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Abstract

We develop a quantitative-oriented model that integrates the production and financing de-
cisions of multinational corporations (MNCs). Firms differ by their productivity and net worth.
Productive firms expand by accumulating net worth over time and by using funding from ex-
ternal investors. Firms can deploy their technology for production in affiliates overseas and
become MNCs. However, the affiliates” scale of operation is partially dependent on funding
from the parent, giving rise to foreign direct investment (FDI). The model links FDI, affiliate
production, and financial market conditions of host and home countries in ways consistent
with the data, and remains tractable with heterogeneous firms and many asymmetric coun-
tries. We use the model to explore various issues such as the drivers of the global FDI growth
over 2001-2007, the role of credit crunch for its growth slowdown since the Great Recession,
and the welfare gains from FDL
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1 Introduction

Multinational corporations (MNCs) tend to be more productive and have abundant financial cap-
ital at disposal. By mobilizing both technology and capital across borders, they exert a significant
impact on the world economy. Recent studies have made great progress in developing quantita-
tive models to explain the patterns of MINC activities and examine their impacts on the aggregate
economy. Most existing work, however, treats MNCs merely as a vehicle for cross-border trans-
fer of technology, overlooking the accompanying movement of capital. As a result, a number of
questions on the activities of MNCs and the welfare implications of these activities remain unan-
swered. For example, it is natural to conjecture that factors affecting the access to capital, such as
credit market tightness, should affect MNC activities, but how important are these factors quan-
titatively, and whether the effects differ by country? On the normative side, policy makers from
many developing countries hold the view that MNCs could be a source of scarce capital for the
country, yet we still know very little about the importance of this channel.

We answer these questions by developing a quantitative-oriented model of firm dynamics that
integrates the movements of both technology and capital within MNCs. One key ingredient of the
model is that, due to imperfections in the financial market, the operations of an affiliate partially
rely on the internal capital market of the MNC. This generates an incentive for MNCs to invest in
destination countries using internal funds, so foreign direct investment (FDI) arises as within-firm
capital flow from the parent to the affiliate. We parameterize the model to match the transitional
dynamics of FDI flows among 36 countries over 2001-2012, a period that witnessed rapid growth
in the global FDI (2001-2007) and its slowdown (2008-2012). This overall change coincided with
the credit boom among our sample countries over 2001-2007, and the credit crunch during the
Great Recession. Through counterfactual experiments, we show that the changes in credit market
conditions explain a substantial part of the aggregate FDI dynamics. We also show that our model
generates different predictions on the welfare effects of MNCs than existing studies.

In Section 2, we start by documenting three facts on the financing and production decisions of
MNCs. Our analysis encompasses two related measures of MNCs that has been treated largely
in isolation in the literature: FDI—which captures the within-firm capital flow from the parent
to the affiliate—and MP, which is defined as the production by the affiliates of MNCs. Using
bilateral information on MP and FDI among a large number of countries, we show that, first, MP
and FDI are highly correlated. This correlation exists even after controlling for extensive margin
of MNC activities at the bilateral level (the number of affiliates). Second, host countries with a
more developed financial market attract more FDI; conditional on the level of FDI, the affiliates
in these countries also produce more. Third, home countries with a more developed financial
market send out more FDI. All these results are robust to the inclusion of a number of host and
home country characteristics, such as income, market size, tax rate, etc. Together, they suggest
that: 1) operations of affiliates at least partially on the internal capital market of the MNCs; 2)
access to external finance in both the home country and the host country matter for the allocation
of FDI and the distribution of MP across countries.



Motivated by the above facts, in Section 3, we develop a model of firm dynamics that high-
lights the role of internal capital markets and external finance. The goal of the model is to illustrate
channels and provide quantitative answers to the questions posed earlier. In the model, firms are
heterogeneous along three dimensions: their (pre-determined) home country, their productivity
efficiency, which follows an exogenous Markov process, and their net worth, which is endoge-
nous and can be accumulated over time. Firms decide whether and which country to deploy their
productive technology. When a firm moves production abroad, an MNC emerges. MNCs (and
domestic firms) combine their technology with physical capital and labor for the production of a
homogeneous good. In addition to their net worth, firms have access to two sources of finance for
physical capital: they can borrow against their net worth in the home country, and/or partner up
with investors in the host country. Financial market conditions affect the availability of funding
through both channels. To capture this effect most parsimoniously, we assume that both types of
external finance are impeded by exogenous collateral constraints, with the collateral for the former
being a firm’s net worth and the collateral for the latter being the amount of capital a firm brings
into the host country, namely FDI. We further allow for the collateral requirement for the parent
to be different from that for the affiliate, so a change in the financial market in a country can have
differential effects on the collateral constraints faced by parent firms and foreign affiliates in the
coumt]ry.1

The model generates empirically consistent relationships between FDI, MP, and the financial
market condition of a country. Because of the financial frictions, the total production of an affiliate
depends on how much funding the parent brings in. As a host country becomes financially more
developed, foreign affiliates can more easily scale up by partnering with local investors, so the
internal rate of return to investing in that affiliate increases, drawing more FDI into the country.
On the other hand, as a home country becomes financially more developed, productive firms will
gain market share. In the short run, this drives up the labor cost, so more firms will invest abroad;
in the long run, a better financial market enables faster accumulation of net worth, especially for
the most productive firms, who are more likely to become MNCs. Both short- and long-run effects
increase the level of FDI outflow.

In Section 4, we take the model to the data to quantify the importance of financial markets on
the dynamics of FDI for individual countries and the world as a whole. We assemble a new dataset
of bilateral FDI information for a sample of 36 major developed and developing countries over
the period of 2001-2012. We supplement this dataset with country-specific time series on domestic

IWhile in the model, financial frictions in both stages take the form of a collateral constraint, their interpretations
could be different. The former captures the extent to which parent firms could borrow externally from the credit mar-
ket, therefore should be best interpreted as credit market conditions. Studies of financial frictions in macroeconomics
often also interpret this as a measure of financial development (see, for example, Buera et al., 2011; Midrigan and Xu,
2014; Moll, 2014). The latter, the leverage constraint at the affiliate level captures the extent to which a parent company
can rely on local partners. One interpretation for this friction is that with imperfect contract enforcement, stakes in the
affiliates provide an incentive for the parents to exert effort, which makes local investors willing to invest—in other
words, the market for management technology is imperfect. (See Antras et al. (2009) for a theory that links institution
quality to the financing of affiliates endogenously and the empirical evidence based on US MNCs.) Despite the differ-
ence, frictions in both stages are clearly influenced by the overall financial institution and credit market conditions in
a country. In the quantitative exercise, we discipline these two objects using different data and find they are indeed
correlated.



credit market conditions (captured by credit/GDP ratio), investment rate, parents’” position in
affiliates” balance sheet, and aggregate TFP. We fully saturate the model with country-specific
wedge for investment and bilateral wedge for FDI, and calibrate these wedges, as well as the
‘structural parameters’ of the model that characterize financial conditions and firms” productivity
dynamics, so that the transitional dynamics of the model match the data in all above dimensions.?
We validate the model by showing that a few non-targeted moments are consistent with the data.

The calibration reveals a gradual improvement in credit market conditions until 2007 in the
form of continuously relaxing collateral constraints for both parents and affiliates; this trend was
reversed since the great financial crisis. Our first set of quantitative exercises focus on how changes
of individual countries affect their FDI in each of the two periods, holding fundamentals of other
countries at the benchmark, mimicking empirical studies that use a diff-in-diff design (see, e.g.,
Klein et al., 2002). We find that the credit boom, measured through the lens of our model, can
explain up to 50-80% of the cumulative FDI outflow during 2002-2007 in most of our sample
countries. On the other hand, if the financial markets have stayed at the level of 2007, then the cu-
mulative FDI outflows during 2008-2012 would have been 30-100% higher than the factual values
among the sample countries.

The above analysis overlooks domestic general equilibrium effect and the third country effect—
for example, as financial market condition in the U.S. improves, the outward investment by Amer-
ican MNCs increases; the increasing competition created by these MNCs in their destination coun-
tries drive out investment to the same destination from third countries; changes in domestic wage
also affect inward FDI into the U.S. We find that these equilibrium responses are large—the cumu-
lative aggregate FDI flow between 2002-2007, across all source and destination countries, would
decrease by around a third, if the collateral constraints stay at the value of 2001; the cumula-
tive FDI during 2008-2012 would have been 40% higher, if the credit conditions stay at the peak
value of 2007. While these numbers are still quantitatively significant, the difference in magnitude
compared to country-specific exercises shows the importance of using a multi-country general
equilibrium model.

Finally, in Section 5, we study the normative implications of our model and compare them to
those predicted by existing models. Following a tradition in international economics (see, e.g.,
Arkolakis et al., 2012; Ramondo and Rodriguez-Clare, 2013), the focus of our comparison will be
on ex-post effects, defined as the percentage change in real income of workers as a country moves
from autarky to the observed level of MNC activities. Because of the dynamic incomplete market
setting, the full welfare effects of MP cannot be characterized analytically. To clarify the channels,
we first derive the static impacts of inward MNC activities on workers’ real income. Our formula
shows that, unlike in papers with Ricardian models of MNC (Ramondo and Rodriguez-Clare,
2013; Alviarez, 2016; Cravino and Levchenko, 2017), in which the MP share is the sufficient statis-
tic for the welfare effect—and the studies that modeled FDI as movement of physical capital only

(Mundell, 1957), in which FDI share in domestic capital is the sufficient statistic, in our setting,

2As in Eaton et al. (2016), once the time series of all structural parameters and wedges are fed in, the model will
produce the pattern in the data.



even the static income change depends on both MP and FDI. MP captures the relative importance
of foreign affiliates in local production. Conditioning on the MP share, a higher fraction of in-
vestment by foreign parents reduces affiliates” dependence on credits from the host country, thus
reducing the crowd-out effect on domestic firms.

When the world credit market is fully integrated, the credit crowd out channel is minimal. In
that case, the MP share is a sufficient statistic. Yet it still encompasses two forces. First, a “techno-
logical” channel—because foreign affiliates are on average more productive, their entry improve
the productivity distribution of firms in an economy. Second, the ‘capital deepening’ channel—
the capital brought in by foreign firms total amount of capital used in domestic production.® This
latter channel corresponds to what one would obtain, if they were to use a model that treats FDI
as merely capital for the welfare evaluation.

We evaluate the importance of the two static channels for the sample countries, focusing on
the year 2001 as an example. The median country has around 8% static welfare gains. On average,
about half of the gains are through the technological channel, but this ratio differs significantly
across countries— the technology channel matters more for countries with low domestic produc-
tivity, whereas the capital channel matters more for countries that are relatively scarce in capital.
This result echoes policy makers” emphasis that for developing countries with severe financial
constraints, FDI is not only a source of advanced technologies, but also a source of financial capi-
tal (UNCTAD, 2011). It also underscores the importance of jointly modeling both FDI and MP in
studying the aggregate effects of MNC activities.

The above static analysis takes as given the evolution of the joint distribution between produc-
tivity and capital. The financial frictions, coupled with the incomplete market assumption, lead
to additional dynamic implications because the joint distribution will change as a result of MNC
activities. To make the point, we calculate the full effects of MNC activities by shutting down the
activities for the entire period starting 2001, and computing the equilibrium objects over this al-
ternative transitional dynamics. We find that all countries experience a decrease in wage in 2002,
the first period of moving to autarky. Over time, however, domestic firms are able to accumulate
net worth. As a result, the economy gradually catches up with the benchmark economy. Interest-
ingly, countries with a higher short-run TFP growth rate, such as China, might even have a higher
income than in the economy with MNCs—that is, shutting down inward FDI lead to long-term
gains at the expense of short-term losses. The intuition is as follows: because of financial frictions,
the growth of domestic firms is constrained by their size. The presence of MNCs depresses the
market share of domestic firms and thus slow down their growth. For countries in which domes-
tic firms have a higher TFP growth rate compared to the rest of the world, having more MNCs
therefore might result in lower long-run income.

Our paper is most closely related to a recent literature that studies quantitatively the patterns
of MNC activities and their impacts on the aggregate economy (Burstein and Monge-Naranjo,
2009; McGrattan and Prescott, 2009; Ramondo and Rappoport, 2010; Ramondo and Rodriguez-

3Al’chough the world credit market is integrated, the amount of capital used in domestic production might still be
constrained by domestic firms’ net worth.



Clare, 2013; Alviarez, 2016; Cravino and Levchenko, 2017; Tintelnot, 2017; Arkolakis et al., 2018;
Anderson et al., 2017; Ghironi and Wolfe, 2018, among others). Most existing studies only con-
sider the movement of technology (either rival or non-rival) and abstract from modeling financial
capital. As a result, they are silent on FDI, a widely collected and used statistics, and do not speak
to how financial market conditions affect the activities of MNCs,* which has been documented
extensively (Antras et al., 2009; Alfaro and Chen, 2012; Desai et al., 2008; Klein et al., 2002; Bilir
et al.,, 2014; Manova et al., 2015).° Our contribution is to develop a tractable heterogeneous-firm
model, which combines the technology channel emphasized in existing studies with the move-
ment of capital inside MNCs. This model gives different questions to old questions, such as how
large are the welfare gains from MNC activities and, moreover, allow us to answer new questions.
To be able to account for capital accumulation and reallocation, our model is naturally dynamic,
which is related to a small but growing literature in the intersection between firm dynamics and
FDI (Fillat and Garetto, 2015; Garetto et al., 2017).°

As an important form of cross-border capital flow, FDI has also received considerable atten-
tion from the international finance literature. Within this literature, our paper is related to both
the empirical studies on the determinants and aggregate implications of FDI,” as well as the theo-
retical and quantitative work on the welfare effects of international capital flows (Mundell, 1957;
Feldstein, 1995; Gourinchas and Jeanne, 2006a).8 Relative to the empirical work, our contribution
is to document the joint relationship between MP, FDI, and financial market conditions; relative to
the theoretical and quantitative work, which usually treat FDI in the same way as other types of
capital flows, our contribution is to formally model FDI as within-firm capital that enables MNCs
to transfer their technology to affiliates, thus connecting this literature to the studies of MNCs in
international trade.

More broadly, this paper is related to the literature on the theory of firm, in particular the
recent studies focusing on how firms reallocate activities across production units in response to
plant-level policy and economic shocks and the implications of this reallocation for the trans-
mission of business cycle across regions (see, e.g., Giroud and Mueller, 2015; Giroud and Rauh,
forthcoming). While focusing mostly in the domestic setting, the patterns document in this liter-
ature are supportive of the mechanisms in our model. Our paper complements this literature by

developing a framework suitable for quantitative analysis.

4Indeed, in their survey of MNCs studies, Antras and Yeaple (2014) concludes by highlighting the lack of research
that incorporates the allocation of capital within firms.

5The literature has documented that FDI flows and financial development (see, for example, Desbordes and Wei,
2017; Bilir et al., 2014), and that host country financial development is important for a country to benefit from FDI
(Alfaro et al., 2004).

6A separate but related literature studies exporting and innovation in models of firm dynamics (see, for example,
Atkeson and Burstein, 2010; Alessandria et al., 2014).

7The literature is too voluminous to discuss here. Most related to our focus on financial market conditions, we refer
the readers to Desbordes and Wei (2017) on empirical studies of financial market conditions on FDI; and to Alfaro et al.
(2004) and the reference thereto on the effects of FDI on growth.

8 Also relatedly, Caballero et al. (2008), Ju and Wei (2010), and Wang et al. (2016) examine how financial frictions
might explain the patterns of global imbalances. Our model is also suitable to for jointly analyzing the determinants
and welfare implications of financial of portfolio capital and FDI flows in a multi-country setting, but we abstract from
this as global imbalances are not the focus of this paper



In terms of methodology, our accounting procedure in matching the dynamics in the data is
related to Eaton et al. (2016) and Kehoe et al. (2018), but different in that our model allows for
dynamic decisions with firm heterogeneity, incomplete markets, and multinational corporations,
while still retaining tractability.” This allows us, for the first time in the literature, to perform a
dynamic analysis of FDI in a setting that is amenable to the multi-country data. As discussed in
the conclusion section, the model and the calibration algorithm developed here can also easily
extended and used to answer other questions on FDI policies.

2 Empirical Relationship Between MP, FDI, and Financial Markets

This section documents relationships between the production of MNC affiliates (MP), FDI, and the
financial markets. Our measures of FDI and MP are both based on Ramondo et al. (2015), which
documents the average MP and FDI over 1996-2001 at the country-pair level. MP is defined as the
total sales of affiliates from a given home country. FDI is defined as the stock of capital the parents
invest in the affiliate in the form of equity and intra-company loans. We supplement this data set
with a number of country characteristics, such as their income, business tax rate, restriction on FDI,
and indexes for the quality of financial institution. The appendix provides detailed descriptions
of the data sources and results from additional robustness exercises. Using the data, we document
three facts.

2.1 Correlation Between MP and FDI

Fact 1: MP is systematically correlated with FDI at country-pair level, controlling for extensive
margin variation.

Our first fact speaks to the relationship between the production and financing of affiliates.
Table 1 documents the corresponding results. The dependent variable is log of MP. We use the
Poisson Pseudo Maximum Likelihood estimator to avoid the biases, as recommended by Silva
and Tenreyro (2006). The first column reports the univariate regression of MP on FDI, which has
an R-squared of over 0.7. That MP and FDI are strongly correlated should not be surprising—in
fact, the literature has often used these two as interchangeable measures of MNC activities. We
interpret this correlation as reflecting that affiliate production relies at least partially on financing
from the parent, for either fixed investment or working capital. Of course, since a plant will only
be defined as a foreign affiliate if the foreign ownership of its equity exceeds a certain threshold,
the correlation could be entirely mechanical. In the second column, we control for the number
of affiliates in a host country owned by parents from the home country. The coefficients for both
independent variables are economically significant. Conditional on the number of affiliates, the
more funding the affiliates receive from their parent, the more they produce. To further control for
unobserved heterogeneity, in the third column, we include home and host country fixed effects;

9The restricted version of our model to a closed economy is also related to Buera et al. (2011); Midrigan and Xu (2014);
Moll (2014). Buera et al. (2015) studies in such a framework how a credit crunch affects employment, investment, and
output, but in a closed-economy setting.



Table 1: The Correlation between FDI and MP

@) 2) ©) (4)

Dependent Variable Log (MP)
log (FDI) 0.933***  (0.589***  (0.422***  (0.432***
(0.040)  (0.047)  (0.061)  (0.062)
log (number of affiliates) 0.562°**  0.495***  (0.491***
(0.063)  (0.061)  (0.061)
Observations 2270 2092 1353 1349
R? 0.736 0.878 0.978 0.980
Home country FE Yes Yes
Host country FE Yes Yes
Bilateral distance measures Yes

Note: Bilateral distance measures include: distance between host and home coun-
tries; whether there is a colonial tie between the two; whether two countries share
a border; whether they speak the same language.

The estimation specification is PPML. Robust standard errors in parentheses. *
p <0.10, ** p < 0.05, *** p < 0.01.

in the fourth column we include various measures for bilateral distance. The coefficients barely
change.

The strong correlation between MP and FDI after controlling for the extensive margin varia-
tion is inconsistent with models featuring a perfect financial market—in the absence of frictions,
affiliates can borrow locally, so their real activity should be independent of how much financial
investment they receive from their parents. Instead, it supports a model in which affiliates have
limited capability to raise funding externally. This is in line with findings from firm-level empiri-
cal studies that affiliates rely on access to parents’ internal capital markets.'” Using information at
country-pair level, we show that the patterns hold for the aggregate outcomes, in a large number
of countries.

2.2 Host Financial Institutions and MNC Activities

Fact 2: More FDI are made in countries with a better financial institution; conditional on the
level of FDI, MP in these countries are even higher.

The second fact relates financial market conditions in the host country to financial and produc-
tion activities of MNCs. A large empirical literature finds financial development to be among the
most robust predictors of FDI (see, Desbordes and Wei (2017) and the reference therein). The first
part of Fact 2 confirms this result in our data set.

Following Desbordes and Wei (2017), we use the log of financial development index developed

by the World Bank as our primary measure of financial institution.!! The dependent variable in

19For example, Manova (2013) looks at Chinese exporters and find that MNC affiliates less affected by financial
constraint; Alfaro and Chen (2012) shows that during the global financial crisis, multinational affiliates benefit from
their access to the internal capital market.

HThe index is the sum of two sub components, with the first measuring the depth of credit history info in the
economy and the second measuring the legal protection of creditors’ rights.



Table 2: Host Financial Institution and MNC Activities

) @) ®) Q) ©) (6)

Dependent Variable Log (FDI) Log (MP)
Log (financial development index) 3.189*** 0.589*  0.420* 0.257**
(1.221)  (0.331)  (0.221) (0.122)
Log (FDI) 0.584***  0.600*** 0.586*** 0.370***
(0.064)  (0.065)  (0.065)  (0.038)
Log (credit info depth) 0.246
(0.274)
Log (creditors’ right) 0.274*
(0.156)
Log (number of affiliates) 0.543***
(0.067)
Observations 2840 1833 982 915 982 793
R? 0.250 0.850 0.962 0.960 0.963 0.979
Home country FE yes yes yes yes yes yes
Additional host characteristics yes yes yes yes yes
Bilateral distance measures yes yes yes yes yes

Note: Bilateral distance measures include: distance between host and home countries; whether
there is a colonial tie between the two; whether two countries share a border; whether they
speak the same language. Additional host characteristics include: size (log gdp), average pro-
ductivity, business tax information, and an index for policy restrictions on inward FDI.

The estimation specification is PPML. Standard errors (clustered at host-country level) in paren-
theses. * p < 0.10, ** p < 0.05, *** p < 0.01.

the first two columns of Table 2 is log FDI. The first column includes only financial development
index and home country fixed effects in the regression. The coefficient is economically large and
statistically significant, indicating a strong positive correlation between inward FDI and financial
development. To rule out alternative explanations, in the second column we include host country
characteristics, including size (log gdp), aggregate TFP, business tax rate, whether it is viewed
as low-tax country, index for policy restrictions on inward FDI, and bilateral distance measures.
Not surprisingly, the inclusion of these variables shrink the coefficient, but it is still economically
significant. According to the coefficient, a 10% increase in the financial development index is
associated with a 6% increase in inward FDI.

Columns 3 to 6 of Table 2 report the results on the second part of Fact 2. The dependent
variable in these regressions is MP and the primary variable of interest is financial development. In
Column 3, we include home country fixed effects, bilateral distance measures, and additional host
country characteristics. The coefficient associated with financial development indicates that a 10%
increase in the index is associated with a 4% increase in the production of affiliates, controlling for
total investment from parents. This is consistent with the notion that a better financial institution
allows parent companies to more easily raise capital from local investors—in the form of either
equity or debt—to expand the scale of their affiliates.

The above correlation has several explanations—for example, financially more developed coun-
tries might have more investors abundant in resources, who are willing to lend with relatively less
collateral. Alternatively, Antras et al. (2009) demonstrates theoretically and empirically, countries

with better protection of creditors” right might reassure local investors that the parent company



Table 3: The Effects of Home Financial Development on Outward FDI

1) @) @) 4 )

Dependent Variable Log (FDI) Log (MP)
Log (financial development index) 4.102***  0.968*** 0.290
(1.586)  (0.285) (0.348)
Log (credit info depth) 0.172
(0.578)
Log (creditors’ right) 0.642%**
(0.208)
Log (FDI) 0.752%**
(0.045)
Observations 2947 1717 1616 1717 998
R? 0.249 0.882 0.873 0.885 0.965
Host country FE yes yes yes yes yes
Additional home characteristics yes yes yes yes
Bilateral distance measure yes yes yes yes

Note: See Table 2 for definition of variables. Columns 1 through 4 shows that financial de-
velopment in a home country is correlated with outward FDI. Column 4 shows home country
financial development has no effect on MP, once FDI is controlled for.

The estimation specification is PPML. Standard errors (clustered at home-country level) in
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

will make effort in transferring the technology, increasing local partners” willingness to invest.
While we will not take a stand on the exact channel of operation, consistently with the latter ex-
planation, when we include the two subcomponents of the financial development index separately
in Columns 4 and 5, the effects are statistically stronger for protection of creditors” right than for
the depth of credit history information.

Finally, in Column 6, we include log number of affiliates in the regression. The coefficient
associated with financial development decreases by around a third, but remains statistically and
economically significant, so it seems the channel operates through both extensive and intensive
margin.

In summary, Fact 2 shows that host country financial conditions will affect MP in two ways
both directly by attracting more FDI, and indirectly by allowing these affiliates to scale up. By
showing that the correlations hold on aggregate data across a large number of countries, our anal-
ysis complements that of Antras et al. (2009), which focuses on U.S. MNCs and exploits exogenous

variation in financial development to show a causal effect.

2.3 Home Financial Institutions and MNC Activities

Fact 3: Countries with a better financial institution have a higher level of outward FDI but—
conditional on FDI—not necessarily a higher level of outward MP.

The third fact relates outward FDI to home country financial institutions.'? Columns 1 through

12Desbordes and Wei (2017) also looks at home country financial development on outward FDI by exploiting the
interaction between country-level financial development and sectoral variation in dependence on external finance.
Using bank-firm linked data, Klein et al. (2002) and Biermann and Huber (2018) provides causal evidence that the
collapse in banking sector reduces outward FDI from Japanese and German firms, respectively.
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4 in Table 3 reports the results. The dependent variable is log FDI, and the coefficient of interest
is home financial development. We start with a regression in which the only control variables are
host country fixed effects. The coefficient is economically large but of course, it may simply be
picking up other effects, such as the size of a host country. In the second column, we control for
other host country characteristics including their size, productivity, business tax information, and
an index for policy restriction of FDIL The coefficient diminishes to 0.97 but remains statistically
significant. As before, we further estimate the same specification separately for the two subcom-
ponents of financial development index, and find that legal protection of creditors’ rights seem to
be more important.

Finally, Column 5 can be viewed as a placebo test. It shows that home country financial insti-
tution has no effect on MP, once FDI is controlled for, so home financial institution increase MP
primarily by increasing parent investment.

To summarize, using bilateral data, we document a strong relationship between MP and FDI.
Our results further suggest that both home and host country financial development are correlated
with FDI; but conditional on FDI, only host country financial development are correlated with MP.
In the next section, we develop a quantitative model that are consistent with these facts. In the
Appendix, we show these results are robust to different measures of financial development and
alternative specifications using OLS, and are not driven by a number of small countries.

3 Model

3.1 Endowments, Preferences, and Technology

Time ¢ is discrete and goes from 0 to infinity. There are N countries, indexed by i € I. Each country
is endowed with an exogenous number of workers, denoted by L;;. Workers are immobile, each
supplying one unit of labor inelastically and consuming all their labor income.

Each country also has a continuum of firms. Following a large literature in firm dynamics with
financial constraint (Buera et al., 2011; Midrigan and Xu, 2014; Moll, 2014), we interpret firms as
owned by entrepreneurs and further assume that entrepreneurs have the following preference:

EY flulc), W
=0

where ¢; is the entrepreneurs’ private consumption at period t. Entrepreneurs make operational
decisions to maximize their personal utility. Of course, most MNCs are large corporations which
are owned by not individual entrepreneurs but rather shareholders. In that case, we can think of

the entrepreneur as the CEO of the company, and interpret ¢ as the compensation of the CEO.'

13In modern corporations, CEO are usually incentivized through stock options and bonus. For example, Google
CEO Sundar Pichai made $100.5 million in 2015, among which only $652,500 was salary, and $99.8 million was in
the form of restricted stock, which will vest fully in 2017. In other words, how much a CEO is being paid largely
depends on shareholders” wealth gains. If we assume that the CEO’s compensation is proportional to total dividends
to shareholders, then the incentives of CEO would be largely aligned with that of shareholders, in which case we can
think of u(c;) as utility of the shareholders. When u takes the log form, CEOs being paid a fixed fraction of total
dividends will act in the same way as if they were maximizing shareholder utility.
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Firms differ in their productivity z which follows Markov processes with country-specific con-
ditional density f;(z'|z). A firm in country i can engage in the production of a homogeneous
product and operate its affiliates at different host countries (including the home country 7). The
affiliate with productivity z;, at the host h uses [ units of labor and k units of capital to produce

y = (zak) 1
units of output, with 1 — a € (0,1) being the labor share. We assume that the productivity of an
affiliate depends partially on the productivity of the parent and partially on the host country it
operates in, described by the increasing function z;;, = Z;,(z), with Z;;(z) = z as a normalization.

In the above setting, output is a homogeneous good so there is no scope for trade. As shown in
the appendix, however, this setup is isomorphic to a closed-economy version of an environment
with the CES preference and monopolistic competition, if we model capital stock as the fixed cost
for production of horizontally differentiated varieties. In that alternative model, it is possible to
explore the interaction between trade and FDI policies. Since this interaction is not the focus of
the present paper, we stay with the above simple neoclassical production setting throughout.

3.2 Affiliate Finance and Production

Affiliates hire labor in perfectly competitive host country labor markets and finance their capital
use with funds from the parent firm as well as funds raised from local investors. Because of the
financial constraint at the corporate level, when the shadow price of internal capital is higher
than the local cost of financing, parents have the incentive to use as much fund from the host
country as possible, in either equity or debt. However, regardless of the instruments used, various
imperfections in the financial market and the credit conditions in the host country might limit the
extent to which a parent can rely on funding from the host country.'*

Given our focus on the aggregate FDI and its macro implications, we wish to capture this
force in a simple environment. We assume that to raise each dollar from the host country, an
exogenously given minimum investment from the parent must be made. This is similar to the
‘collateral constraint” setup used in many macro finance models. Without confusion, we will refer
to the funding from host country as local debt, but we interpret this broadly as capture both
debt and equity held by local partners and will pin down the collateral constraint using data that
include both sources. Cross-sectionally, in host countries with better financial institutions, both
the enforcement problem for debt and the agency problem for equity will be less severed, so the
parent could be more dependent on local funds. Over time, financial institutions are unlikely to

14For example, if financed through debt, a standard enforcement problem might arise, forcing the parent to put in
some collateral for borrowing; if financed through equity, an agency problem might exist— the inputs of the parent, who
is the developer and original owner of a production technology, are crucial for successful deployment of the production
technology. Because the inputs, such as the transfer of know-how;, are hard to specify in a contract, if the parent does not
hold enough stake of the affiliate, the incentive for technological transfer will be undermined. Another way of thinking
about this channel is that, because of contractual frictions on parents’ input, there is no perfect market for technology.
A substantial share of affiliates assets must be at parents’ stake for host country investors to be willing to invest. This
mechanism has been examined in a micro-founded model and tested using the data of MNCs headquartered in the U.S.
in Antras et al. (2009).
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change in the short-run, but the availability of credit in a country will also affect the difficulty of
accessing local funding. In quantification, we capture both by allowing this parameter to differ
both across countries and over time, but suppress time subscript for now.

Formally, we assume that given the investment by a parent in a country h affiliate, ¢;, the
amount borrowed by an affiliate from home i at host /, denoted b!, cannot exceed yj, - e, where
tin > 0 captures the maximum ‘leverage” allowed in host country / given the financial institution
and credit market conditions. The maximum capital that can be used is therefore (1 + p;, )ey.

The return from investing is the output plus non-depreciated capital, minus labor cost and
interest expense. Denoting the wage and net interest rate in host h by wj, and r} respectively, for
given ¢, and affiliate productivity z;, = Z;,(z), the parent firm makes the affiliate financing and

production decision to maximize the affiliate-specific return:

Rin(zen) = max y + (1= )k — wnl = (14 )0, 2

sty = [Zp(z)k] 1"
0 < bF < ey
0<k<e,+b".

Cross-border investment projects are characterized by significant frictions, such as the barri-
ers to communications and transfer of knowledge (Keller and Yeaple, 2013), the risk of extortion
by corrupted foreign officials (Wei, 2000) or the expropriation of foreign governments (Thomas
and Worrall, 1994), as well as idiosyncratic risks involved in individual projects. To capture these,
we assume that the parent can seize only a fraction of the return, denoted 7;,R;;(z, e),), with the
remaining ‘melting’ in the repatriation process much like in the ‘iceberg’ trade cost specification.
Nin = finlp, in which 7, is the deterministic component common for all firms from country i
investing in host 1, while ¢, is the idiosyncratic component that is i.i.d. across parents and affil-
iates. The idiosyncratic components capture heterogeneous ‘match” quality between the produc-
tion technology and potential host countries. The literature has documented that MNCs are more
productive than domestic firms and rationalized this with a fixed cost of setting up affiliate so
that the average return from opening up a foreign affiliates increases in productivity (Helpman et
al., 2004). In quantification, we capture this force by allowing 77,,,i # h to be increasing in z and
parameterize this function using firm-level data.

3.3 Parent Firm Finance and Investment

In each period, after seeing the realizations of the investment return shocks from each potential
host country, 11; = (71, i2, .-, in), and the current productivity, z, firms first decide whether to
produce or stay idle for the period. Anidle firm loans out its net worth a at the market interest rate.
An active parent firm, on the other hand, decides whether to borrow risk-free bond domestically
using its net worth as collateral to scale up, and which host country to invest in.

The rate for lending and borrowing in country i is denoted r?. For active firms, the amount
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they can borrow is subject to the collateral constraint
bH S )\iﬁl ,

which says that the external funds cannot exceed A; fraction of the parent firm’s net worth. The
total fund at the parent, a + bH, will then be allocated to affiliates to maximize the total return.

Formally, the Bellman equation for the value function (adding time subscript explicitly) of firm
owners from country i reads

vii(z,m,a) = max ., log(c) + BEv;;+1(Z',q',a") (3)

ca {ey} N b

s.t. Zeh =a+b"
h

—a<bf <Ajy-a
c+ (1/ = ZRih,t(zr eh)mh — (1 —+ T’?,t)bH,
h

where the first constraint says that funds allocated to affiliates should sum to net worth plus
borrowing raised in the home country. The second constraint says that, (1) an idle parent firm can
loan out all, but not more than, its net worth; and (2), funds raised by an active parent firm cannot
exceed the collateral constraint. In the third constraint, 7;,R;,(z, e,) denotes the net return from
investing in host country h, which is net of wages, return to investors in the host country and the
component melt on the way. This constraint says that the total repatriated profit from affiliates are

split among: domestic lenders, retained earnings, and current consumption of firm owners.

3.4 Characterizing Affiliate- and Firm-Level Decisions

In the above problem, firms make a dynamic decision for capital accumulation and a static deci-
sion in allocating investment among host countries. The incomplete-market setting, while natural,
also means that in solving the model, we need to keep track of the joint distribution of (z,a) for
each country. To bring the model to the data, we characterize all firm-level decisions analytically
and provide some aggregation results, under two additional assumptions.

We start by solving for the return and policy functions for each affiliate, specified in Equation 2.
Because both the objective function and the constraint in the problem are homogeneous of degree
one in ey, the affiliate decision and return will be linear in ¢, too, and can be characterized by the

following lemma:
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Lemma 1. The affiliate return defined in (2) satisfies Ry (z, e,) = Ry, (z)ey, where

Ri(z) = max g+ (1= 0)k —w,l — (1+7})bF, @)
bE k,Lj
st 9= [Zp(2)k)

The solutions to (4) satisfy Xi,(z,e,) = Xin(2)ey for X = (bF,k,1,y), where Xy,(z) are solutions to (4)

and can be explicitly characterized by

with the cutoff z3;, determined implicitly by t,(z5,) = 1+ 1% and 71,(zy,) defined as:

+1-6.

11—\ (1-a)/a
mtn(zin) = tXZih( - )

The first part of the lemma specifies that, the affiliate-level total return is simply the return
to each unit of investment times total investment, with the unit-investment return given by the
solution to Equation 4. The second part of the lemma shows that affiliates” decision follow a cutoff
rule: affiliates whose productivity are above the threshold, zj;, will leverage the funding from
local investors to the maximum amount possible; on the other hand, affiliates whose productivity
are below the threshold will choose not to use any funding from the host country. The cutoff is
given by the condition that equals the cost of borrowing, 1 + ¥, to the return from an additional
unit of capital, given by 71, (z;;). The selection channel as in the Melitz model operates here: as the
wage goes up, the cutoff will also increase, so fewer active affiliates will seek funding from local
investors for expansion.

Lemma 1 gives an explicit solution to the affiliates” problem, so we now know Ry, ;(z, e;,) in
Equation 3. However, it still remains a challenge to characterize the solution to the dynamic prob-
lem at the firm-level. Following a large literature in macro economics, we assume the utility

function of firms” owner takes the log form, that is,
Assumption 1. u(c) = log(c).
Under Assumption 1, the solution to Equation 3 can be characterized by Lemma 2, using the

homogeneity property of the problem.
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Lemma 2. The value function of firm owners (Equation 3) satisfies

N 1
0u(z1,0) = Buu(z) + 1 og(a)
for some 0;¢(z,1). Policy functions for consumption and investment satisfy

cit(z,m,a) = Cii(z,m)a, Cir(z,n) = (1 - B)R}(z,n)
a;,(z,m,a) = a;,(z,m)a, &,(z,m) = BR{,(z,7),

where

[l’I‘}lE,iX Rih’,t (Z)ﬂh/] (1 + Ai,t) — (1 + r?,t))\i,t/ lf H}?X Rih’,t(z)qh’ >14+ r?,t

Rii(z,m) = (5)
Y 1+ rzb,t)/ if H}?X Rip ¢ (z)ip < 1+ ”?,t

with Ry, ; defined in Lemma 1.

According to Lemma 2, the value function of a firm owner is the sum of two components,
one depending solely on parent productivity and the idiosyncratic return draws for its potential
affiliates across the world, the other log of a firm’s net worth. Moreover, a fixed share (f) of the
total end-of-period wealth will be reinvested, with the remaining used for consumption. This
end-of-period wealth takes into account the net return firms will be making from either active
production or staying idle loaning out the net worth. Given the linear return structure at the
affiliate level (Lemma 1), it follows that active firms will invest all resource into the most profitable
affiliate, which might be profitable for either fundamental reasons or a lucky (; draw. Given the
collateral constraint at the firm level, if the highest net return is above the cost of borrowing, the
firm will max out the credit allowed (Aj; - a); else, the firm owner will lend the net worth, in which

case the return to wealth is the market interest rate.

3.5 Aggregation

Together, Lemmas 1 and 2 express firms’ decisions as functions of their states (z,a,7;) after the
uncertainty about the idiosyncratic ({;)_, draws has been resolved. Keeping track of the evo-
lution of the net worth distribution in each country and the aggregate FDI between each country
pair requires integrating across firms with all possible realizations of (;))_;, which is in general
a daunting task. To overcome this problem we make the following assumption:

Assumption 2. The CDF for ({;)N_, is given by:'°

G(gl,...,gN) =1- E% [g;e],for @h Z 1, Vh.

h

I5For ease of exposition, we assume the underlying correlated Pareto distribution is standardized, so for any given
parent, draws from different hosts are symmetric. In this setting, 7;;, do not enter the distribution as a parameter but
directly affect the return conditioning on the draws.
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Figure 1: The CDF for E(z)

This distribution is the special case (When p = 0) of the multivariate distribution introduced
in Arkolakis et al. (2017a).!° One attractive property of this distribution is that max;(g,)N_, has
a Pareto tail. As we show below, this will allow us to analytically aggregate across firms with
different ({;,))Y_, draws in the presence of a cutoff in firm policy function.”

Specifically, define E(z) = maxy#yyRiyy(z) = maxy7;, Ry (z){y. From Equation 5, the re-
alization of E(z) determines whether a firm with productivity z will be active and if so, which
destination to invest. The CDF for Z(z), denoted H(¢|z), is given by the following;:

g\ -
H(¢lz) = PT(E(Z) < g) ) (Ri(z)> , for & = Ri(z)
0, for & < R;(z),

— - 1
where R;(z) = max fiwRiy (z), and R;(z) = (N Y (7w Rin (z)]@)
h/

=

Because all {j, draws are greater than or equal to 1, the support of Z(z) is [R;(z), ). Above

R;(z), the distribution of E(z) has a Pareto tail; at R;(z), there is a measure 1 — %(Z) mass point.
i(z)

This measure is zero if R;(z) = R;(z), that is, if all countries offers the same mean return for firms

16In the general distribution, parameter p governs correlation among (Gh)fle, with p — 1 corresponds to higher
correlation and p — 0 the lowest. Because our model captures the correlation in productivity among affiliates of the
same parent through Zj; (z), we interpret {j, as capturing solely the residual idiosyncratic ‘match’ quality between the
parent’s technology and a host country. We therefore assume p = 0.

17That is, these shocks only matter for return if firms decide to be active; and firms only decide to be active, if the
most profitable affiliate generates higher net return than risk-free bond (see Lemma 2). This cutoff renders a widely used
strategy to smooth firm decisions—adding a Frechet shock—intractable, because it is not invariant to truncations. One
way to restore the tractability of the Frechet distribution is to assume that each firm operates a continuum of projects
and each with a draw from the Frechet distribution. Firms make investment decisions before seeing the realizing of the
shocks and then choose the host country for each project. This setup, however, generates the counterfactual predictions
that all firms operate in all host countries; the assumption that upon seeing the realization of the draws, firms still must
carry out all projects is also at odds with reality.
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with productivity z.'®

Given H(|z), we can characterize the aggregate investment decision and return on net worth
for firms with productivity z under two different scenarios. First, firms whose productivity z is
such that R;(z) < 1+ rf’. This is the case illustrated in Figure 1. Firms will stay active if and only
if the realization of Z(z) falls to the right of the vertical blue line. Second, when R;(z) < 1+, in
which case all firms will be active. Lemma 3 summarizes the results:

Lemma 3. Consider the pools of firms with productivity z,
() if Ri(z) < 1+ %, the share of active firms is

[Ri(z)/ (1 + 1)),

The share of active firms investing in host h, denoted by é;,(z), is

éin(z) = [Ri(z)/ (1 + )" xin(2), where xj(z) =

The expected return to the net worth of these firms is

EIR! 2|2 = (1 [Ri(z)/(1+ D)) (1 + 7))

IR/ P (g (T A+ A) = (14 D)),

(i) If Ri(z) > 1+ 1Y, the share of active firms is 1. If the set H = arg max iw Ry (2) is a singleton,

the share of active firms investing in h is

. R. R. o i
éin(z) = {1 ~ L= xn@IR(2)/Ril2)[%, ifh € H, , with xiy(z) defined in part (i).

xin(2)[Ri(z)/Ri(2))°, ifh ¢ H,

The expected return to the net worth of these firms is

E[R!(zn)|z] = (1 - [Ri(2)/Ri(2)]° ) Ri(2) 1+ Ay)
- 6

+ [Ri(z)/Ri(Z)]emfi(z)(l +A) = (L+17)As

The above lemma circumvents the need to integrate across idiosyncratic return shocks in quan-
tification. The first part of the Lemma follows directly from the fact that H(¢|z) has a Pareto tail.

18T see this, note that Prob(E(z) < g) = Prob(gl < 7 Ré-l(z)’@ < 7 Ré_z(z),...,(:N < ﬁ) When { > R;(z) =
i1 25N iN i

maxy 7 Ry (z), we have m > 1, VI/, which is in the support of G, so

¢ ¢ £
Prob<§1 < ﬁﬂRﬂ(Z),éz < ﬁizRiZ(z),""éN < m)

_ g g z B g o\t
_G<€lSﬁﬂRﬂ(Z)'QSﬁ,-zR,-z(z)""’gNSm)_1*( ) _
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The second part needs to, in addition, explicitly consider the firms whose realization of &(z) are
right at the mass point R;(z). The expressions for choice and returns are given for the case when
Ri(z) = maxyy 7y Ry (z) is achieved by only one host. When it is achieved in more than one coun-
try, then a positive measure of firms will be indifferent between hosts, in which case we need to
impose a tie-breaking rule."”

At each period t, the aggregate state of the economy is the joint distribution over (z,a) in each
country i, characterized by joint density functions (®;;(z,a));c;. Since policy functions condi-
tional on z are linear in 4, for aggregation, it is sufficient to track the aggregate net worth by each
productivity level. Formally, define the marginal net worth over productivity as

$it(z) = /Ooo D;1(z,a)da. (6)

The transition of ¢; ;(z) is then given by the following equation:

b (@) = [ (@) BEIRY (2 1) 21fi(2'|2)dz, 7)

where E[R{,(z,1)|z] is explicitly characterized in Lemma 3.

With this, we can express the aggregate objects in the model as follows. In our model, FDI
emerges as within-firm transfer of capital. With the policy functions derived in Lemma 1 and
Lemma 2, and the marginal net worth defined in Equation 6, the aggregate FDI stock from i to h

at time f is

[FDI]ip; = /000 8int(2)Pi(z)dz.

The aggregate multinational production conducted by parent firms from i in host / at time ¢ is
Yint = /000 int(2)8int (2) i (2)dz.
We also write out the total capital in a host /1 by aggregating domestic and foreign investment
Kit =) Kine =) /0 ) i (2)e,(2) i (2)dz,
i i
and total productions

Yie =Y Yins
i

O1n quantitative implementation, however, this does not matter. Unless two hosts & and /' have the exact same
primitives, equilibrium wage, and bond interest rate, 7j;;; Ry (z) crosses 7;,R;,(z),h # h' for only finite values of z.
Because in the quantitative exercise, z will have a continuous density, outside the special case with two identical host
countries—which does not arise in the data—max;, ;5 R (z) can be achieved by more than one country for only zero
measure of firms.
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3.6 Equilibrium

Given an initial distribution of parent firms (®;((z,a)),.;, a competitive equilibrium is a sequence
of (a) wages and bond interest rates, (b) parent firm value and policy functions, affiliate return and
policy functions, and (c) distribution of firms, such that at every period (i) value, return and policy
functions solve firms’ problems; (ii) labor and credit (bond) markets clear in each country; (iii) the
distributions of firms are consistent with the transitions implied by the firms’ policy functions and

the exogenous productivity process.

3.7 FDI, MP, and Financial Market Conditions

We now discuss the model’s predictions on the relationship between financial market conditions
and the two measures of MNC activities—FDI and MP. As country i becomes financially more
developed (or as it experiences a boom in credit markets), accessing external finance will be easier
for both affiliates and parent companies, i.e., y; and A; will both increase. A higher y; allows
productive affiliate to use more external finance, which increases the return to parent investment
in that affiliate. This leads to an increase in inward FDI. A higher A; will have three effects. First, an
increase in A; helps channel credits into the most productive firms, who are more likely to become
MNCs. Second, this reallocation increases the wage and interest rate in the domestic economy,
which pushes domestic firms to invest abroad. Finally, with better access to credits, productive
tirms will be able to accumulate capital faster. Because productivity is persistent, this reallocation
increases the aggregate efficiency and investment of the economy in the long run, resulting in a
higher outward FDI level as well. All three channels imply that financial development is a push
factor for FDL

In addition to connecting FDI and financial market conditions, the model also links FDI with

MP through the following proposition:

Proposition 1. For every (i, h) at period t,

Ying  [FDIlins - Zin ¢
4 = L 8
Yt Ki, ¢ X 10t X Zpt ®)

where levy, ; is the average leverage (total assets / parent financing) of affiliates in host h from home i, Z;y, ;
is the average (production weighted) productivity of affiliates in host h from home i, and Z, ; is the average
productivity of all affiliates in host h.

1{,’:': is the commonly used measure of MP in the literature: share of foreign affiliates in total

domestic production. % measures the share of FDI in total domestic capital stock. Because

affiliates only have a finite capacity to raise external funding, MP share is tightly connected to
FDI share, consistent with Fact 1. However, these two measures are intermediated by two other
components: first, how much local source of financing the affiliates uses, summarized by the
average leverage and ultimately depending on ;. Given FDI share, MP share will be higher
if the host country allows affiliates to leverage more on local financing, consistent with Fact 2,

as well as the empirical finding that inward FDI brings more benefits in countries with a more
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developed financial market (Alfaro et al., 2004). Second, the productivity of these affiliates relative
to indigenous firms also matters: when affiliates are more productive, given the FDI share, MP
share will be higher.

Moreover, note that conditional on the FDI share and the productivity distribution, according
to Equation 8, MP share does not depend on the financial market condition of the host (A;), in line
with the empirical finding from the last Column of Table 3.

3.8 Model Discussion

Before moving into quantitative exercises, we discuss the validity of model assumptions and the
implications if they are violated. One of the key assumptions is that, firms face short-run financial
frictions, so the shadow value of capital differs from the cost of external credits. This assumption
motivates FDI as within-firm capital flow and allows the model to deliver empirically consistent
relationships. Admittedly, the specific way in which we introduce the financial constraint is ad-
hoc, yet as long as some forms of financial constraint exist, the qualitative channel will remain.

One might also be skeptical that whether MNCs, which are typically large conglomerates, still
face financial constraint. In reality, even though large firms can borrow from banks or the bond
market, as their leverage increases, the default risk and agency cost usually leads to a higher cost of
borrowing (Baxter, 1967). Our model captures this idea in a parsimonious way. It is worth noting
that our model only restricts the short-term debt equity ratio. Productive firms can still expand
by accumulating more equity and leveraging it to borrow more. Consistent with our assumption
on the existence of financial constraints, researchers have shown empirically that large multi-unit
firms, both nationals and multinationals, use internal factor market to reallocate resources when
one unit or plant receives a shock (Klein et al., 2002; Almeida et al., 2015; Giroud, 2013; Biermann
and Huber, 2018).2°

Our current setup also abstracts from the fixed cost of setting up foreign affiliates, so the
‘proximity-concentration” tradeoff emphasized in the literature (Brainard, 1997) does not play a
role. Moreover, by assuming each affiliate is an independent producer of a homogeneous good,
the model does not allow for the interaction between affiliates through demand cannibalization
(Tintelnot, 2016). On the other hand, the model incorporates the transfer of technology to affiliate
and the cannibalization between affiliates in their competition for the scarce internal factor (cap-
ital), thus capturing better the ‘brown-field” investment in the form of mergers and acquisitions.
Given that the latter is the dominant form of foreign investment, we view the current framework

as suitable for analyzing aggregate FDI between countries.

4 Accounting for the Dynamics of FDI

Through the lens of the model, we now explore the importance of various fundamental factors
in explaining the dynamics of FDI. We keep Assumptions 1 and 2. Our current framework is

2n particular, Giroud (2013) shows the exogenous improvement in productivity of one plants in a multi-plant firm
lead to a decrease in investment in other plants.
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Figure 2: The Dynamics of FDI
Note: The figure plots outward FDI stocks by our sample countries. The GDP of

U.S. in 2001 is normalized to 1. Source of data: UNCTAD.

flexible on the depth of international bond market integration. Country-specific interest rates
correspond to a segregated world bond market; a common interest rate across countries, on the
other hand, corresponds to a fully integrated bond market. The reality likely lies between the
two polar cases. Given that a large literature in international finance has explored the welfare
consequences of moving from country-specific bond market to a global bond market (Gourinchas
and Jeanne, 2006b), to focus on FDI and its welfare implications, our quantitative exercises will
assume the bond market is fully integrated. In the concluding section, we discuss how the model
can be extended to study the interaction between bond market frictions and FDL

As is well-known, the past two decades saw rapid growth of activities by MNCs. Figure 2
plots the aggregate cumulative outward FDI flow from a number of countries over the period 2001
to 2012 (we normalize the 2001 U.S. GDP to be 1). Two patterns stand out. First, throughout the
sample period, firms from these countries are investing an increasing amount of resources abroad.
The aggregate growth is mainly accounted for by large growth by countries which were already
investing heavily abroad in 2001. For example, the cumulative investment in overseas affiliates
increased by 170% and 90% for MNCs based on the U.S and U.K,, the two largest home country of
MNCs, respectively. In smaller and less developed countries, while the level of outward FDI is not
as significant, the growth rate has been pronounced. Second, the aggregate FDI growth slowed
down since the financial crisis. The U.K. and Germany, for example, see their outward FDI stock
flattening out after 2008.%!

Our model provides a natural starting point to quantitatively decompose the effects of changes
in various fundamental factors, including financial institution for parent companies (A;) and af-

filiates (pip, 1), and firms” average productivity.

21These two patterns are also consistent with the finding by Alviarez et al. (2017) based on sales of affiliates.
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The spirit of our quantification exercise follows that of Eaton et al. (2016). We will pick the
model fundamental parameters and the residual wedges to match the data along a number of
dimensions during the period of 2001-2012 for 36 major developed and developing countries. If
we feed all of these changes into the model, the model will produce time series of GDP, bilateral
investment, credit use, etc., exactly as in the data. We will then switch off changes in certain
fundamental factors to see the contribution of each to the change in FDL

In the appendix, we provide additional information on the data sources and computational al-
gorithm. Below we describe how we pin down the model parameters. Many of our parameters are
jointly identified, but some are more crucial for matching certain empirical target than others, so

we discuss the most direct target for each parameter, before describing our numerical procedures.

4.1 Parameterization
4.1.1 Targets and values

We start with the parameters that are kept constant over time. The entrepreneurs’ discount rate,
B, determines the saving rate. We set B = 0.9, so the world interest rate is 3% at the initial state.
We set capital share & = 0.4 and depreciation rate § = 4.5% based on the average number in the
Penn World Table for our sample countries. The dispersion parameter of the multivariate Pareto
distribution, 6, determines the sensitivity of firms” investment decision to host-country specific
returns. Using variation on international tax, Wei (2000) estimates this elasticity to be 4.6, which is
also the median value according to a recent meta analysis (De Mooij and Ederveen, 2003). We set
f = 5 as a benchmark and experiment with alternative values.
We next parameterize parent firms’ idiosyncratic productivity z to follow the AR(1) process
below:
log(z') = z; + p.log(z) +e¢, )

in which € is a mean-zero innovation term with variance ‘Tez,i and z; is the fundamental productivity
in country i. Using firm-level data, Asker et al. (2014) estimate the productivity process for a large
number of developed and developing countries. We take the median estimate from their sample
of countries and set p, = 0.85, Ug,i = 0.69. We allow Z; to vary over time and will use it to match
the country-level output, so later we will also use notation Z;;.

When an MNC opens an affiliate in a host country, the productivity of the affiliate depends on
not only the productivity of the parent, but also on host-specific factors, such as infrastructures
and knowledge embodied in local firms. We capture this by assuming that the productivity of an

affiliate in country / is the following:
zi(z) = 272;_7, (10)

in which z is the productivity of the parent and 2;11_7 is the aggregate TFP of the host country. We
set v = 0.4 based on a recent estimate by Cravino and Levchenko (2017), using a data set that

covers parents and affiliates in a large number of countries.
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The literature has documented that more productive firms are more likely to become MNCs.
We capture this in a reduced-form way by assuming that the international investment wedge has

a time-invariant component that depends on z:

int(z) = G2, h # 1. (11)

Given the idiosyncratic component of the return shock, the probability a firm finds it optimal to
open an affiliate overseas can be shown to be a log linear function of z, with #, being the corre-
sponding elasticity. This allows us to estimate 7, using a Multinomial Logit specification. Based
on a representative survey of manufacturing firms in a number of countries (Bloom et al., 2012),
we estimate 7, = 0.4.

The remaining parameters are allowed to change over time, and disciplined correspondingly
using time-varying targets. Parameter A; determines to the extent to which a company can use
net worth as collaterals for external borrowing. In the long-run, this parameter depends on the
financial institution of a country, but its short-run fluctuation is likely driven by the availability
of credits in a country. We therefore use A;; to match the time series of credit over GDP ratio in
our sample countries, interpreting its over time change as capturing the evolving credit market
conditions.

Parameter y;;, ; determines the extent to which a parent company can rely on local partners for
finance. Its short-term fluctuations likely depend on the availability of credits in a country. The re-
sponse of p; ¢ to local credit conditions could be potentially different from that of A;;. On the one
hand, affiliates of foreign firms are backed by the reputation of their well-known parents; on the
other hand, they might lack the connection to local financial institutions compared to local-grown
tirms. To allow for differential responses, we discipline y;,; independently with another time se-
ries. Recall that y;;,; pins down the share of an affiliates” balance sheet financed by host country
partners. We use the BEA data to construct the empirical counterpart of this object. Specifically,
the BEA reports the total assets of U.S. affiliates in each country in each year, and the position
of U.S. parents in these affiliates. This allows us to measure the share of affiliates” balance sheet
financed by host-country partners and pin down p;; ;. We construct this ratio for the U.S., using
data from BEA on foreign affiliates in the U.S.

The domestic investment wedge and the remaining component of international investment
wedge determine the evolution of domestic investment and FDI, respectively. We set the capital
stock in each country (Kj;) to the data at the beginning of our sample period. We then use 7;;;
and 7, h # i to match the evolution of domestic and foreign investment, respectively.”” This
procedure ensures that the model matches perfectly the evolution of capital stock in each country
and the distribution of their ownership across home countries.

The labor endowment in each country, L; is set to the effective employment from the Penn
World Table, which takes into account changes in population, labor force participation, and effec-

2In existing studies of closed-economy business cycle accounting (see, e.g., Chari et al., 2007) or open-economy
accounting without FDI (Eaton et al., 2016), only domestic wedges are allowed and domestic capital stocks are used to
pin down this wedge.
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Table 4: Model Parameterization

A: Parameters Calibrated Independently

Parameter Description Target/Source Value
% Capital share PWT 0.4
1 Capital depreciation rate PWT 4.5%
0 Elasticity of FDI w.r.t. return Wei (2000) 5
0z Firm productivity autocorrelation Asker et al. (2014) 0.85
a? Firm productivity innovation variance Asker et al. (2014) 0.69
Y Parent weight in affiliate productivity Cravino and Levchenko (2017) 0.4
1z Relationship between MNC status and productivity Estimated using Bloom et al. (2012) data 0.4
{Li#} Effective employment PWT -
B: Parameters Calibrated in Equilibrium
Parameter Description Target/Source Value
{Ait} Credit market conditions for parent companies Credit/Capital ratio Figure 3
{pnt} Credit market conditions for affiliates Share of affiliates balance sheet financed by parents Figure 3
{Tint } Return wedge for domestic and foreign direct investments  {Kj,;}, {Kins } -
{zit} Fundamental TFP GDP -

tive human capital of labor force.

With the above parameterization, our model matches the aggregate capital and labor input in
each period. To match the evolution of GDP in each country, we can directly adjust the intercept
of firm productivity process, specified in Equation 9. The resulting term, which we label Z;;, could
be thought of as the measured aggregate TFP, absorbing all the variation of output beyond those
of aggregate inputs. But in our heterogeneous firm model, this is different from the fundamental
TFP, z;—in addition to the fundamental TFP, Z;; also captures the changes in allocative efficiency
in response to financial market conditions. For example, in response to increases in A; and iy,
efficient firms will gain market share, resulting in an upward bias in the measured aggregate
TFP. We isolate the fundamental TFP as the aggregate productivity needed to match the aggregate
output, assuming that the relative distribution of capital over firms with different productivities,
@I‘(—Etz), stay at the same level of 2001. Then the measured aggregate TFP change due to the allocative
efficiency is Z; = %.23 In some counterfactual experiments, to understand how fundamental
technological progress affects the dynamics of FDI, we will change Z;;.

Table 4 summarizes the model parameters and how we pin them down. As indicated in the
Table, parameters in Panel A could be pin down externally without solving the model. Parameters
in Panel B are determined jointly. Importantly, in addition to these parameters, the dynamics of
the model also depends on the joint distribution of asset and productivity at the beginning of
the period. Ideally, we would like to measure the joint distribution directly. Without access to a
comprehensive firm-level dataset that covers all countries in our sample, we assume that, for each
country, its density distribution of net worth across productivity is the same as its steady-state

distribution corresponding to the parameters in 2001.%*

23By construction, the contribution of allocative efficiency to the aggregate productivity is zero in 2001.
24Note that we only assume the density is in steady state and then scale the volume of domestic net worth to match
the capital use in the data in 2001, so our calibration does not impose that countries are already in their steady states.
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Figure 3: Measured A;; and iy,
Note: The left panel is the calibrated Aj; the right panel is the calibrated pj;. The dash line

represents the average across the sample countries at any given point in time.

4.1.2 Numerical Procedures

The calibration algorithm works as follows. For a given set of Panel-B parameters, we first solve
for the steady-state joint density distribution between asset and productivity, assuming all param-
eters stay constant at their 2001 values. For that given set of parameters and taking the steady-state
joint distribution as the initial distribution, we then solve for the transitional path of the model. We
compare the moments of the model, such as the credit over GDP ratios, the dynamics of domestic
and foreign investment, etc., along this transition, and adjust parameters until all these moments
match their empirical counterparts during the period of 2001-2012.

In the above process, we need to compute the joint distribution of firms and the transition
of the distribution numerous times. One specific challenge to our context is that, when making
the discrete decisions of whether to stay active and which countries to enter, firms with the same
productivity will have the same probabilistic decision rule. If a set of firms are indifferent be-
tween two decisions, aggregate quantities might be sensitive to the tie-breaking rule imposed. To
avoid this possibility, rather than discretizing the firm productivity distribution, we specity it as
continuous, so that firms with indifference are contained in a zero-measure set. In the Online Ap-
pendix, we describe an efficient numerical algorithm to compute the transition of ¢; ;(z) when the
productivity follows an AR(1) process.

4.1.3 The Path of Financial Market Conditions

Figure 3 plots the calibrated sequences of Aj; (left panel) and yy,; (right panel). The colored curves
highlight selected countries and the dotted line denotes the evolution of the mean value across all
countries. The left panel shows two patterns. First, there is great heterogeneity across countries.
The U.S. has the highest average A;;, with a mean value of 1.2. Turkey, on the other hand, has an

average value of around 0.1. This long-run difference across countries reflects different financial
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market development across countries. Second, the curves show a common pattern across most
sample countries. They are on an upward trend in the first half of the sample period, correspond-
ing to a period of each credit in many countries. Then the trend is met by a sharp downtown
around 2008, mirroring credit crunch since the financial crisis we document. This drop is more
pounced for some countries—for the U.S., for example, A;; declined from its peak value of 1.8 to
1.2 within just two years. Given the reduced-form evidence that links available of funding to FDI,
the credit crunch likely impacts FDI severally. We will explore this quantitatively in counterfactual
experiments.”’

The right panel of Figure 3 plots the evolution of uy; for each host country, which captures
the dependence of foreign affiliates on local partners in financing their investment. Again, host
countries are very heterogeneous along this dimension. The over-time pattern of this variable is
less clear-cut than before, but in many countries, we can still see a decrease in this parameter in
2008.

4.2 Model Validation

We assess the validation of the model by comparing our calibration to some external measures.

421 Measurements of financial market development

The long-run average of A;; and uy, reflect the quality of financial institutions in a country. To the
extent that in countries with better financial institutions, parent firms can more easily borrow and
affiliates of foreign firms can also rely more heavily on local partners, we should expect these two
measures to be correlated. Figure 4 shows this is indeed the case.

In Table 5 we test if the recovered parameters correlate systematically with external measures
of financial development. Each observation is a country. In both columns, the independent vari-
able is the log financial institution index, same as in the main empirical exercise. The dependent
variables are average of A (first column) and p (second column) over the sample period. The re-
gressions show that both measures are strongly and statistically significantly correlated with the

external measure of financial development.

4.2.2 Relationship Between MP and FDI

Through Proposition 1, the model links the two related concepts of MNC activities—production
of their overseas affiliates (MP) and the finance of affiliate production (FDI). Our calibration uses
only information on FDI, but not on MP. We validate the model by testing if the model-implied
relationship between MP and FD], given by Equation 8, holds up in the data. Because both MP
and FDI are well approximated by a gravity equation, directly comparing them will misleadingly

25Exis’cing works have shown that a tightened credit constraint, calibrated to match the decline in aggregate credit
use, can explain the decrease in domestic investment (Buera et al., 2015), but have not studied its implication for cross-
border investment.
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of uj; (vertical axis) against that of Aj;.

Table 5: Correlation Between Calibration and External Measure

D 2)

A p
Log (Financial Institution Index) 0.416***  0.197*
(0.150) (0.117)

Observations 36 36
R? 0.185 0.078

Note: Notes: The dependent variables are the average py; and A

over the sample period. The independent variable is the financial
institution index of a country.

Robust standard errors in parenthesis in parenthesis.

*p <010, " p <0.05 *** p < 0.01.
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Table 6: Determinants MP /FDI Ratio

(1) (2)
Model Data
Log (lev) 1.328*  1.136*

(0.283)  (0.635)
Log (dest TFP/source TFP) -1.386"**  -0.310

(0.098) (0.219)
Observations 36 36
R? 0.861 0.117

Robust standard errors in parentheses
*p < 0.10,** p < 0.05,*** p < 0.01

show close fit. We consider the following transformed equation instead:

MP Share;, ) = log(levy,) — log(f_—h). (12)

log( FDI Shareih Zinh

The left-hand side of Equation 12 is the log ratio between MP and FDI. This ratio increases with
the average dependence on host funding of foreign affiliates and decreases with productivity of
indigenous firms in country & relative to that of foreign affiliates. Since our measure of the host
share of affiliate finance does not vary by home country, we aggregate MP and FDI shares and run
the regression at host country level. In the absence of firm-level affiliate data, we use FDI-weighted
source country fundamental TFP as a proxy for Zj,.

Table 6 reports the results of the test, using both the model-implied ratio between MP and
FDI (first column) and its empirical counterpart (second column). The first column shows that in
the model, the above relationship holds strongly. In addition to having consistent signs, the two
measures also capture most of the variation in the model, as indicated by the high R-squared. The
second column shows that in the data, the affiliate leverage ratio has a positive and statistically
significant effect on the dependent variable, with the point estimate very close to that predicted
by the model. Consistent with the theoretical prediction, the log relative TFP is estimated to have
a negative effect on the outcome variable, as predicted by the model, although the coefficient is

not statistically significant.

4.2.3 Cross-border investment return wedges and their relationship to observables

Our calibration takes the model structure as given and attributes anything not already in the
model to the cross-border investment wedges, which in principle includes both fundamental fric-
tions impeding FDI and mis-specifications of our model. We test if the calibrated wedges are
correlated with measurable frictions and policies.

Table 7 report the results. The dependent variable is the bilateral wedge. Because for some
policies, our measurement is at the beginning of the sample period, with no variation over time,
we take the wedges from the first period only. In Column 1, we examine the extent to which well-

known geographic frictions, such as bilateral distance, common language, colonial tie, affects the
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Table 7: FDI Return Wedges and Measurable Outcomes

) @

log Cin
log distance -0.229***  -0.186***
(0.013) (0.021)
common border 0.010 0.060
(0.043) (0.050)
colonial tie 0.249***  0.246***
(0.047) (0.044)
common language 0.127***  0.180***
(0.035) (0.061)
Low Tax Country 0.329***
(0.072)
profit tax 0.002
(0.003)
In_fdi_restriction_oecd_d -0.391***
(0.136)
log DFD index 0.042
(0.108)
log GDP 0.011
(0.020)
(mean) ctfp 0.651***
(0.163)
Observations 1048 1007
R? 0.770 0.672
Host country fe Yes
Home country fe Yes yes

Notes: robust standard errors in parenthesis
*p <0.10,** p < 0.05,** p < 0.01

bilateral return wedges, controlling for home and destination fixed effects. The results suggest
that increasing the distance between home and parent countries decrease the net return; sharing a
colonial tie or a common language increases the net return, while sharing a common border does
not have a statistically significant impact.

The second column replaces the host country fixed effects by various host characteristics, in-
cluding measures of tax rates and policy restrictions on inward FDI. We find that, while being
labeled as a low-tax country has a significant positive effect, conditional on that, the effect from a
lower profit tax rate is not significant.. This is in-line with that many low-tax countries not neces-
sarily have low statuary tax rates, but instead rely on special subsidies to attract foreign business.
Policy restrictions of the host country on inward FDI also have an economically and statistically
significant effect on the return wedge, consistent with our interpretation of the wedges as residual
variation in frictions and policies not in the model. Finally, financial institution index is no longer
important to explain the residual wedges, suggesting that the effect of host financial development
on inward FDI is entirely captured by the model mechanisms.

Overall, the above exercises show that our model generates consistent predictions with the
data in dimensions not directly targeted. Below we use the model to perform a structural account-

ing exercise.
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Figure 5: Cumulative Outward FDI Flows: 2002-2007
Note: Decomposition by country, 2002-2007.

4.3 Financial Markets and the Patterns of FDI

We examine the role of various ‘fundamental” shocks in accounting for the dynamics of FDI. Em-
pirical studies have found that access to credit has a significant impact on outward FDI, usually
focusing on individual countries using a diff-in-diff design (Klein et al., 2002). Our first set of
counterfactual experiment is to assess whether the calibrated financial shocks can generate signif-
icant impacts on country-specific patterns of FDI. Given the trend break in 2007 (see Figure 2), we
split the counterfactual experiments into two periods: before and after 2007.

4.3.1 FDI Growth During 2001-2007

We examine first the extent to which the easing access to credit in the lead-up to the financial
crisis can account for the increase in FDI during this period. The focus of our investigation is
the outward FDI from each country, shown in Figure 5. Each bar in the figure is for a country;
the height of the bar corresponds to the cumulative net outward FDI flows from 2002 to 2007—
or equivalently, the level increase in outward FDI stock from 2001 to 2007. Consistent with the
increase in aggregate FDI shown in Figure 2, most countries see increasing outward FDI stock
during the sample period. The level increase tends to be higher for larger and more developed
countries—for example, the U.S., the U.K., and France are the top three source countries of FDL

We structurally decompose the cumulative outflow from each country into four components.
To isolate the impact of different shocks, for experiments on country 7, we change only the targeted
parameter of country i, keeping all other parameters for country i and the rest of countries at the
calibrated values.

In the first set of experiments, we set A; to the 2001 value and solve for the counterfactual
transitional path, one country at a time. With the calibrated A;; on the upward trend for most
sample countries during the period, this experiment should reduce outward FDI through the static
and dynamic channels discussed in Section 3.7. The pink bars in Figure 5 demonstrate the strength
of this force for individual countries. More precisely, the height of the pink bar indicates by how
much the outward FDI would have been lower, had A;; stayed at the value of 2001 for country
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i. A positive value indicates the change in A;; between 2001 and 2007 contributes positively to
outward FDI growth; a negative value indicates the opposite. For most countries, the contribution
from home country financial market change is positive, yet the importance of this channel differs.
In the U.S., UK, Israel, and Switzerland, for example, this force alone accounts for half or more
of the FDI increase; in Belgium and Singapore, on the other hand, it hardly matters. Because
the importance of this force in the top FDI sending countries, the sum of the pink bars across all
countries account for around half of world FDI increase during the period.

To gauge the scope of the host-side financial market factors to influence FDI, in the second set
of experiments, we set the i, for affiliates from home country i to the 2001 value for all 1 # i,
while keeping them at the benchmark sequence for affiliate in country h from i’ # i. This exer-
cise captures the impact on FDI through the “pull” force of increasing credit availability in a host
country. The green bars in Figure 5 show that, by making it easier for parent companies to rely on
funding from host country partners, financial market conditions elsewhere could have a quanti-
tatively significant impact on the investment decisions of MNCs. In fact, in some countries, such
as Belgium, foreign financial shocks play a more important role than domestic financial shocks.
Together, the sum across all countries of the influence of home and host country financial market
conditions on outward FDI account for the majority of increase in world FDI, highlighting the
importance of modeling the capital channel in understanding decisions of multinational firms.

In the last set of experiment, we explore the influence of domestic productivity growth on
outward FDL?® The blue bars in the figure indicates the importance of this channel, which differ
significantly across countries. For the U.S., domestic productivity growth plays an important role;
this is not the case in many European countries, such as Spain and France. This heterogeneity
primarily reflects the difference in TFP growth rate across countries.

Finally, the white bars in Figure 5 are the remaining net FDI outflow during this episode after
deducting the above three channels. This term encompassing changes in the investment and FDI
return wedges—which are not formally modeled and could be driven by policy, technology, or

mis-specifications in the model—as well as the interaction among countries.

4.3.2 Slowdown in FDI: 2008-2012

Having shown that the credit boom in the leading-up of the crisis can explain an important share
of outward FDI growth of individual countries, we now investigate the role of the credit crunch
during and immediately after the financial crisis on the slowdown in FDI.

As before, we perform three sets of experiments. Instead of keeping A;;, pj, and Zj; constant at
their 2001 values, however, we feed in the calibrated values until 2007 and freeze them afterwards.
Again, the experiments are performed for one country, one parameter at a time. Our exercises here
are slightly different from before—instead of asking how much the FDI growth can be explained

by each factors in the previous section, the question we ask here is, for example, how much more

Z6Gtatically, more productive firms earn higher net returns on investing overseas; higher domestic wage as a result of
the productive increase also pushes firms to move production abroad; dynamically, firms grower faster and accumulate
more capital.
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Figure 6: Cumulative Outward FDI Flows: 2008-2012
Note: Decomposition by country, 2008-2012.

outward FDI we would see, had A;; stayed at the 2007 peak value.”

Figure 6 present the results. The white bars show the factual cumulative FDI outflow during
2008-2012. The red bars show the additional outward FDI from country i, if A; stays at the value of
2007 for subsequent periods. Eliminating the credit crunch can double outward FDI from the U.S.
and Canada, and increase it by more than 30% in a number of other developed countries. In coun-
tries whose financial market was less interrupted by the crisis, such as China, this counterfactual
barely makes any difference.

The green bars shows that, deteriorations in the financial market in host countries reduce the
incentive for MINCs to invest abroad. As the biggest sending country of FDI, U.S. is the most af-
fected, but this channel is also important for Netherlands, Switzerland, the U.K.—these countries
send a large amount of investment to other EU countries, which were significantly affected by
the European debt crisis. Finally, the blue bars show the role of domestic productivity, which is
minimum in most countries.

Taking stock, the counterfactual exercises show that the changes in financial market conditions
can have significant impacts on the dynamics of outward FDI from individual countries. Country
heterogeneity notwithstanding, financial factors can explain more than half of the cumulative FDI
outflow during 2002-2007; had the access to credit remained at the peak level of 2007, the cumula-
tive FDI outflow during 2008-2012 could almost double.

This result, however, is only partial-equilibrium because it is performed one country at a time,
holding fix the evolution of other parameters of all other countries at the calibrated sequences. In
the next subsection, we investigate the importance of the changes in world-wide financial market

conditions on aggregate FDI.

%7 An alternative to this exercise, which is perhaps more natural given the exercise for 2001-2007, is to construct a
counterfactual path on which FDI will keep the same speed of growth as before, and then decompose the difference
between this counterfactual and the benchmark. The difficulty in implementing this decomposition is that the funda-
mental shocks that lead to a constant FDI growth rate are not unique.
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Figure 7: Cumulative World FDI Flow: Data and Counterfactuals
Note: The figures report the effects of changing A, j, and z on aggregate FDI

4.4 Aggregate FDI Dynamics and the Importance of the General Equilibrium

We analyze the two periods separately. Figure 7a plots the results for the cumulative FDI between
2002-2007. The solid blue line is the data. The solid red line is the counterfactual world FDI, if
for all countries, yup; and A; are kept at their respective 2001 values. In line with findings from
country-specific experiments, if the world economy had not experienced the credit boom, the
aggregate FDI would have grown by less. The difference between the blue and red lines accounts
for about a third of the cumulative FDI flows during this period.

The yellow dash line and gray dash-dotted line focus on the two sub-components of the credit
boom that matters for the parents and affiliates, respectively. These two components contribute
about equally to the growth in overall FDI—without either component, the cumulative FDI flows
during 2002-2007 would have been one-sixth lower. In contrast, the growth in fundamental pro-
ductivity had a negligible effect, as shown by the dotted green line.
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Figure 7b plots similar exercises focusing on 2008-2012, an episode of financial market dis-
ruptions and global FDI slow down. In counterfactual experiments, we feed in the calibrated
sequences of parameters until 2007 and keep the relevant set of parameters constant for subse-
quent years. The blue solid line is the data. The red solid line shows that, had A; and py; all
remained at their peak values in 2007, the cumulative world FDI flow would have been around
40% higher. The yellow dash line and gray dash-dotted line decompose this effect into for parents
and affiliates, respectively. We find that both forces are quantitatively relevant, but the deteriorat-
ing access to credit for parents mattered more towards the end of the period. As before, shutting
down the productivity dynamics has a very minor impact on the aggregate FDL

Together, the above exercises show that the changing financial market conditions play an im-
portant role in explaining aggregate FDI. However, compared to the sum of country-specific re-

sults, the impacts on aggregate dynamics are substantially smaller. To understand the source of
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the differences, Figure 8a plots a few outcome variables corresponding to an experiment in Ger-
many that fixes its A; at 2001 throughout the sample period. The blue solid line indicates that,
without the improvement in the financial market, the cumulative FDI outflows from Germany
would decrease. Because the credit boom in Germany is only moderate, by the end of 2007, the
decrease accounts for around 8% of the cumulative FDI outflow during the period.

This change, however, still overstates the influence on the aggregate FDI for two reasons. The
first is a general equilibrium effect within the German economy: efficient firms are more con-
strained in the absence of the credit boom, which reduces aggregate productivity and wage in
Germany. This attracts more inward FDI, alleviating the decrease in the World FDI. The second
force is a third-country effect. As German firms decrease investment overseas, the labor market in
the destination countries become less competitive, drawing more foreign investment from third
countries. To gauge the strength of these two forces, the red dash line in Figure 8a plots the net
change in the sum of inward and outward FDI in Germany, whereas the yellow dotted line indi-
cated the net change in FDI across all countries. The difference between the blue and red lines is
the strength of the first force; the difference between the red and yellow lines is due to the second
channel. In the case of Germany A;; shock, both forces play a similar role; together, they reduce
the decrease in world FDI by half.

The above analysis focuses on A;; changes in Germany only. Figure 8b shows that the domestic
general equilibrium and third country interactions are important in other countries as well. The
blue solid line in the figure is the sum across the country-specific A;; experiments, each of which
focuses on one country by setting its A;; at the 2001 value, while keeping all other parameters of
the country and all parameters for all other countries as before. The absolute value of the sum
at 2007 is thus equivalent to the sum of all the pink bars in Figure 5. The red dash line is the
sum across all these experiments of the net change in inward and outward FDI for the country of
focus. In 2007, this value is only 60% of the blue curve, indicating a significant domestic general
equilibrium effect. The dotted yellow curve is the sum of the net change in world FDI across all
experiments. The difference between this curve and the dash red curve suggests that the third
country effect is also quantitatively significant. Finally, the gray line corresponds to the change in
world FDI, when Aj; in all countries are set to their 2001 values at the same time. The gray line
shows a bigger decrease than the dotted yellow line—because the changes in financial markets
were largely a global trend, when we fix A;; for all countries, third-country effects from different
countries offset each other. This interaction reduces the third country effect by around half.

In summary, consistent with our analysis on country-specific FDI, we find that the booming
credit market can explain up to a third of the world FDI increase before 2007; in the absence of the
credit crunch in the crisis, the cumulative FDI flow between 2008 and 2012 would be 40% higher.
While still significant, these numbers are much smaller than the sum of impact on individual
countries. These results demonstrate the value of a quantitative general equilibrium framework

in evaluating the effects of various shocks on FDI.

36



5 Welfare Analysis

We now discuss the implications of the model for the welfare gains from MNC activities. Follow-
ing a growing literature on the gains from trade and MP (see, e.g., Arkolakis et al., 2012), we focus

on the ex-post effect. To demonstrate the channels at play, we proceed in two steps.

5.1 The Static Effect

In the first step, we consider the static effects of international integration and compare them to
existing studies of multinational firms. Characterizing analytically the broad impact of a general
policy change is difficult; instead, the following proposition focuses on the wage impact of a spe-
cific type of policy change, which liberalizes inward FDI while keeping outward FDI restricted.

Proposition 2. Assume that the net worth distribution in period t for host country h , denoted ¢y, (z), is
Pareto with tail index v > 1 and that outward FDI from country h is restricted,*® then the contemporaneous

change in workers” wage in country h in response to a change in inward FDI policy is:

Yhht) r-1 <Khht>
Alog(wy) = —aAlog [ —— | +a——Alog | —— |, 13
8(wn,) 8 < Y., N (13)
where 1;”7:’: is the share of production conducted by domestic firms and I;G:: is the share of domestic wealth
used by domestic firms, which can be expressed as:
K 1-
Alog <M’;’”> = —yAlog(rh +5) — ’)/(OC“)Alog(whlt). (14)
ht

The thought experiment considered in Proposition 2 is between two equilibria with different
degrees of inward FDI, which could be the result of, for example, an increase of 77;, for country
h. The restriction on outward FDI is strong and violated in most countries, but it allows us to
focus on inward FDI as a benchmark. Besides this restriction, the thought experiment needs not
take a stand on whether the credit market in country # is integrated with the rest of the world, or
whether this has changed between the equilibria.?’

Equation 13 relates the wage impact to two sufficient statistics. The first, };}‘:: , depends only on

the MP shares and captures the importance of foreign firms. A policy change that makes country
h more attractive to foreign firms will reduce %, which would lead to an increase in wage. This
effect can happen for two reasons, both subsumed in the MP share. First, foreign affiliates might be
much more efficient than the average domestic producer, so their entry might increase aggregate
productivity. Second, given the credit constraint faced by domestic producers, the entry of foreign

tirms increases the capital used in domestic production.

2The former holds exactly if productivity process is i.i.d. and follows Pareto distribution, as in, e.g. Itskhoki and Moll
(2014); the latter holds if a policy restriction makes the return from operating overseas too low, e.g., if {j,;y = 0,Vh' # h.

2 The Pareto distributional assumption is a technical one. With the exit of foreign firms, workers previously working
with them switch to domestic firms. The output of these workers after the switch depends crucially on the productivity
and access to capital of domestic firms, which in turn is entirely captured by ¢;,(z). Under the Pareto assumption, the
above Proposition shows that the wage impacts can be characterized by two sufficient statistics.
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Comparison to Ricardian models of multinational production. In Ricardian models of multi-
national production, knowing the MP shares is sufficient to conduct ex-post welfare evaluations.
However, in our model, conditioning on the MP shares, the composition of the ‘technology” and
‘capital” content of foreign firms also affect the wage gains. This composition effect is captured by
the second term in Equation 13, in which K, ; is the capital used in production by domestic firms
and Wj,; is their net worth. Their ratio is closely connected to inward FDI. Intuitively, if affiliates

rely more heavily on internal funds from their parents (in the form of FDI), then they will use fund
Kt
Wh,f :

The term KW”—I”: enters Equation 13 because it captures the crowding out effect of foreign af-

from partners in country / less intensively, resulting in a higher

filiates in the domestic credit market. An increase in the ratio means that a higher fraction of
entrepreneur net worth is used by indigenous producers and a lower fraction by foreign affiliates
or flow out in the form of bond, so the crowding out effect is weaker.’ Given the MP shares, the
wage gains are higher, if the MP share is driven by either high productivity of foreign affiliates
or parent investment in these affiliates; the wage gains are lower if the affiliates use a lot of credit
from the host country.

This effect can be best understood by inspecting Equation 14, which shows that AI;VL:’: depends
on the equilibrium change in wage and interest rate. If the policy change decreases the interest
rate, then the wage gains for workers will be higher because domestic firms will have a higher
demand for workers; this effect, however, has a negative equilibrium mediating effect—as wage
increases, fewer domestic firms will be active, resulting in lower labor demand hence lower wage.
This second effect is captured by the wage term in Equation 14. Combining Equations 13 and 14,
we can write equilibrium wage change as a function of the MP shares and the change in interest
rate only:

b Yot a(y—1
Alog(wy;) = T A-0- W)Alog ( Yo ) — 7= (1(_ 'y)(l) — a)Alog(rZ +0) (15)
In the special case that country / is a small open economy, the equilibrium interest rate does not
change, so the second term above vanishes. In this case, the MP shares are sufficient for inferring
the wage impacts, as in existing studies. The elasticity for the MP shares depends on both the
capital share, and the Pareto parameter governing the joint distribution of productivity and net
worth, which is different from in, for example, Ramondo and Rodriguez-Clare (2013).31
Comparison to neoclassical models of FDI. In the above special case, the MP share still com-
poses of the ‘technology” and ‘capital’ channel, the latter directly corresponding to the inferred
wage gains from FD], if one were to follow a different tradition of FDI studies that treats it as just
another form of international capital flow (Mundell, 1957; Feldstein, 1995). To see this, note that

30Because the strength of this force depends crucially on domestic firms’ willingness (their productivity) and capacity

(their net worth) to expand, the assumption on the joint distribution of productivity and net worth matters. Under the

Pareto distribution assumption, this channel could be entirely captured by Alé\’]”“’ , with the corresponding elasticity
ht

dependent on the tail parameter of the Pareto distribution .

31This is related to recent findings in international trade that different models might yield the same ex-post gains, but
imply different theory-consistent ways of estimating trade elasticity. See, e.g., Arkolakis et al. (2012) and Melitz and
Redding (2015).
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the equilibrium wage in a host country # is:

Ap K i\ ©
wpy = (1 —a) (#) ,

’

where

°°l%i z)eint(z)Pir(z) .
Ans :Z/ nt(2) Iizt( )it ( )zih(z)dz
i 0 ht

is the average productivity of foreign affiliates and home-grown firms in country h. Thus, fixing
Ly, +, the change in wage between any two equilibria can be decomposed into that from Kj, ; or Ay, 4,

i.e.,
Alog(wy) = aAlog(Aps) + aAlog(Ky, ). (16)

The first component above captures the improvement in productivity distribution because of
technology embedded in affiliates; the second component corresponds to the wage gains in re-
sponse to the increase capital stock. This channel exits despite the world credit market being fully
integrated because domestic firms might lack the collateral to borrow. If measured through the
lens of a neoclassical Model that treats FDI inflow as an increase in capital stock, the static wage
increase as a result of FDI is exactly aAlog(Kj ), so it is clear that this will underestimate the true
wage effect.

We examine the significance of the underestimation and its heterogeneity across countries.
As a baseline, we perform a perhaps extreme experiment in which countries ban foreign firms
from entry. Specifically, for each country /1, we shut down the inward FDI by setting the bilateral
investment return wedge #;,; = 0,Vi # h. We then measure the static gains from inward FDI
by the change in equilibrium wage from the counter-factual equilibrium to the benchmark and
apply the decomposition described in Equation (16). We run this experiment for each country
independently.

Table 8 presents the results for several representative countries for year 2001. The first column
of the table reports the wage gains from inward FDI. Given that we assume the world credit
market is fully integrated, the inferred wage gains in our model is tightly connected to the MP
share. Workers in countries with significant inward FDI, such as Canada and Indonesia, benefits
more. The second column reports the contribution of the capital channel to the wage gains. On
average, the technology channel account for more than half of the welfare gains, so treating FDI
as simply another form of capital flow would significantly underestimate the inferred static gains.

The extent of the bias differs significantly from countries, ranging from 25% for Sweden to
80% for India. This heterogeneity arises because host countries receive investment from different
origins, some more productive than others. In general, countries already with productive firms
benefit less from the technological channel, while the opposite is true for developing countries.

To systematically account for what countries have a higher static gain, and from which chan-

nels, Table 9 regresses the total wage gains and the channels on two country characteristics: their
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capital scarcity, as measured by the ratio between capital stock (excluding inward FDI stock) and
GDP, and their aggregate TFP. The first column shows that countries relative scarce in capital tend
to enjoy a greater benefit. The second and third column relate the gains from the capital and
technology channels to the same set of country characteristics. The coefficient suggests that coun-
tries scarce in capital (holding constant total productivity) tend to benefit more from the capital
channel, whereas countries with a lower productivity tend to benefit more from the technological
channel. This systematic patterns suggests that while focusing only on the capital channel will
lead to underestimation of the wage gains for all, such bias would be larger for less developed

countries.

Table 8: Static Welfare Gains from Inward FDI for Selected Countries

ISO  Alog(wage) Fraction from change in A (%)

ARG 0.08 51.2
CHN 0.08 86.0
CAN 0.16 57.0
GBR 0.14 43.0
IDN 0.17 81.1
JPN 0.01 545
MEX 0.11 63.9
SWE 0.06 23.0
RUS 0.01 76.2
USA 0.04 25.0

Note: Alog(wage) is calculated for year 2001, from the counter-factual equilibrium shutting down a single
country’s inward FDI to the benchmark equilibrium. The last column is the fraction of welfare gains from
embedded technology following the decomposition described by Equation (16). By definition, one minus

the last column corresponds to the fraction of welfare gains from increased capital.

Table 9: Static Welfare Gains and Country Characteristics

Alog(wage) Changein K Changein A

log(K/Y), no FDI -0.241*** -0.321%* 0.0799
(0.0808) (0.128) (0.0523)
log(Host TEP) 0.00287 0.0420% -0.0391***
(0.0247) (0.0244) (0.0143)
Observations 36 36 36
R-squared 0.445 0.548 0.411

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

Note:

5.2 Dynamic Effects

The previous discussion centers on the contemporaneous impact on wage of inward FDI, holding

domestic wealth and its distribution across firms constant. Because the decisions of domestic
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Figure 9: Static v.s Dynamic Gains from the Entry of FDI, China

Note: Static gains are calculated by shutting down the inward FDI to China for each single period. Dynamic gains
are calculated by shutting down the inward FDI to China from year 2001 onward. The dashed curves are based on
extrapolating the calculation assuming economic fundamentals in all countries stay unchanged from year 2012 onward.

tirms will react to the exit of foreign firms, the evolution of wealth and productivity distribution
will also be changed, leading to a dynamic impact. In the second step of the welfare analysis, we
show that once this is factored in, the full dynamic wage impact will differ substantially from the
static effect.

To illustrate this point, we consider two sets of counterfactual experiments for each country.
In the first experiment, we calculate the full dynamic gains from inward from FDI, by solving a
counterfactual equilibrium with #;,; = 0,Vi # h,t > 2001 and comparing the path of wage in
this counterfactual equilibrium to that in the benchmark economy. In the second set of experi-
ments, we calculate the static wage gains from inward FDI, by shutting down inward FDI into
the country at each point in time, assuming up to that point, the world economy has evolved as
in the benchmark economy. For example, the static wage gains for 2006 could be calculated by
letting the economy evolve as before in 2001-2005, and then applying a sudden change by setting
Hin2006 = 0, Vi # h.

Results from these two sets of experiments for China are shown in Figure 9. Panel (a) plots
the wage gains. The black line shows the period-by-period static gains for the ‘in sample” period
(2001-2012). After an increase from 8% to 10% in the first year, the static wage gain has stayed
mostly stable, suggesting that the intensity of inward FDI to China has not increased much. The
red line shows the dynamic gains calculated by solving the transitional path without inward FDI.
Given the nature of this experiment, we can also solve for the gains ‘out-of-sample’ by comparing
the evolution of the counterfactual and factual economies after 2012 (dotted line shows the differ-
ence between these two scenarios). For this out of sample analysis, our assumption is that the TFP
growth of each country converges linearly from their average growth rate between 2001 and 2012
to a long-run growth rate of 2% and all other fundamentals remain the same as in 2012.

By construction, the dynamic wage gains are the same as the static gains in the first period;
subsequently, however, the two curves diverge, with the dynamic gains declining over time and
even turning negative after 2014—the entry of foreign firms might lead to wage loss in the long
run.
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Two channels explain this result. The first is a domestic capital accumulation channel—by
pushing up the domestic wage, foreign firms crowd out the market share of domestic firms. Over
time, this leads to slower capital accumulation of domestic firms, reducing the demand for labor.
Panel (b) of Figure 9 plots period-by-period the change in aggregate capital used by domestic active
tirms after the FDI entry. Domestic capital is crowded out on impact because the entry of foreign
affiliates raises wage in the host country, lowers the return from production, and drives out active
but unproductive firms. The lower return from production also depresses capital accumulation of
active domestic firms, leading to lower net worth in the long run. The significance of such long-
run effect can be shown by comparing the paths of domestic capital between the “‘Dynamic” and
‘Static” experiments. For the case of China, domestic capital could be 20% lower by year 2012 than
if FDI were turned off from year 2002 onward. Domestic capital would be only 4% lower than if
FDI were turned off in year 2012 only.

Second, conditioning on the level of domestic capital, the entry of foreign firms also affects the
distribution of the capital uses across firms, and thus the aggregate productivity. Specifically, on
impact, the entry of foreign firms will drive out some unproductive domestic firms, increasing the
productivity of the economy. This ‘selection” effect, however, dissipates over time—with the wage
higher, the return differentials between productive and unproductive firms narrows. Among the
active firms, the fraction of net worth in the hands of the most productive ones shrinks, so the
allocative efficiency deteriorates and the aggregate productivity decreases.

To demonstrate the importance of this channel, Panel (b) of Figure 9 shows the static impact of
FDI on the aggregate TFP (black), which includes only the ‘selection” channel, and the full dynamic
effect (red). The static channel gradually increases over the sample period, so the “selection” effect
is positive and increasing;*” despite this, because of the dynamic channel, the full effect actually
declines. By 2012, the difference between the two channels account for around 2% of the aggregate
TFP.

A perhaps surprising finding from our experiment is that, the long-run wage impact can be
negative. In particular, standard economic intuition might suggest that, the lower long-run wage
in the FDI equilibrium should have been arbitraged out with inflow of profit-seeking foreign cap-
ital. Two elements of our model, both of which are needed to generate FDI as within-firm capital
flow, are responsible for the reversal. First, the existence of financial frictions. Because of this,
even though the international credit market is fully integrated, firms’ net worth in a period limits
their scale of operation. Second, the imperfect substitution between different host countries for a
given firm. As can be seen from Lemma 3, the elasticity with respect to the return from country h
of the probability that a firm opens up an affiliate in country / is 6. That 8 is finite captures the dif-
ference between FDI and general capital flow—because FDI is tied to technology, the substitution
between different hosts are imperfect.

A natural question, then, is, under what situations will a long-run wage loss occur. In our

model, firms from different countries operate under different credit market conditions and have

32Recall for each ‘Static’ experiment, inward FDI is shutdown for the current period only. Firms’ productivity distri-
bution at the current period thus agrees between the benchmark and no-inward-FDI equilibrium, so the static experi-
ment captures only the selection effect.
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Figure 10: Welfare gains under counter-factual primitives, China
Note: High lambda: the sequence of lambda X2 so it’s close to the US level. Low TFP growth:

fixing the initial level, setting the TFP growth to that of the US.

different productivity growth rates. From the perspective of workers in a country, the growth
rate of wage is tied to the growth rate of labor demand, which in turn depends on the size and
productivity growth rate of the employers. Given that for most countries, domestic firms account
for the bulk of employment, the wage losses would arise, only when the crowd-out effect from
FDI leads to a bigger decline in domestic labor demand than could be made up for by foreign
affiliates. From the above discussion, this is more likely to occur, when the productivity growth of
domestic firms exceeds that of foreign firms. To put in comparative advantage terms, because the
size of domestic firms and foreign affiliates in the future depends on their current market share, to
maximize long-run wage, it makes sense to give market share to firms that are growing faster.”

In our model, the domestic producer as a whole can exhibit faster productivity growth for two
reasons. First, the fundamental productivity might be growing faster; second, the reallocation
process might be more efficient—that is, the domestic financial market is more efficient. Figure 10
shows this is indeed the case.

The exercises in this section demonstrate that the dynamic impacts of FDI differ markedly
different the static impacts. It also shows that to understand the full effects of FDI, it is necessary

to micro-found FDI as within-firm capital flow.

6 Concluding Remarks

This paper integrates two distinct approaches in studies of FDI through a unified model, which
enables us to perform the first quantitative analysis of FDI in a setting where FDI embodies both
technology and capital. We show that financial market conditions play an important role in ex-

330ne implication of our model is that, in this situation, subsidizing domestic firms might be welfare-improving. In
a closed-economy setting with financial frictions and incomplete market, Itskhoki and Moll (2014) shows in terms of
policy implications, this channel is isomorphic to the learning-by-doing externality emphasized in the literature (Young,
1991).
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plaining the dynamics of FDI. We further show that in our setting the welfare implications of FDI
differ substantially from those predicted by existing models.

Our model abstracts from a number of interesting channels. From the micro side, we overlook
potential technological spillovers from foreign to domestic firms, which many empirical studies
find important; aside from financial constraints, we also abstract away from firm-level distor-
tions, which have been documented to be large in many developing countries. With increasingly
available micro-data, these elements could be easily incorporated for a more comprehensive un-
derstanding of FDI. From the macro side, the household sector is deliberately kept simple in our
model. Extending the model to incorporate household saving would allow it to simultaneously
match the dynamics of current account, which consists of mainly portfolio investment, and FDI
flows.** Such an extension can then be used to study the interaction between these two types of
capital flows and the effects of various capital control policies.

34International portfolio investment flows, similar to trade and FDI flows, have been shown to follow a gravity
equation (Portes and Rey, 2005). It is relatively straightforward to introduce the multivariate shock into the households’
portfolio choice problem to allow for partially integrated international bond market.
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Appendix A Data and Facts

This appendix describes the data used in Section 2 and results from additional robustness tests.

Our primary source of data is from Ramondo et al. (2015), which compiles data on bilateral
FDI stock and MINC affiliates sales for a large number of countries. The same dataset also provides
information on various measures of bilateral distance, size of a country. All variables are averaged
over the period of 1996 and 2001. We supplement the above dataset with additional information.
To be consistent in timing, to the extent possible, we average the data over 1996 and 2001. Our
additional sources of data include the following;:

The World Development Indicator: we obtain business tax rate, financial development index and
total credit use from the World Bank Database.

The Penn World Table: we obtain the aggregate TFP (ctfp) and capital stock of our sample coun-
tries from the Penn World Table.

Additional sources: we define tax-heaven indicators based on information from Wikipedia page
for tax heavens.*® According to our reading of the materials, we define the following countries in
our sample to be tax-heaven countries—BRB, PAN, LUX, CHE, SGP, IRL, BHS, and NLD.

Table 10 reports robustness analysis for Fact 2. In Table 2, we use the index developed by the
World Bank to measure financial institutions of a country. A strand of empirical and quantitative
research (Manova, 2013; Buera et al., 2011) uses credit over GDP ratio as the measure for financial
institution. The advantage of this measure is that it is available for a large number of countries
and covers a long time period. The drawback is that, since this measure is an outcome, it captures
not only the financial institution, but also other aspects of the economy. As a robustness test, in
the first column of Table 10 we use this alternative measure. The coefficient associated with log
credit/GDP is 0.24, which is economically and statistically significant.

Second, to rule out the possibility that our finding is driven by a few small outlying country
pairs, in the second column of Table 10, we reports the result from a regression weighted by log
GDP of host countries. The coefficient barely changes. Finally, Column 3 of the table shows that
our results are robust to using least square estimation, as opposed to PPML.

Table 11 reports the robustness tests for Fact 3. As above, the first column use credit over GDP
ratio as the measure for financial development. Column 2 uses the same benchmark specification
as in Table 3, but weights each observation by the size of the home country. Column 3 uses least

square estimations. Our results are robust to these alternative choices.

35The link is https://en.wikipedia.org/wiki/Tax_haven.
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Table 10: Additional Robustness Exercise for Fact 2

(1) ) )

Dependent Variable Log (MP)
Log (Financial development index) 0.422*  0.322**
(0.220)  (0.138)
Log (credit/GDP) 0.244**
(0.112)
Log (FDI) 0.611*** 0.578*** 0.903***
(0.066)  (0.064)  (0.035)
Observations 982 982 1201
R? 0962 0963  0.961
Home country FE yes yes yes
Additional host characteristics yes yes yes
Bilateral distance measures yes yes yes

Note: See Table 2 for definition of variables. The first column is the same as Column 3 in
Table 2, but use Log (credit/GDP) as the measure for financial development. The second
column is PPML weighted by host GDP. The third column is estimated using OLS.
Standard errors (clustered at host-country level) in parenthesis. * p < 0.10, ** p < 0.05,
*** p < 0.01.

Table 11: Additional Robustness Exercise for Fact 3

1) () ®3)

Dependent Varaible Log (FDI)
Log (credit/GDP) 0.895***

(0.225)
Log (Financial development index) 1.005***  1.026**

(0.273)  (0.436)

Observations 1717 1717 1792
R? 0.882 0.885 0.707
Host country FE
Additional home characteristics yes yes yes
Bilateral distance measures yes yes yes

Note: See Table 2 for definition of variables. The first column is the same as Column 3 in
Table 2, but use Log (credit/GDP) as the measure for financial development. The second
column is PPML weighted by home GDP. The third column is estimated using OLS.
Standard errors (clustered at host-country level) in parenthesis. * p < 0.10, ** p < 0.05,
p < 0.01.
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Appendix B Quantification

B.1 Data

The following are additional sources of data in our calibration.

Bilateral FDI We combine two sources, Ramondo et al. (2015) and the bilateral FDI flow from
UNCTAD.

Credit/GDP ratio The data is based on the World Bank Database

Parent position/ asset Based on BEA data. Describe the imputation procedure

GDP per-captia Penn World Table 8.0

Appendix C Theory

C.1 Proofs

Proof of Lemma 2.

Proof. Guess the value function takes the form

vit(z,M,a) = 0;(z,) + Blog(a).

where 9;;(z,1) and B are functions and coefficients to be determined. Plug the guess into the right
hand side of the parent firm’s Bellman equation (3) we have

vit(z,m,a) = max log(c)+ BE[(di41(z,7") + Blog(a))|z] (17)
ca {ep N, bH
Zeh =a+ bH
h
—a<bi < Aip-a

c+ad = Ztht Ynen — (1 —|—rlt)bH.

The firm first solves a portfolio choice problem to maximize total net return on net worth a

R{,(z,y,a) = { r}{rlax ZRW z)npep — (1 + rzt)bH
€n h

s.t. Zeh =a+bH
h

—a<bf < Ait-a.

Since the objective is linear in b and e, if 1 + b iy > maxy Ry (z)ny, the firm chooses to be
idle and loan out all the net worth by setting b'! = —a. If 1 + rlt < maxy Rjy +(z)yyy, the firm
chooses to be active, borrows to the maximum and allocate e, to hosts that attains max;, Ry +(z) .
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If1+ rf’ ; = maxy Rjy 4(z)ny, the firm is indifferent between being idle and active, since both
generate the same returns. Therefore, we have R?,(z,1,a) = R%,(z,n)a with

[mfx Rine(2)1n) (1 4 Aiy) — (1 + r?,t)/\i,tr if max Ripe(z)p > 1+ rzb,t;

(1+77)), if m;?x Ripe(z)n < 147174

Therefore the right hand side of equation (17) reduces to
maxlog(R{;(z,7)a —a') + BE[ (i1 (2", 7") + Blog(a'))|z].

First order condition w.r.t. a’

1 _FB
R{,(z,m)a —a’ o
B
=aq = 1—€ﬁBR?’t<Z'ﬂ)u' (18)

Plug (18) into (17) we have

R%.(z,
(a1, ) = Tog( 251 10g() + BB(031 (2, + BB 1og (25 R e ).

Comparing with guessed functions and coefficients to be determined we have verified B and
?; +(z) that satisfy the following

1+BB=B

RY,(z,
6i(217) = logqfﬁ’;)) + B0 (2 1)z + pBlog (125 RL o))

solve the Bellman equation. Thus we have

and

d = BRY,(z,m)a
¢ = RE,(zn)a—a = (1- B, (z, 7).
O

Before proving Lemma 3, we first characterize several properties of the correlated Pareto dis-
tribution. Some of these properties are also covered in Arkolakis et al. (2017b).

Lemma 4. Suppose { = ({)N_, follows the standarized correlated Pareto distribution with cumulative

48



distribution function (cdf)
1 e I=p -
i [ (Ex[Ea) =1,
Pr(Zy < C1y Cn < 8p) = I
0,if Ihs.t. g, < 1.

Given any constants { Ay }pen s-t. Ay > 0Vh, define & = maxyy Ay

1. The cdf for B is

1—AB7Y, if B> max Ay
h/
Pr(

[z

<B)=
0,ifB < rr}lzfleh/.

1-p

N
where A = (% S A;f") " This immediately implies
Pr(E = maxAy) =1— A° [rr}ﬁlx Ay ~°
2. The bottom truncated mean of E is
LB if B> max A
-1 o

0

- 6
- 9 /79 ! e — ! ) < !
(1-A [H}fleAh] )H}f}XAh + 9_1n}1&/1xAh, ifB < rr}ze}xAh

E[Z|

[x]
[11

> B] =

3. The conditional probability of each choice attaining maximum

AQ/(l—P)
E>B)= %, if B >mz,1xAh/.
Y Ay " h

Pr(arg max Ay

and if H = arg max, Ay is a singleton, then for h € H,

Pr(arg max Aply =h

8= rr}zf/axAh/) =1.

Proof. 1. Consider
Pr(E < B) = Pr(A11 < B,..., Ay, < B)
B
PT’(Cl > Al’ /éh )
1 B

S (TRl )

h/

h/

1 N1
=1- (N ;Aﬁf”) B forB> rr}lz/ixAh/
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If B < max; Ay, then Jh s.t. 2, < 1. Therefore,

B B
Pr(E <B)=P < —, . <—)=0.
7’( = ) T(gl = All /gh =~ Ah) 0
Therefore,
Pr(E =maxAy) = Pr(E <maxAy)— lim Pr(E<B)=1- (l ZA%)I_p[maxA 7°
s == T Brmaxy 4, N h' P

2. For B > maxy Ay, from part 1, VC > B

Pr(E>C|Z > B) = (g)e.

Therefore, Z|E > B follows a Pareto distribution with tail parameter 6 and scale parameter B, and
thus we have

- 6

Since for B > maxy Ay, Pr(2 < B) is continuous in B, we have Pr(E = B) = 0 and therefore

[x]

0
> B] = E[E|E > B] = ——B.

E[=
=] 71

For B < maxj Ay, since Pr(E2 > B) = 1, we have

=Pr(E = rr}l;/axAh/)]E(E\E max Ap) + Pr(E > n}laxAh/) (B|E > max Ap)

=(1-A° [rr}le;x Al max Ay + % max Ap.
3. For B > maxy Ay,
Pr(argrr}laxAhfgh/ =hANE>B)= / Pr(Awly < u,Vh' # h‘Ahgh =u)gy(u)du
' B

where gj, (1) is the marginal distribution of A;,{;,. For u > maxy, Ay,

8Pr(A1§1 <u, Ahgh < C Ah’gh’ < Ll)

Pr(Apw < u,Yh' # h|Apl, = u)gn(u) = oC ’C:u
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Therefore,
o
1 —

Pr(argn}le/leh[h/ hANE > B) Ay ( ZA )p B,

And
Pr(argmaxyy Ay = hANE > B)
/ B>
(argmax Ay B) = Pr( > B)
e
—p
2h ( Y Ay p) B¢
o 1-p
( zeay) e
%
i/
YAy

1- p
where the second equality applies Pr(Z > B) = (l Yo A1 ! ) ~9 from part 1 of the lemma.
If H = arg max; Ay, is a singleton, then consider for 1 ¢ H, we have Aj, < max;, Ay, and

Pr(AhCh rr}laxAh/ N EL mhaxAh/>

< PV(@h = Wl) =0,

. max,s A
since # > 1. Therefore,

Pr(E < rr}ﬁleh/) = ZPr(A;lgﬁ = n}f}XAh' N E< rr}ﬁleh/)
h

heH
Since H is a singleton, for the only element i € H, we thus have
Pr(A,;é’;l = rr}le}xAh/ A E< H}?XAh’) = Pr(E < rr}lz,ax Ah/).

And since Pr(E < maxy Ay) = 0and Pr(E = maxy Ay) > 0 (from part 1) , we have

Pr(argrr}inghrgh/ =h|E = rr}ﬁleh,) =1

Proof of Lemma 3.

Proof. Omit time subscript for short notations. Define & = H}fflx i Riw (2)jy. Notice we have
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1
[2

defined EZ‘(Z) = maxXy ﬁih’Rih’ (Z) and Ri (Z) = (% Zh’ [ﬁih’Rih’ (Z)]6>
1 of Lemma 4 we have

JIf 1417 > Ri(z), apply part

Pr(2>1+10z) = [Ri(z)]%(1 + 1) .
Apply part 3 of Lemma 4 we have the probability of investing in & conditional on being active

Xin(z) = Zi](1711}{112&;12()2))9

Apply part 2 of Lemma 4 we have the return conditional on z

BRI ()] = (1 - [RiCe)/ (1 ) (1) 4 [Ri(e)/ (Lt D (a4 )44 — (47,
E[E|E>141Y 2]

= b
Pr(E<1+7!|z) Pr(E>14+Yz)

This proves part (i).
For part (ii), if 1 + ¥ < R;(z), from part 1 of Lemma 4

Pr(E>1+1z2) =1,

i.e., all firms with productivity z are active.
If set H = arg max iw Ry (2) is a singleton, apply part 3 of Lemma 4 we have

Pr(argrr}lzlix ﬁih’Rih’ (Z)gh’ =h|E = Fi(Z),Z) = 1,
which says that conditional on max, 7 Ry (z) = Ri(z), with probability one the investment

goes to the host that attains the maximum. And we thus have for i € H, the share of active firms

investing in 1

and forh ¢ H,
én(2) = xin(2)[Ri(2) /Ri(2))’".
Apply part 2 of Lemma 4, the return conditional on z

E[R}(z,1)|z] = (1 - [Ri(Z)/E(Z)]G) Ri(z)(1+ M) + [Ri(2) /Ri(2))® 5—=Ri(2) (1 + A1) = (1+17)A

Pr(E=R;(z)|z)
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Proof of Proposition 1

Proof. The proof utilizes constant return to scale production functions and applies a series of defi-
nitions. To shorten notations, we suppress the time subscript throughout the proof.
Define

Yin(z) = éin(z)Pi(z)

the marginal mass of investment in host country & by parent firms with productivity z from home
country i. Define

1— zx) (1-a)/a
Wy

y(wy) = (

output per unit of efficient capital given wage wj,. Then we have

Yin = /OOO Jin(z)éin(2)¢i(z)dz
— [ ka2 @0z

Therefore,
Yin . fo 1ch ]A{h( )Z ()dZ
SV X fy win(2)kin(z)Zu(z)dz
Rewrite
Yin =/ Yin(2)kin (2)2in (z)dz
lPlh() 2 (
A oo / T Rih Z)
_/ lplh , i ( //)dzl/ ></ ]olpll )dzA - /Ifih(z)dz
fO ¢1h Z fo fl) ll’h Z/)dzl Zh(z )dZ
X/ Yin(2')dz
0
And

h—Z/ 110] IA{ Z]h( z)dz

)y
—/ ZlIJ]h Vkin(2)dZ x/ & Z]:UP]]: ;) ]h(( ))dzlzjh(Z)dZ.
j
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Therefore

Yin« fo Iplh Yin(z") i( " dz"
Zj th fo Z] %h ")dz! / fo lpzh(zl)d {2z
lzbzh( ) k (Z
* f[) Yin dZ/ 2] lI]]h (Z) ~
X Zin(z)dz/ d (19)
[/ fO = ll;z]l; = h(z// )dz"" / fo Z] l/)]h ( )dz’ ]h( ) Z}

Notice that from definitions in Section 3.7,

/oo Yin(2')dz = [FDI]y
/ ijh dZ = Kh

~

And [;° flp’hi)kih(z” )dz" is the average leverage of affiliates in host /i from home i, denoted

dz'
by lev;, since klh( z"") is the leverage (affiliate total asset over parent financing) of affiliates from

wlh( )

parent with productivity z”, and T ()i

is the density of affiliates from parent firms with pro-
bin (2 ) P
/0 ‘/’ih dz/ klh( )

fooo e waj;l((zl))dzl ki (2"")dz"

age productivity of affiliates in host & from home i weighted by capital uses, denoted by z;;,. And

f Z] ]11 ]h( ) 5
0 5 X vin(@ ki (2)dz! =

ital uses, denoted by Zy,. With the above (re)definitions of variables, Equation (19) can be rewritten

ductivity z” conditional on entering host h. Similarly, fooo Zin(z)dz is the aver-

(z)dz is the average productivity of all affiliates in host 1 weighted by cap-

as

Yin _ [EDIJ,
Yy Ky

i, z;
x levy, x 2.
Zp

Proof of Proposition 2

Proof. Define

Pin(z) = en(z)Pi(z)

the marginal mass of investment in host country & by parent firms with productivity z from home

country i. Define

1 — IX) (1*0()/0(
Wy

y(w) = (

output per unit of efficient capital given wage wj, and

1 —oc)l/“
Wy,

I(wn) = (
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labor demand per unit of efficient capital given wage wy,.

Since country h is kept to be outward-FDI autarky in that the country is restricted to be operat-
ing domestically only. From Lemma 3, the investing decision of a parent firm in country h reduces
to a threshold rule: the firm borrows to the maximum, operates and invests domestically if z > z;,
and stays idle if z < z;, where z; is determined by

aziy(wy) = 1l + 6.

Using the policy function and aggregate wealth and wealth share distribution defined in Sec-

tion 3.6, the total capital used by domestic firms is
Wi, / $n(2) (1+ Ap)dz = K,
Zp

Plug in the the Pareto pdf ¢ (z) = yz)z71~7 we have

w1 K
2z ) = (20)

From labor market clear we have

b /oo Yin(2)[1 + bin(2))2in(2)dz + Wy /:O $n(2) (1 + Aw)zpn(2)dz]l (wy,) = Ly,

i#h 0

Apply the normalization Z;;, = z, and notice the production conducted by affiliates home 7 in host
his

Vi = y(wn) [ gu(2)[1 + ba2)]zn(2)dz,

and hence we have

Rl Hw
[Z Y, + y(wh)Wh / (])h(z)(l + )\h)ZdZ] ( h) = L. (21)
iZh Jz; y(wp)
Apply the Pareto pdf ¢,(z) = yz)z~!~7 we have
<4 _ Y SY k11—
/ ¢n(z)zdz = Zylzp) 7 (22)
z; Y — 1
Combine (20), (21) and (22) we have
Wh(l—i—)\h)%(ﬁ) Zn
Y, l(wh) = Lh.

S
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Apply the definition of /(wy,) and take log both sides, we have

Cons — %log(wh) + 7;1 log <I;\Zl> —log (?Z’) =0,

where Cons is a constant (notice that W), does not change at the impact of the reform). Moving

from autarky (KW”}’: =1, Yyih” = 1) to FDI openness we have

Alog(wy,) = —alog (@) + txv; ! log (I;\}]’:)

For the case of small open economy, in which interest rate is fixed at r*. The productivity of
the marginal productive firm should satisfy

azpy(wy) =r*+90. (23)

Combine (21), (22) and (23) we have

Apply the definition of I(wy,) and y(wy, ), and take log both sides, we have

11—«

log(wy,) = log (?:)

1
Consy — " log(wy) + (1 —1)
Moving from autarky (% =1, YY—’Z’ = 1) to FDI openness we have

Alog(wy,) =

T (3)
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