual o7 s relative to the baseline.
The standard deviation of growth rates under the “No multinationals” counterfactual is
nearly 10% higher compared to the baseline. Note from equation (29) that the dispersion
of Sﬁ,t is higher under this scenario, since multinationals are not there to spread the source
shocks across countries.

The table also reports the average standard deviations of growth rates under the “Full
Integration” counterfactual. Note from equation (29) that in this case S, ; = 0 (since w;y, ¢
is constant across destinations). Source shocks are completely shared across destinations
under full integration, hence differences do not contribute to the dispersion in growth
rates. As a consequence, the dispersion in growth rates is significantly smaller under this
scenario. For the median year, the standard deviation of growth rates would increase by
35% if all barriers to multinationals are eliminated.

The bottom two panels of Table 7 report a sensitivity analysis to alternative values of
the general equilibrium parameter F%' We focus on the cases of f% =2and (% =2/3
discussed in Section 4.4. Under each alternative parameterization, we re-calibrate the pa-

¥

rameter ¢ according to equation (22). The table shows that the case -5 = 2 is associated

with slightly larger counterfactual changes in the cross-sectional variance of growth rates,
while the opposite is true for the case of p%l = 2/3. However, the alternative parameter-

izations do not change the order of magnitude of the results.
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Table 7: Cross-sectional standard deviation of v, +

Mean Median

O—’)’n,t:

Baseline 0.058 0.060
NM: No Multinationals 0.064 0.066
FI: Full Integration 0.039 0.039

Ratio of aﬁnrt to baseline:
NM: No Multinationals 1.094 1.087
FI: Full Integration 0.673 0.654

S =2¢=05
Ratio of afm , to baseline:
NM: No Multinationals 1.116 1.105

FI: Full Integration 0.620 0.583

4 =2/3,¢=03
Ratio of (TEM , to baseline:
NM: No Multinationals 1.070 1.066
FI: Full Integration 0.745 0.739

Notes: This table reports the mean and median cross-sectional standard deviations in aggregate growth
rates over all years, and the mean and median ratios of the standard deviations in the two counterfac-
tuals relative to the baseline. The bottom two panels summarize the ratios of standard deviations under
alternative parameterizations of ¢/ (p — 1).
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Figure 5: Correlation between multinationals and their foreign affiliates (¢) and the cross-
sectional dispersion of aggregate growth rates

.06
1

Median St. Dev.

.055
1

Notes: This figure plots the median standard deviation of aggregate growth rates on the y-axis against the
share of source shocks in the affiliates” technology shocks (¢) on the x-axis.

Changing the correlation in firm-level growth In the second set of counterfactuals, we
maintain the observed multinational shares and change the correlation between parents
and affiliates ¢°. In this case we can compute the counterfactual components as:

C
s = %Sn,t,
Al = Ay
C Ci 1_ ¢
Dn(,Pt = L%_ } [An,t‘FSnﬁ} +%T¢Sg,u;n.

Figure 5 shows the resulting standard deviation in growth rates for alternative values
for counterfactual ¢. As ¢ get closer to zero, there is no transmission of shocks between
multinational firms and their foreign affiliates, and the standard deviation in growth rates
increases and gets closer to that in the counterfactual of “No Multinationals.” As ¢ gets
closer to one, the correlation between multinationals and their foreign affiliates becomes
stronger, and the dispersion in growth rates decreases. Yet, this effect is limited by the

fact that the share of multinationals in the economy is small.
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6 Conclusion

Understanding business cycle transmission across countries is one of the central ques-
tions in international macroeconomics. In this paper, we used new data and a quantita-
tive model to assess how shocks are transmitted internationally through firms that oper-
ate in multiple countries. Our empirical results demonstrate important interdependence
between source countries and their foreign affiliates. This interdependence is detectable
both at the firm and the source-destination level. We use a quantitative model to interpret
these findings and to evaluate the role of multinationals for international business cycle
comovement.

All foreign multinationals together account for a large share of total output, and thus
the rest of the world is responsible for about 10% of the productivity shocks in an average
country. On the other hand, bilateral multinational production shares tend to be small,
limiting the contribution of multinationals for observed comovement between individual
country pairs. In the benchmark parameterization, eliminating barriers to multinational
production decreases the cross-country standard deviation in growth rates by 35 percent,
indicating that international comovement may become significantly stronger as the share

of multinationals in the world economy increases.
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Appendix A Data Assembly

This Appendix describes the downloading and cleaning steps that we followed in con-
structing the final dataset, as well as some additional statistics.

A1 Downloading

The data were downloaded using the web-based utility available by subscription from
Bureau Van Dijk. We downloaded the following variables from ORBIS: Company Name,
Company ID, Global Ultimate Owner name (GUO name), Global Ultimate Owner ID
(GUO ID), Consolidation Code, Independence Indicator, the firm’s NACE Sector Code,
and “Turnover” and Value Added denominated US$ in for each year available between
2004-2012.

In downloading the data we made a number of choices. First, in cases where several
types of firm accounts were available, we prioritized local registry filings over annual re-
ports. Second, we built the dataset based on “unconsolidated” accounts, since accounts
that are consolidated across the many firms that comprise the corporation are not useful
for our analysis. In particular, we downloaded companies with unconsolidated accounts
only (consolidation code Ul) and companies that present both consolidated and uncon-
solidated accounts (consolidation code C2/U2). By doing this we exclude firms with no
recent financial information (NRF), with limited financial information (LF), no recent lim-
ited financial information (NRLF) and no financial variables at all (NF), since it is not clear
which is the level of consolidation for these firms. Third, we only downloaded firms for
which data on turnover was available in at least one of the years, since this is the main
variable that we use in our analysis. This results in an initial download of 8,271,838 firms,
99% of which have a consolidation code U1, while the remaining have an consolidation
code U2.

A.2 Defining ownership

The firm ownership matrix is constructed from an independence indicator provided by
ORBIS, and variables reporting the Global Ultimate Owner (GUO) ID and name. The
independence indicator characterizes the degree of independence of a company with re-
gard to its shareholders. In defining the ownership structure, we took the following steps.
First, we only assigned “owners” to those firms that have an independence indicator of
“D”, which is allocated to any company with a recorded shareholder with a direct own-
ership of over 50 percent.

Second, about 25% of the firms in ORBIS contain information on their GUO name but
not the GUO ID. This issue arises mainly because some firms are owned by individuals or
families,”” and ORBIS only defines ID numbers for firms. In cases in which the ultimate
owner is a person or a family, we need to establish which of the firms in the group will be
assigned the role of the ‘parent’ of the group. In such cases, the parent firm is assumed to
be the firm with the largest revenue owned by that GUO name (to be used in firm-level

27For instance, family Porsche is the GUO owning Volkswagen and all its affiliates.
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exercises), and source country is assumed to be the country in which the GUO name has
the largest revenues (to be used in GUO-destination level exercises). The results in the
paper remain unchanged if instead we exclude the firms for which the GUO IDs are not
available. Firms with neither GUO ID or GUO name data are by default assumed to have
no owner (that is, they are their own global ultimate owner).

A.3 Cleaning

This section describes all the steps to get the data ready for use. First, for those firms for
which both consolidated and unconsolidated accounts are available, we keep the uncon-
solidated accounts. Second, we convert the revenue and value added to local currency
and adjust for inflation using GDP deflator from the World Bank. Finally, for a subset of
tirms, we manually checked the data on the independence status and ownership, which
resulted in corrections to independence indicators, GUO, and/or source country. The
manual checks were performed by closer examination of the Bureau van Dijk web in-
terface and internet searches. The manual coding supersedes any automatic algorithm
discussed above. The following subsets were checked:

e The largest 15 domestic firms in each country (we include firms that are in the top
15 in any year), resulting in 42 manual recodes.

e The largest 15 GUOs in each country (we include GUOs that are top 15 in any year),
resulting in 134 manual recodes.

e The largest 15 firms with a GUO name but not GUO ID in each country, resulting in
37 manual recodes.

e Thelargest 100 GUOs that are listed as being in offshore locations (i.e. Bermuda, Vir-
gin Islands, Curagao, Cayman Islands, Gibraltar, Bahamas, Marshall Islands, Mau-
ritius, and unidentified “YY” and “WW” firms), resulting in 66 manual recodes.

e Some firms in Croatia have GUO IDs that do not identify the country of ownership,
and are coded as “YY”. We classify these firms as owned by an “unknown” country,
while at the same time we manually checked the largest 100 of these firms, which
resulted in 30 manual recodes.

In addition to this manual cleaning, we remove outliers by excluding observations in
which DHS sales growth rates are below -2/3 and above 2/3 (where growth rates are
defined as y; = %;;—ﬁfj) The removal of the outlier growth rates should help clean-
ing out mergers and acquisitions, as those are likely to manifest themselves in extreme
growth rates. Finally, in calculating growth rates at any level of aggregation (whether it is
country-level, GUO-destination level, etc.), we include only firms that are present in two
consecutive years (e.g. the 2005 growth rate is computed using firms that are present in
both 2004 and 2005; the 2006 growth rate is computed using firms present in both 2005

and 2006, etc.).
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Appendix B Extensions

B.1 Armington final goods aggregation

This subsection extends the model to a case in which the final goods produced in each
country are differentiated by origin. In particular, we assume that the consumption com-
posite is given by:

€
e—1

C = [ZQ;il ] , (B.1)

so that C; = ), C;;. The inverse demand for the final output of each country 7 is given
by:

. —1/e
Pu = lQul ||

where P, is the price index associated with the aggregator (B.1). Aggregate revenues in
country 7 are given by:

The growth rate is

Yup = — 11/]2 Y Wing (f) { paif’tl + Zin g (f)} ,

€ i feqy

which coincides with equation (15) up to the constant eg—l Hence, equations (24) and (26)
remain unchanged. Differences in growth rates across countries are given by:

e—1 =

Tt =Vt = [ne — Gl
while the counterfactual growth rates will be given by

e—1
Yor =Vt = - [ — a5 -

Thus, for given values of ¢ and shares wj;,, the ratio of actual to counterfactual growth
rates and variances is independent of €.

B.2 Low elasticity of substitution between Z; and Z,

This subsection presents an extension of the model to a setting in which parent and affil-
iate productivities are combined by a CES aggregator, as opposed to Cobb-Douglas. In
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particular, we assume that the individual firm production function is given by:

Qin,t (f) = Zin,t (f) Lin,t (f) ’ (B.2)

where

17

=1 n=1{ =1
[ [

Zing (f) = |9Zis (f) 7 + (A=) Zus (f) (B.3)
The formulation in the main text corresponds to the limiting case of # = 1.

Aggregate output is given by equation (14), and output growth is given by (19). Dif-
ferences from out baseline framework are driven by the effect of 77 on the growth rate
of Zint (f) (B.3). We show that the difference is zero to a first order approximation. In

particular, log-linearizing (B.3) around a symmetric Z, = Z; we obtain:

Zing = ¢zZip+ (1 — @) zyt.

which coincides with the growth rate used in the text.

B.3 Intermediate input linkages

In this section we present a version of the model in which the transmission of shocks
within multinationals is driven by vertical production linkages. In particular, we main-
tain the structure of the model in Section 4, but assume that each firm operates a Cobb-
Douglas technology that uses labor in the destination country and intermediate inputs
that are produced in the firm’s headquarter. The firm-level production function is given
by:

Qint (F) = (Zus (F) Ling (F) Xins ()7, (B.4)

where Z, ; (f) is a firm-specific productivity component, and X, ; (f) is a intermediate
input that is specific to the multinational group. In what follows we refer to Q;, ; (f)
as intermediate goods, and to Xj,; (f) as intermediate inputs. Intermediate inputs are
produced by the firm’s parent using the homogeneous final good. Crucially, affiliates
cannot produce the intermediate input themselves and cannot use the intermediate inputs
produced by other firms.

Parent firms operate a technology that turns one unit of the final good into Z;; (f)
units in of the firm-specific intermediate input,

Xz',t (f) = Zi,t (f) Mz',t (f) ’ (B.5)

where M;; (f) is the amount of the final good used by firm f in country i to produce
intermediate inputs. Note that market clearing in intermediate inputs implies: X;; (f) =
Y Xint (f), that is, production of intermediate inputs by the headquarter is equal to the
combined the demand of intermediate inputs by the parents affiliates in all destinations
(including the domestic destination). The firm’s parent can also produce intermediate
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inputs Qj; ¢ (f) with the production function given in (B.4).

The production function in equation (B.5) implies that the cost of producing a unit
of the intermediate input is given by C}, (f) = PV/Z:i (f) = 1/Z;i; (f) . The marginal
cost of producing a unit of the intermediate good in destination country # is given by:
Cint (f) = & Wit/ Zug PN (1/Zis (f)?, where § = ¢? (1 —¢)' % is a constant.
The multinational firm chooses Xj,; (f) and L;,; (f) to maximize world-wide profits
subject to equations (B.5) and (7). Profit maximization implies a constant markup over
marginal cost:

i) = 50 (o) (k) - e

Combining equations (8) and (B.6) we can write the real wage as:

W, = T=9)-1
z = 1P [Z Z Azntzznt ( )] . (B'7)

feqy;

Profit maximization by intermediate good producers implies that aggregate revenues are
a constant share ¢ of total labor payments:

0 1
§ Py 1Qint = PO = ———— W, L.y, B.8
- in,t<in,t n,tn,t 0 11 4) n,tbln,t ( )

which in combination with (12) and (11) permits expressing the aggregate production
function as:

b
1—p

Qn nt = % Z Z Azntzznt . (B.9)

i fey

Equation (B.9) implies that the growth rate of output and value added (which is a fraction
1 — ¢ of output) in the model is given by equations (15) and (16), where the parameter i

is now substituted with ¢ = 1

We can parameterize ¢ in this version of the model using either firm-level or source-
destination level data, as in Section 4. In particular, since value added at the firm level is
proportional to firm-level revenues, equation (19) represents value added growth at the
firm level.”® Hence, we can interpret the coefficients of our value added regression in Sec-
tion 3 as ¢ in this model, which gives us ¢ = 0.14. Alternatively, equation (2) represents
value added growth rate at the source-destination level, which for a given combination of
¥

the GE parameters T—5 can be used to calibrate ¢. Given values for ¢ and, revenue shares

BIn this version of the model, equation (17) represents both value added and revenue growth for the
affiliates. Note, however, that the parent’s revenue now includes exports of the intermediate input, so that
equation (18) does not represent the parents’ revenue growth, though it does represent parents’ value added
growth.
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wiy ¢ and a the composite parameter %, we can reinterpret our quantitative results in
Section 5 through the lens of this model featuring intermediate input linkages.
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Figure Al: MP shares: ORBIS vs. OECD-EUROSTAT data
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Notes: This figure displays a scatterplot of the multinational production shares (defined as the share of gross
output in a country produced by affiliates of foreign multinationals), in the ORBIS data against the those
from OECD and EUROSTAT, as compiled by Alviarez (2013). The line through the data is the 45-degree

line.
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Table A2: Sectoral shares

NACE  Sector description Fraction of firms Fraction of groups ~ Average share ~ Average share
code of sector in of foreign firms
aggregate sales in the sector
01 Crop and animal production, hunting and related service activities 0.016 0.017 0.008 0.064
02 Forestry and logging 0.003 0.004 0.002 0.066
03 Fishing and aquaculture 0.001 0.001 0.001 0.106
05 Mining of coal and lignite 0.000 0.000 0.003 0.106
06 Extraction of crude petroleum and natural gas 0.001 0.001 0.017 0.336
07 Mining of metal ores 0.000 0.000 0.004 0.299
08 Other mining and quarrying 0.002 0.003 0.002 0.240
09 Mining support service activities 0.001 0.001 0.002 0.239
10 Manufacture of food products 0.014 0.015 0.031 0.264
1 Manufacture of beverages 0.002 0.002 0.007 0.432
12 Manufacture of tobacco products 0.000 0.000 0.002 0.461
13 Manufacture of textiles 0.005 0.005 0.004 0.210
14 Manufacture of wearing apparel 0.006 0.006 0.004 0.160
15 Manufacture of leather and related products 0.002 0.002 0.002 0.184
16 Manufacture of wood and of products of wood and cork, except furniture 0.007 0.008 0.006 0.196
17 Manufacture of paper and paper products 0.003 0.003 0.007 0.345
18 Printing and reproduction of recorded media 0.006 0.007 0.003 0.123
19 Manufacture of coke and refined petroleum products 0.001 0.001 0.022 0.369
20 Manufacture of chemicals and chemical products 0.006 0.006 0.018 0423
21 Manufacture of basic pharmaceutical products and pharmaceutical preparations 0.001 0.001 0.009 0.513
22 Manufacture of rubber and plastic products 0.007 0.008 0.010 0.370
23 Manufacture of other non-metallic mineral products 0.006 0.007 0.011 0.370
24 Manufacture of basic metals 0.003 0.003 0.021 0.390
25 Manufacture of fabricated metal products, except machinery and equipment 0.019 0.020 0.015 0.222
26 Manufacture of computer, electronic and optical products 0.006 0.007 0.022 0.434
27 Manufacture of electrical equipment 0.005 0.005 0.012 0.462
28 Manufacture of machinery and equipment n.e.c. 0.011 0.012 0.016 0.367
29 Manufacture of motor vehicles, trailers and semi-trailers 0.003 0.003 0.030 0.509
30 Manufacture of other transport equipment 0.001 0.002 0.005 0.296
31 Manufacture of furniture 0.005 0.006 0.004 0.128
32 Other manufacturing 0.005 0.006 0.004 0.305
33 Repair and installation of machinery and equipment 0.007 0.007 0.005 0.200
35 Electricity, gas, steam and air conditioning supply 0.005 0.005 0.045 0.216
36 Water collection, treatment and supply 0.001 0.001 0.003 0.073
37 Sewerage 0.001 0.001 0.000 0.068
38 Waste collection, treatment and disposal activities; materials recovery 0.004 0.004 0.004 0.172
39 Remediation activities and other waste management services 0.001 0.001 0.000 0.066
41 Construction of buildings 0.050 0.053 0.022 0.102
42 Civil engineering 0.012 0.013 0.015 0.151
43 Specialised construction activities 0.059 0.064 0.014 0.146
45 Wholesale and retail trade and repair of motor vehicles and motorcycles 0.027 0.029 0.031 0.330
46 Wholesale trade, except of motor vehicles and motorcycles 0.134 0.145 0.201 0.332
47 Retail trade, except of motor vehicles and motorcycles 0.081 0.086 0.079 0.297
49 Land transport and transport via pipelines 0.026 0.028 0.022 0.118
50 Water transport 0.002 0.002 0.004 0.307
51 Air transport 0.001 0.001 0.004 0.157
52 Warehousing and support activities for transportation 0.013 0.013 0.018 0.252
53 Postal and courier activities 0.001 0.001 0.003 0.195
55 Accommodation 0.010 0.011 0.004 0.180
56 Food and beverage service activities 0.024 0.025 0.004 0.231
58 Publishing activities 0.007 0.007 0.004 0.217
59 Motion picture, video and television programme production, sound recording and music publishing 0.004 0.004 0.002 0.237
60 Programming and broadcasting activities 0.001 0.001 0.002 0.217
61 Telecommunications 0.003 0.003 0.020 0435
62 Computer programming, consultancy and related activities 0.021 0.022 0.010 0.366
63 Information service activities 0.004 0.004 0.001 0.321
64 Financial service activities, except insurance and pension funding 0.026 0.027 0.046 0.318
65 Insurance, reinsurance and pension funding, except compulsory social security 0.003 0.002 0.033 0.367
66 Activities auxiliary to financial services and insurance activities 0.011 0.011 0.007 0.276
68 Real estate activities 0.068 0.071 0.013 0.142
69 Legal and accounting activities 0.020 0.022 0.003 0.143
70 Activities of head offices; management consultancy activities 0.033 0.036 0.016 0.256
71 Architectural and engineering activities; technical testing and analysis 0.027 0.029 0.008 0.196
72 Scientific research and development 0.003 0.003 0.002 0.264
73 Advertising and market research 0.012 0.013 0.006 0.334
74 Other professional, scientific and technical activities 0.012 0.013 0.002 0.201
75 Veterinary activities 0.001 0.001 0.000 0.057
77 Rental and leasing activities 0.008 0.008 0.004 0.328
78 Employment activities 0.004 0.004 0.002 0.323
79 Travel agency, tour operator reservation service and related activities 0.007 0.007 0.004 0.284
80 Security and investigation activities 0.003 0.003 0.001 0.295
81 Services to buildings and landscape activities 0.009 0.010 0.007 0.197
82 Office administrative, office support and other business support activities 0.013 0.014 0.006 0.256
84 Public administration and defence; compulsory social security 0.002 0.002 0.003 0.084
85 Education 0.014 0.015 0.004 0.050
86 Human health activities 0.019 0.020 0.008 0.065
87 Residential care activities 0.003 0.004 0.001 0.046
88 Social work activities without accommodation 0.011 0.012 0.002 0.008
90 Creative, arts and entertainment activities 0.004 0.005 0.000 0.104
91 Libraries, archives, museums and other cultural activities 0.001 0.002 0.000 0.100
92 Gambling and betting activities 0.001 0.001 0.005 0.110
93 Sports activities and amusement and recreation activities 0.008 0.009 0.001 0.108
94 Activities of membership organisations 0.017 0.019 0.001 0.021
95 Repair of computers and personal and household goods 0.003 0.003 0.001 0.185
96 Other personal service activities 0.012 0.013 0.002 0.174
97 Activities of households as employers of domestic personnel 0.000 0.000 0.000 0.000
98 Undifferentiated goods-and services-producing activities of private households for own use 0.009 0.011 0.000 0.004
99 Activities of extraterritorial organisations and bodies 0.000 0.000 0.000 0.075

Notes: This table reports the distribution of the number of firms, revenues across sectors. The last column reports the share of sales in

each sector by foreign firms. All numbers are simple averages across countries and years.
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Table A5: Affiliate-parent comovement by parent and affiliate size

1) () 3) (4)

Affiliate sales < Affiliate sales <  Affiliate sales >  Affiliate sales >

parent sales 1 parent sales parent sales 4 x parent sales
¢ 0.260*** 0.276*** 0.0789 0.115
(0.0131) (0.0158) (0.0704) (0.227)
Obs. 164502 134636 17476 7411
N. mult. 17398 14441 4126 1885
R? 0.731 0.747 0.906 0.962
FE Yes Yes Yes Yes

Notes: Standard errors clustered at the parent level in parentheses. ***: significant at the 1% level. This
table presents the results of estimating equation (1). “FE” refers to source x destination x affiliate sector x
parent sector x year fixed effects. Sectors are defined at the 2 digits of the NACE classification.
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