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Cross-Border Technology Investments in Recessions

Juliana Yu Sun* Huanhuan Zheng!

Abstract

Utilizing industry-level foreign direct investment (FDI) from 72 source markets to 122 desti-
nation markets between 2003 to 2018, we evaluate the sensitivity of technology FDI to economic
recessions. We find that research and development (R&D) intensive FDI drops when the des-
tination market is in recession and the source market is in a normal state, and recovers to the
pre-recession levels when both destination and source markets are in recession. The result is
particularly pronounced in deep and long recessions, during the propagation stage of recessions,
and in destination markets with stronger intellectual property protection, looser FDI regulation,
and higher financial development. These recession impacts are limited to R&D intensive FDI
between advanced markets: there is no evidence that R&D intensive FDI from or to emerging

markets respond to either destination or source market recessions.
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1 Introduction

How do multinational corporations (MNCs) allocate technology investments during recessions? Tech-
nology investments require considerable amounts of funds not only upon the establishment of new
projects but also throughout the long process of research and development (R&D). When the econ-
omy is booming and business is flourishing, it is relatively easy to finance technology investments
that take a long time horizon to generate returns. During the economic recessions when cash flows
are scare, it is both difficult and costly to maintain large expenditures on R&D. Nonetheless, some
visionary MNC:s strive to sustain R&D even during recessions to boost their comparative advantage
for the next boom. Foreign direct investment (FDI) by MNCs transfers technology and knowledge
across borders. Whether MNCs expand or cut technology FDI during recessions has important im-
plications for technology spillovers and economic recovery, which are crucial for economies that rely
on FDI for growth. Yet how cross-border technology investments respond to recessions is still open
for debate.

Investing in technology during recession is challenging and demanding, a litmus test for gen-
uine industry leaders. In fact, firms generally reduce R&D investment during recessions (Barlevy
2007; Aghion et al. 2012; Fabrizio and Tsolmon 2014). Technology investment is highly risky as the
probability of success is remarkably low. Even if the project is extraordinarily promising, it could
fail if funds are not sustainable in any stage of development. During a recession, corporations typi-
cally freeze hiring or even fire employees to preserve cash flow and strengthen their balance sheets;
while households, concerned about the risk of unemployment, generally reduce consumption and
increase precautionary savings, which reduces aggregate demand. The deterioration of corporate
balance sheets and aggregate demand during recessions further increases the risk of technology in-
vestment. Firms need both strong balance sheets and strategic foresight to invest in long-term projects
that cannot generate immediate cash flows during a recession.

We are interested in cross-border technology investments by MNCs, which represent the most
competitive firms (Helpman 2006) and account for the majority of world’s R&D (UNCTAD 2005).
Compared to their local peers in either destination or source markets, MNCs have higher capacity to
invest in technology during recessions. While local firms face credit constraints in recessions, MNCs
could utilize their revenues generated from markets that are booming to sustain R&D in the recession
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technology FDI. They also have greater flexibility and skills to diversify their risk during recessions.
MNCs typically engage in vertical FDI in several markets to mitigate uncertainty (Aizenman 2003).
It implies that, when a market is in recession, MNCs can switch the production or distribution to
subsidiaries in other markets that are not in recession, which leads to the procyclicality of FDI. If this
is the case, MNCs’ investment decisions are not subject to the constraints and resources of a single
market. It is not clear whether technology FDI is procyclical, acyclical or countercyclical.

Technology FDI could also be countercyclical if creative destruction is in force. Investing in tech-
nology during recessions is risky yet rewarding. Gulati, Nohria, and Wohlgezogen (2010) present
anecdotal evidence that firms that invest comprehensively in R&D and cut operating costs during
recessions have a higher probability of outperforming rivals in their industry after the economy re-
covers. Steenkamp and Fang (2011) and Amore (2015) show empirically that innovation in economic
downturns creates higher impact and value. Intuitively, investing more in technology during a re-
cession paves the way to produce innovative products which meet the rising demand as the market
rebounds. Firms with new technology may exit the recession stronger, and potentially become the
market leaders after the market recovers. When destination and source markets, or in an extreme
case global markets, are in recession, it is difficult to do business anywhere. With falling investment
efficiency, nonprofitable business will be cut or minimized to spare resources and budgets for core
business to strengthen its advantage. To cope with the difficult business environment, some firms may
strategically switch investment to technology to boost future productivity while others may downsize
or even retrieve their investments.

Utilizing the variations in bilateral FDI flows among more than 100 markets across 28 manu-
facturing industries with different R&D intensities, we explore the response of technology FDI to
economic recessions. The key measure of technology is R&D intensity, which is calculated as the ra-
tio of R&D spending to total capital expenditures. In such a context, technology FDI refers to FDI in
R&D intensive industries. We compare the difference in FDI flows to R&D intensive and R&D light
industries during recessions relative to that during normal times. The result shows that R&D intensive
FDI drops when the destination market is in recession, and the source market is not. It is difficult for
a market in recession to attract technology FDI while other markets are normal. We also find that
R&D intensive FDI remains robust when only the source market is in recession. Interestingly, when

both source and destination markets are in recession, R&D intensive FDI is found to bounce back to



the pre-recession levels. The synchronization of recessions in both destination and source markets
may dry out alternative investment opportunities and motivate firms to concentrate resources on R&D
so as to strengthen their competitiveness when the economy recovers. These findings are robust for
FDI between advanced markets (AM)!. We find no evidence that R&D intensive FDI responds to
recessions in emerging markets (EM), be it a destination or a source market.

We further explore R&D intensive FDI in different types of recessions. Our findings indicate that
R&D intensive FDI drops more aggressively when the destination market recession dips deeper and
lasts longer. Deep and long recessions are associated with weak aggregate demand, which reduces
the rents to innovation and therefore discourages R&D investments (Barlevy 2007). Also, when the
destination recession is deep, R&D intensive FDI rises above the pre-recession levels if the source
market switches from a normal state to a recession, which provides evidence for creative destruction.
To test whether different stages of a recession have heterogeneous effects on technology FDI, we
decompose each destination recession into shock and propagation stage, which refer respectively to
the first and subsequent periods of a recession following Samaniego and Sun (2015). We find that
R&D intensive FDI drops in different stages of a recession, but only recovers to pre-recession levels
in the propagation stage. To see whether the impacts of recessions are driven by banking crises
that constraint the credit, we examine the episodes of recession with and without banking crises,
separately. It turns out that R&D intensive FDI drops during a recession even in the absence of
banking crises. The result is consistent with the literature that FDI flows are resilient during financial
crises (Alfaro and Chen 2012).

Interestingly, we find that the response of R&D intensive FDI to recessions varies with destina-
tion market characteristics. In particular, R&D intensive FDI drops more in markets with weaker
institution, looser FDI regulation and higher financial development. The result is intuitive. Weak
institution in intellectual property protection and rules of law reduces the rents accrued to innova-
tors, and therefore discourages R&D investments. Loose FDI regulation facilitates the movements of
FDI, which lowers the cost of downgrading R&D intensive FDI during recessions and expanding it
when the timing is right. In addition, recessions are usually accompanied by contractions in credit
and liquidity, which is particularly severe in markets with high financial development. A greater con-

traction in funding availability then leads to more shrinkage in R&D intensive FDI. In markets with

'AM and EM is defined according to IMF classification. The list of markets in each categories in our sample is
presented in Appendix Table A2.



looser regulation and higher financial development, we also find that R&D intensive FDI restores to
pre-recession levels when the source market is also in recession.

Our results that R&D intensive FDI falls during destination market recessions and rebounds when
the source market falls into recession is driven by the intensive margin (size of FDI project) rather
than the extensive margin (number of FDI projects). The key result remains robust when we replace
FDI with the number of jobs created by FDI. However, the relation between R&D intensive FDI and
recessions cannot be generalized to all aspects of technology. Turning to the intensity of applying
existing technology, we find no evidence that FDI in industries that utilize more robots, information
communication and technology (ICT), or intellectual property products responds to recessions in ei-
ther destination or source markets. Similarly, no evidence is found when using alternative measures
of technology related to total factor productivity (TFP), such as capital depreciation rate, intermediate
intensity and labor intensity. However, we do find FDI in industries with higher investment-specific
technological obsolescence, capital depreciation rate, asset fixity, and skilled labor, drops more ag-
gressively during destination market recessions. The relation between technology FDI and recessions
varies with technological characteristics, suggesting the necessasity to distinguish different aspects of
technology when exploring its roles.

This paper contributes to the literature in three ways. First, we contribute to the literature on global
allocation of R&D activities by documenting the role of business cycles. There is increasing research
interest in how MNCs allocates R&D activities globally. Despite home-country bias (Belderbos,
Leten, and Suzuki 2013), R&D activities have become increasingly globalized since 1990s (Branstet-
ter, Glennon, and Jensen 2019). Berry (2019) argues that competition with industrial rivals motivate
internationalization of R&D activities. Kumar (2001) documents that MNCs are attracted to larger
markets with higher human capital and innovation capacity, which is confirmed by Shimizutani and
Todo (2008) and Siedschlag et al. (2013). We contribute to this strand of literature by documenting
the dynamic patterns of cross-border R&D investments during different stages of the business cycle,
which also vary with different market characteristics.

Second, our work provides new evidence of creative destruction by showing that recessions can
boost R&D intensive FDI under certain conditions. Recessions provide a good opportunity to invest
in technology and upgrade productivity (Schumpeter 1942; Caballero and Hammour 1994; Aghion
and Saint-Paul 1998; Canton and Uhlig 1999; Francois and Lloyd-Ellis 2003). Firms gain compara-



tive advantage investing in technology in recession (Steenkamp and Fang 2011; Gulati, Nohria, and
Wohlgezogen 2010; Amore 2015). Despite the benefits of technology investments in recessions, there
is a lack of causal evidence that firms invest more in technology during recessions. We show that,
conditional on destination market being in recession, R&D intensive FDI increases when the source
market switches from a normal state to a recession. Moreover, when the destination market is in a
deep recession, we find that R&D intensive FDI increases in response to the source market reces-
sion, which raises the FDI above pre-recession levels. Our result implies that deep and wide-spread
recessions could be conditions for creative destruction.

Third, it adds international evidence on the cyclicality of R&D investments. Existing works on the
cyclicality of technology investments typically focus on a single market. Geroski and Walters (1995),
Aghion et al. (2012) and Fabrizio and Tsolmon (2014) document evidence of procyclical R&D in-
vestment in UK, France and US respectively. We generalize their findings to an international context.
Controlling for a comprehensive list of fixed effects that include different combinations of destination
market, source market, industry and time, we rule out the possibility that the result is driven by con-
founding variables, such as push factors, the external forces that drive FDI to the destination markets,
i.e. global business cycles, and pull factors, the internal force that attracts FDI to the destination mar-
kets, i.e. domestic economic growth. We show that the procyclicality of technology FDI is limited to
R&D intensive FDI from AM to AM only. This is consistent with the stylized fact that FDI activities
among AM concentrates on R&D intensive goods (Antras and Yeaple 2014). We find no evidence
that R&D intensive FDI respond to recessions in EM. If there is reverse causality such that the drop in
technology FDI leads to a recession in destination market, we should expect it to be more pronounced
in EM, where FDI accounts for a larger proportion of investment and plays a more important role in
economic growth. The lack of response by technology FDI to EM recessions suggests that the reverse
causality is unlikely to drive our results.

The rest of the paper is organized as follows. Section 2 develops the hypothesis on the cyclicality
of technology investment and discusses its relation with different types of recessions and country
characteristics. Section 3 describes the data and methodology. Section 4 presents the empirical results.

Section 5 concludes.



2 Theory and Hypothesis

2.1 Cyclicality of Technology Investment

During recessions when aggregate demand is weak, the opportunity costs of shifting resources from
production to R&D is relatively low, which encourages investments in technology. A recession shakes
up the economy, challenging the incumbents and rewards the innovators (Schumpeter 1942). Every
time after a recession, some big names disappear while some innovative upstarts rise to reshape the
industry. Creative destruction stimulates investment in technology that fosters long-term productivity
growth (Caballero and Hammour 1994; Aghion and Saint-Paul 1998; Canton and Uhlig 1999). In-
vesting in technology during recession also generates higher impact and value (Steenkamp and Fang
2011; Amore 2015), and increases the likelihood of surviving a recession stronger (Gulati, Nohria,
and Wohlgezogen 2010).

While countercyclical investments in technology could be both socially optimal and strategi-
cally profitable, they may not be attainable for several reasons. First, firms are more likely to face
credit constraints during recessions, which reduces their capacity to finance investment in technology.
Aghion et al. (2012) show that R&D investments are procyclical for firms with credit constraints. A
project, no matter how promising it is, may fail if it is short of funding in any stage of R&D. R&D
takes a long time while the probability of success is low (Hart and Moore 1994). Firms are unlikely
to push through R&D if they become credit-constraint during the recession. Given the long process
and high risk of R&D, despite the reward of investing in a recession, firms that seek to balance risks
and returns may invest in technology during booms when the likelihood of credit constraints is low.

Second, due to the externality of innovation, firms that invest in R&D have only a limited period
to accrue benefits, before rival innovators improve and imitators copy the technology to drive down its
value. Given the limited time available for the innovators to gain from their innovation, firms invest
and commercialize their innovation during the economic booms when the demand is higher (Barlevy
2007). During the recession, the benefits accrued principally to the innovators are relatively limited,
which discourages innovation. Geroski and Walters (1995) and Fabrizio and Tsolmon (2014) provide
empirical evidence of procyclical R&D investment in UK and US, respectively. Although innovations
generate long-term benefits, i.e. enhancing the probability of success and quality of products (Ilyina

and Samaniego 2011), short-sighted firms tend to heavily weigh on their immediate benefits after



the release of their innovation and before others seek to imitate or catch-up. Rapid obsolescence in
technology and weaker intellectual property protection further increases the weights of short-term
gain, which reduces R&D investment during recession (Fabrizio and Tsolmon 2014).

Third, commercializing technology in the recession may worsen unemployment, which is not de-
sirable from policy makers’ perspective. Technology substitutes for routine tasks, such as repetitive
assembly, which can be done by following explicit rules (Autor, Levy, and Murnane 2003). The idea is
supported by empirical evidence from the US (Autor, Levy, and Murnane 2003), UK (Goos and Man-
ning 2007), and international markets (Michaels, Natraj, and Van Reenen 2014). Low-skilled workers,
who are especially vulnerable during recessions, are hit hardest by technology adoption (Acemoglu
and Restrepo 2019). Rising unemployment in a recession is a key policy challenge. Governments are
not only concerned about economic growth but also social well-being, which may motivate them to
downsize investments in technology or delay their commercialization to cope with recessions.

Existing studies on cyclicality of technology investment generally focus on a single market. It
is unclear whether the countercyclical or procyclical forces dominate cross-border technology in-
vestments. MNCs that engage in cross-border investments are among the most competent (Helpman
2006). They are the dominant players in technology investment all over the world (UNCTAD 2005),
which makes exploring how MNCs respond to recessions particularly interesting. On one hand,
MNCs have relatively strong balance sheets and great vision that enables them to invest more coun-
tercyclically than their local peers. On the other hand, MNCs’ investment is not limited to a single
market. They have the flexibility and capacity to direct investments from markets that are in recession
to those that are booming to better profit from business cycles. They can also perform R&D in one
market and commercialize it in another to optimize technology gains in a similar spirit of Francois and
Lloyd-Ellis (2003). We formalize Hypothesis 1 that MNCs invest less in technology during recessions
and let the data tell us whether cross-border technology investments are countercyclical or procycli-
cal. Technology FDI may not only respond to destinations market recessions but also source market
recessions, which affect MNCs’ funding capacity and comparative advantage. We take recessions in

both markets into account in this study.

Hypothesis 1: Technology FDI falls during recessions.



2.2 Different Types of Recessions

The depth and duration of recession matter for investment decisions. Firms are particularly cautious of
investing in technology when recession is long and deep, as they prioritize survivals over profitability.
Many firms would not have survived should the recession dips deeper or lasts longer.

Deeper recessions are associated with tighter credit constraints that hit a larger proportion of
firms. With more firms being credit-constraint and investing procyclically as predicted by Aghion
et al. (2012), investment in technology is expected to decline further in deeper recessions;aggregate
demand gets lower as the recession dips deeper. Given limited time interval of reaping innovation
profit solely by the innovators, the theory of Barlevy (2007) implies that, the deeper the recession is,
the greater the decline of technology investment. Deeper recessions may also enable firms without
credit constraints to gain more market share and move up their rank in the industry faster.

Long recessions consume firms’ internal surplus, erode their balance sheets and weaken their
capacity to finance technology. In recent years, firms mostly finance their technology investment
with internal cash flows and external equity issuance, which co-moves with business cycles (Brown,
Fazzari, and Petersen 2009). The longer the recession is, the greater the supply and the weaker the
demand for such equities, which drags down the equity valuation and reduces the funding available
for technology investment. We therefore expect technology FDI to decline more when recessions last
longer.

At the beginning of the recession, investors are typically uncertain whether the economy would
rebound shortly or fall further. Few may be aware of the recession and act on it when it first starts.
The initial shock can be propagated as the recession evolves. It is not until the recession manifests
itself that most investors realize it and act accordingly. Economic growth is typically lower during
the propagation stage of the recession (Samaniego and Sun 2015). Moreover, installation of new pro-
ductive capital usually takes time, which leads to a lagged response of actual investment to business
cycle (Kydland and Prescott 1982). We therefore expect a greater drop in technology FDI during the
propagation stage, when the perception of the recession is relatively clear.

The response of technology FDI to different characteristics of recessions can be summarized in

Hypothesis 2.

Hypothesis 2: Technology FDI falls more aggressively when recessions are deeper, longer, and

clearer.



2.3 Institution, Regulation and Finance

In markets where intellectual property protection (IPP) is weaker in preventing infringement, innova-
tors have less time to gain from their R&D before the imitation and obsolescence of its technology,
technology investments are further discouraged during recessions (Fabrizio and Tsolmon 2014). Ac-
cording to Acemoglu, Johnson, and Robinson (2005), property rights institutions have a first-order
effect on long-run economic growth and investment. We therefore expect technology FDI to decline
more aggressively during recessions in markets with weaker IPP. Similarly, when the rules of law
(ROL) are weaker in enforcing contract or punishment on infringement, technology investments are
expected to be lower.

In markets with tighter market entry regulation, it would be relatively difficult to respond to busi-
ness cycles by moving capital in and out. Facing high entry barrier, MNCs are likely to seize the
opportunity to invest in the ideal location rather than wait until after the recession. In other words,
technology FDI is expected to be more responsive to recessions when the destination market is more
open.

Financial development promotes economic growth (King and Levine 1993). For a market that is
more financially developed, it is relatively easy to raise funds for technology investments and there-
fore R&D industries grow disproportionately faster (Rajan and Zingales 1998; Ilyina and Samaniego
2011). The greater the degree of financial development, the higher the reliance of technology invest-
ment on external finance (Brown, Fazzari, and Petersen 2009). However, financial markets usually
bear the brunt of recessions, which significantly undermines the funding availability of technology
investments. We expect greater contractions of funding capacity in markets with higher financial de-
velopment during a recession, which leads to a larger decline in technology investments. In contrast,
with a shallower financial market, technology investments do not heavily rely on external finance
anyway and are therefore expected to suffer less during recessions.

The response of technology FDI to different market characteristics can be formalized to Hypoth-

esis 3.

Hypothesis 3: Technology FDI falls more during recessions in markets with weaker institution,

looser regulation and higher financial development.



3 Data and Methodology

3.1 Data
3.1.1 Foreign Direct Investment

The data on cross-border greenfield investment projects are from fDi Markets of Financial times. fDi
Markets collects data primarily from publicly available sources such as newswires, and supplemented
with private market reports. Each observation is cross-referenced against multiple sources, with pri-
mary focus on direct company sources. The dataset reports the name and location of the investor, the
destination, sector, size of the investment project, as well as the number of jobs created for a wide
range of countries over the world. We map the variable “Subsector” in this dataset with 3-digit ISIC
codes revision 2 so as to merge with the industry-level technology measures.

To understand the response of FDI to business cycles across different industries characterized
with heterogeneous technology intensity, we aggregate investments by the destination and source
markets in each year for each industry. We restrict the sample to the manufacturing sector with ISIC
code ranging from 311 to 390 due to the data availability of industry-level technology measures. As
core technology are innovated and applied most intensively in the manufacturing sector, FDI in the
manufacturing sector meet our purpose of understanding technology related FDI. The final sample
covers FDI flows from 72 source markets to 122 destination markets over 28 distinct manufacturing
industries from 2003 to 2018. The quality of this greenfield FDI dataset is endorsed by various issues
of UNCTAD’s World Investment Report (see for example UNCTAD (2019)) and academic research

such as Duanmu (2014) and Aizenman, Jinjarak, and Zheng (2018).

3.1.2 Technology

The core industry-level measure of technology is R&D intensity, the ratio of R&D expenditures to
total capital expenditures. As R&D intensity is stable over time within the same sector and the rank
of sectors in terms of R&D intensity is consistent across countries (Ilyina and Samaniego 2011),
we follow Samaniego and Sun (2015) by using R&D intensity for each of the 28 manufacturing
industries based on US firm-level information averaged over 1970-1999. In particular, R&D intensity
is computed for each publicly traded US firm from the Compustat dataset in each year, and then

average by industry over 1970-1999 to get the industry-level R&D intensity.
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Technological progress is mainly driven by R&D activities. However, broader definition of tech-
nology can also be in the form of applying existing technology or improving total factor productivity
(TFP). We use alternative measures that reflect other aspects of technology in the robustness checks.
The first measure is the industry-level share of robots, calculated as the number of robots used in an
industry as a share of the total robots used in the whole manufacturing sector. The data is from the
International Federation of Robotics (IFR) 2019 reports, which covers the stock of industrial robots
in operation from 2004 to 2018. The industry classification reported by IFR is different from ISIC
revision 2, some industries are disaggregated, while others are not. We first sum the disaggregated
industries to the ISIC level, and then for each sector, compute the median level of robot shares,
calculated as the number of robots used in an industry as a share of the total robots used in the man-
ufacturing sector. For the more aggregated industries in IFR, we sum the FDI according to match
its classifications. We use the industry-level robots share in the US averaged over the period from
2004 to 2018 as the indicator for the depth of automation, again assuming it represents the standard
industry characteristics and are constant across countries.

The second measure of technology application is information and communication technology
(ICT). ICT intensity in each sector is calculated as the ratio of capital expenditure on ICT equipment
to total assets. The third measure of technology is the intensity of intellectual property products,
calculated as the ratio of capital expenditure on equipment related to intellectual property to total
assets. Data on both ICT and intellectual property products are from EU KLEMS and are averaged
over the period of 2008-2015. Because the capital input table EU KLEMS uses more aggregate
classification with only 13 manufacturing industries, we map our FDI data to these broader industries
when exploring these two aspects of technology.

We also follow Ilyina and Samaniego (2011), Samaniego and Sun (2015), and Samaniego and Sun
(2020) to define technology as measures related to the total factor productivity growth. Technological
characteristics are then captured by the features of capital, inputs and labor, which can be summarized

as the follows:

1. Investment-specific technical change measures the rate of decline in the price of capital goods
relative to the price of consumption and services. It is obtained from the BEA industry-level
capital flow tables. This indicator reflects the extent to which technology embodied in capital

goods becomes obsolete (Greenwood, Hercowitz, and Huffman 1997).
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. Investment lumpiness is defined as the average number of investment spikes per firm during
a decade in a given industry, obtained from Compustat. A spike is defined as an annual cap-
ital expenditure exceeding 30% of the firm’s stock of fixed assets (Doms and Dunne 1998).
Samaniego (2010) suggests that investment lumpiness may indicate that a significant portion of
a firm’s capital cannot be transferred (alienated) without destroying its value, and hence, capital

that tends to be adjusted in "lumps" is less suitable as collateral.

. Depreciation is the industry rate of capital depreciation, computed with the BEA industry-
level capital flow tables. Industries that use capital with high rates of depreciation might have
more difficulty raising external funds during recessions since rapidly depreciating capital is less

adequate as collateral.

. Asset fixity is the ratio of fixed assets to total assets, obtained from Compustat. According to
Hart and Moore (1994), non-fixed assets are intangible and thus may be less contractible or

transferable, leading to a sensitivity to credit constraints.

. Intermediate intensity is measured by the difference between gross output and value added, di-
vided by gross output using UNIDO INDSTAT3. Industries that use intermediate inputs more
intensively may be particularly sensitive to international trade conditions since most intermedi-

ate goods are traded internationally.

. Input specificity is the relationship-specificity indicator, measured by the proportion of inputs
that are not sold on an organized exchange or reference-priced in a trade publication, and there-
fore reflects the extent to which this good is dependent on specific relationship. The data is

from Nunn (2007).

. Labor intensity is total wages and salaries divided by the total value added, using UNIDO

INDSTAT3. It measures the overall importance of labor in production.

. Skilled labor measures the intensity of human capital using the average wage bill, i.e., the ratio

of wages over total number of employees from UNIDO INDSTATS3.

. TFP growth is the growth of the technology component from the Cobb-Douglas production
function. It measures the efficiency of utilizing capital and labor. Manufacturing industry

TFP growth data are computed with the NBER-CES Manufacturing Industry Database and use
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Domar weights to aggregate these TFP growth from the SIC classification to the ISIC revision

2.

3.1.3 Recession

We follow Braun and Larrain (2005) in defining recessions as the periods from peak to trough. Using
the Hodrick-Prescott filter, we identify trough as the year when the logarithmic annual real GDP
falls below the trend by at least one standard deviation of the cyclical component of GDP.2 The
peak is identified as the nearest year that precedes the trough and features a detrended GDP that is
higher than that of its previous and posterior years. The dummy variable R; (R;) equals to 1 if the
destination (source) market is in a recession and 0 otherwise.> Annual real GDP is obtained from
World Development Indicators (WDI).

We follow Samaniego and Sun (2015) to decompose the recession into (i) shock (the first year
of a recession); and (ii) propagation (the years following a shock in a given recession). In addition,
the magnitude and duration of recessions could also shape cross-border technology investment. We
further define deep recessions as episodes of recessions in which the magnitude of trough, measured
by the absolute value of the lowest detrended GDP during a recession, is at the deepest 50th percentile
of all recessions. All the others are classified as moderate recessions. Further more, we classify
recessions that last for more than 3 years, the longest 50th percentile of the recession duration, as
long recessions and the rest as short recessions. To differentiate recessions from banking crises, we
also classify the recession episodes according to whether they are accompanied with any banking

crises as indicated by the Systemic Banking Crises Database of Laeven and Valencia (2012).

3.1.4 Macroeconomic Data

Macroeconomic characteristics could affect the MNCs’ decisions regarding technology FDI. Pro-
prietary technology transfers associated with FDI highly depends on IPP. We measure IPP with the
property rights enforcement index developed by the Property Rights Alliance (2008). In a society

where rules of law (ROL) is strong, the rules of society, the quality of contract enforcement, property

2The value of A is 6.25, as recommended for annual data by Ravn and Uhlig (2002).

3The NBER definition of the contraction is similar to ours, except that it is defined using monthly data and that it
excludes the peak, presumably under the assumption that the conditions that lead to the contraction do not coincide with
the peak. We are using annual data out of necessity, so that in general the shock that leads to the contraction will coincide
with the year in which the peak occurs. The alternative of dropping the year in which the peak occurs in general does not
change our results concerning the interaction of contractions with technology, as discussed later.
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rights and laws enhance the protection of the proprietary technology. We obtain ROL from World-
wide Governance Indicators (WGI). To understand how FDI regulation affects MNCs’ investment
decisions, we utilize the FDI restrictiveness index from OECD, which measures foreign equity limita-
tions, screening or approval mechanism, restrictions on the employment of foreigners and operational
restrictions. An alternative regulation measure is the minimum capital as percentage of income per
capita to start a business from the World Bank’s Doing Business data. It is an indicator of entry cost
and reflects the restrictiveness of entry regulation in the destination market. Moreover, technology
investments are sensitive to financial development (Rajan and Zingales 1998; Ilyina and Samaniego
2011), which determines funding availability. We follow King and Levine (1993) in measuring the
financial development by the credit-to-GDP ratio as well as the stock-market-capitalization-to-GDP
ratio from WDL

It takes a long time to change these measures of market-level characteristics substantially. Given
the relative stability of country rank along these variables, we average IPP over the available period
over 2007-2013 and the other measures over 2003 — 2018. Based on the average measures, we
classify the markets into two groups according to whether their measures are higher than the whole

sample’s median value.

3.2 Methodology

We study the differential effects of recessions across industries with varying levels of technology.
The key measure of industry-level technology is R&D intensity (R&D;), the ratio of R&D expendi-
tures to total capital expenditures. To capture a broad aspect of technology, we also employ industrial
technology measure such as ICT, robots, and productivity related characteristics in the robustness
checks. Focusing on R&D aspect of technology, we estimate the following model to evaluate the

response of technology FDI to recessions:

log(l +FDIds,i,t) = ﬁd X RdJ X R&D,; ‘Jl‘ﬁs X Ry X R&D; (D)

+ Bas X Ras X Rgy X R&Dj + 845 + 845.i + Oiy + Eds.is

The variable F' DIy ;, is the bilateral FDI to destination market d from source market s in industry

i at period ¢. Following the convention in literature, we take the log of 1 plus F DIy, as the depen-
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dent variable to deal with zeros in the sample (see for example Aghion et al. 2012). The dummy
variable Ry (R;,) equals 1 during a destination (source) market recession and 0 otherwise. We refer
to all non-recession periods as normal states to facilitate discussion. The comprehensive list of fixed
effects absorbs most compounding factors. The destination-source-time fixed effects, dy;,, absorb
the time-varying interaction between destination and source markets that affect bilateral FDI such
as international relation, trade linkages, and change in comparative advantage in growth potential.
Moreover, 845, captures the effects of push and pull factors that drive and attract FDI to destination
d,* the dynamic motivations of cross-border investment by source market s, and the roles of global
factors such as risk appetite and liquidity on FDI. The destination-source-industry fixed effects, Oy ;,
digests the industry-level variations in bilateral FDI. Industrial structure differs across markets, while
a destination market may attract investment in some industries more than the others, i.e. due to easy
access to inputs or economics of scale, a source market may concentrate in an industry to best uti-
lize its comparative advantage. These variations which may affect FDI are controlled by &4;. The
industry-time fixed effects, §;,, takes care of the time variations or industrial cycles in each industry.
Finally €4 ;, is the error term.

If R&D; is a dummy variable that equals to 1 for R&D intensive industries, it is clear that Eq.(1)
compares the FDI difference between R&D intensive and R&D light industries in recessions with that
in normal times. The coefficient B, represents the effect of the destination market’s recession on R&D
intensive FDI, conditional on the source market being in normal times. Similarly, the coefficient 3;
reflects the effect of the source market recession on R&D intensive FDI, conditional on the destination
market being in a normal state. The coefficient of the triple interaction term 3, records the additional
impact of destination (source) market recession on R&D intensive FDI when both markets fall into
recessions, relative to the scenario when only the destination (source) market is in a recession. In
other words, the impact of destination recession on R&D intensive FDI conditional on the source
market being in recession is recorded by the sum of B; and B;,. Similarly, the effect of source market
recession on R&D intensive FDI conditional on the destination market being in a recession is captured
by the sum of B and B4,. The sum of f;, By and B, captures the response of R&D intensive FDI to
the simultaneous recessions in destination and source markets.

When R&D; is a continuous variable with a higher value corresponding to higher R&D intensity,

“Push factors refer to external forces that drive FDI to destination market such as global liquidity, source market mon-
etary policy, etc. Pull factors are destination market-specific factors such as economic growth, market size, liberalization
that attract FDI to the destination.
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the interpretation of coefficients in Eq.(1) are similar. A negative and statistically significant estimated
coefficient of B; (B;) suggests less FDI to more R&D intensive industry, that is, R&D intensive
FDI falls during destination (source) market recessions. The difference is that the magnitude of the
coefficients now measures the elasticity of FDI to the degree of technology intensity rather than the
growth rate of FDI. To avoid the controversy on which sectors are R&D; intensive and which are not,
we focus on the continuous measures of technology. Similar specifications are adopted by Rajan and
Zingales (1998), Ilyina and Samaniego (2011), and Samaniego and Sun (2015) to evaluate the roles
of recessions and financial development on economic growth.

FDI to AM and EM differs significantly in their motivation and distribution across sectors. For
example, FDI tends to target for technology, knowledge and market size in AM; but, they are attracted
to cheap labor and high growth potential in EM. Similarly, FDI from AM and EM are driven by
different forces. To enhance the comparability between the R&D intensive and R&D light FDI, we
group the destination and source markets by AM and EM and evaluate them separately. From here
onward, technology FDI refers to R&D intensive FDI unless otherwise specified. We turn to explore

other aspects of technology in Section 4.3.2.

4 Empirical Analysis

We first present the baseline results in Section 4.1, where we see that technology FDI falls during
destination recessions and re-bounces when source markets also enter recessions. After document-
ing the basic pattern, we perform heterogeneity analysis in Section 4.2 to understand how recession
types, institution, regulation and financial development shape the relation between technology FDI

and recessions. Section 4.3 checks the robustness of baseline results.

4.1 Baseline results

We explore the impacts of recessions on technology FDI by estimating Eq.(1), which compares the
difference between R&D intensive and R&D light FDI in and out of recessions. The results are
presented in Table 1. Column 1 shows that the coefficient of R; x R&D is negative and statistically
significant, which means that R&D intensive FDI from AM to AM drops when the destination market

is in recession and the source market is normal. Appendix Table A3 shows that the most and least
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R&D intensive industries in our sample are Other Chemicals (ISIC code 352, R&D = 1.95) and
Apparel (ISIC code 322, R&D = 0.02), respectively. The coefficient of R; X R&D in column 1
implies that, during a recession in the destination market and normalcy in the source market, FDI to
Other Chemicals declines by 32% (= —.165 x (1.95 — 0.02)) more than that to Apparel. The result
is consistent with Barlevy (2007) and Fabrizio and Tsolmon (2014) that R&D investments fall during
recessions. This is because recessions are accompanied with weaker demand, which reduces the
reward of R&D and discourages investments in R&D intensive industries.

FDI from AM to AM does not seem to respond to source market recessions when the destination
market is in normal times as the coefficient of Ry X R&D is not statistically significant. Interestingly,
the coefficient of the triple interaction term R; X Ry X R&D is positive and statistically significant.
It suggests that, compared to the scenario when either destination or source market is in recession,
R&D intensive FDI increases when both destination and source markets are in recession. To better
understand the result, we consider two scenarios. In the first scenario, only the source market is in
recession such that Rg = 1 and R; = 0. The coefficient of R; X R&D indicates that the impact of
a source market recession on technology FDI in this scenario is —0.067, which is not statistically
significant. In the second scenario, both destination and source markets are in recession such that
Ry, =1 and R; = 1. The impact of the source market recession on technology FDI in such a scenario
is 0.141, which is calculated as the sum of the coefficients of Ry X R&D (—0.067 x 0.154) and R; X
Ry x R&D (0.208 x 0.154). The impact difference of the source market recession on R&D intensive
FDI between the second and first scenario is 0.208, which is statistically significant at the 5% level. It
means that, FDI increases by additional 20.8% in response to a source market recession for every unit
increase in R&D intensity, when the destination market switches from a normal state to a recession.
More specifically, when a destination market turns into recession, in response to the source market
recession, FDI to the most R&D intensive industry (Other Chemical) increases by an additional 40.1%
(=20.8%x*(1.95—0.02)) more than that to the least R&D intensive industry (Apparel). With a similar
argument, we can show that, when the source market transitions from a normal state to a recession,
FDI increases by an additional 20.8% to the destination market recession for every unit increment in
R&D intensity.

We now turn to analyze the aggregate impact of destination and source market recessions on R&D

intensive FDI respectively, conditional on simultaneous recessions and, in an extreme case, global re-
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cessions. The impact of the destination market recession on R&D intensive FDI, conditional on the
source market being in recession, is 0.043,5 which is not statistically significant. It indicates that,
although R&D intensive FDI falls during a destination market recession, it recovers to pre-recession
levels when the source market also falls into a recession. The impact of a source market recession
on R&D intensive FDI conditional on the destination market being in recession is 0.141,° which is
not statistically significant either. Recall that the coefficient of Ry X R&D is also not statistically
significant, our results suggest that R&D intensive FDI does not respond to the source market reces-
sion, regardless of the stage of business cycle in the destination market. The total response of R&D
intensive FDI to simultaneous recessions in destination and source markets is 0.024,” which is eco-
nomically small and statistically insignificant. It implies that R&D intensive FDI remains resilient
during global recessions. To summarize, R&D intensive FDI from AM to AM drops during a destina-
tion market recession only when the source market is in a normal state, and recovers to pre-recession
levels when the source market is also in a recession.

Columns 2 to 4 of Table 1 report estimation results for FDI from AM to EM, EM to AM, and
EM to EM, respectively. For investments that involve EM, there is no evidence that R&D intensive
FDI responds to the destination or (and) source market recessions. The impacts of recessions on
technology FDI concentrate on AM, which is consistent with the stylized fact that FDI among AM
are primarily on R&D intensive activities (Antras and Yeaple 2014). However, the finding that R&D
intensive FDI to EM is acyclical contradicts with Barlevy (2007) and Fabrizio and Tsolmon (2014),
which focus on the US market. Such a deviation from literature can be driven by the dominance of
vertical FDI in EM (Roy and Viaene 1998), which produces in EM, i.e. to utilize cheap labor or
materials, and sells to international markets. There are greater uncertainties in EM than AM (Gavin
and Hausmann 1998), which motivates MNCs to diversify production in several EM to mitigate risk
(Aizenman 2003). Such arrangements may mute technology FDI’s response to EM recessions. R&D
intensive FDI from EM do not respond to recessions for at least two reasons. First, instead of seeking
for profits, EM may invest for strategic purposes, i.e. acquiring some specific-technology, which is
inelastic. Second, EM are relatively inexperienced in cross-border investments and may not be able

to respond quickly to rising uncertainties in recessions.

31t is calculated as the sum of the coefficients of R; x R&D (—0.165) and R; X Ry x R&D (0.208) as in column 1 of
Table 1.

oIt is calculated as the sum of the coefficients of Ry x R&D (—0.067) and R; X Ry x R&D (0.208) as in column 1 of
Table 1.

"It is calculated as the sum of the coefficients of the three interaction terms.
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Table 1: Technology FDI in recessions.

The dependent variable is log(1 + FDIy; ), where F DIy ; , is the foreign direct investment (FDI) to
destination market d from source market s in industry i at period . The recession dummy variable R;
(Ry) equals to 1 during the destination (source) market recession and 0 otherwise. R&D is the industry-
level R&D intensity, calculated as the ratio of R&D expenditure to the total capital expenditure.
Columns 1 to 4 report the estimation results based on FDI from advanced markets (AM) to AM, AM
to emerging markets (EM), EM to AM, and EM to EM, respectively. Source-destination-industry,
source-destination-year, and industry-year fixed effects are included in all regressions. Heterogeneity
robust standard error clustered by source-destination-industry is reported in the parenthesis. ***, #*
and * denotes significance level at 1%, 5% and 10%, respectively.

(1 2) 3) “4)
AMtoAM AMtoEM EMtoAM EM to EM
R;xR&D -0.165%* -0.034 -0.037 -0.141
(0.072) (0.093) (0.222) (0.235)
RyxR&D -0.067 0.007 -0.042 0.102
(0.060) (0.061) (0.202) (0.338)
Ri X RyxR&D  0.208** 0.043 -0.217 -0.019
(0.103) (0.125) (0.433) (0.540)
Constant 3.054##* 3 538*F**K 2653k F.4T4H%*
(0.008) (0.008) (0.022) (0.017)
Observations 18,970 13,745 1,911 1,684
R-squared 0.452 0.473 0.573 0.543

The heterogeneous response of R&D intensive FDI to recessions in AM and EM mitigate the
concerns of reverse causality. FDI is more important for the economic growth in EM than AM. If our
result is driven by FDI reducing the likelihood of recessions in destination markets, the coefficient
of R; x R&D should be more negative for EM than for AM; however, we find the opposite. The
insignificant response of R&D intensive FDI to EM recessions mitigates the concerns of such reverse
causality. If more FDI leads to a higher likelihood of recessions in destination markets, our results
can only be strengthened after addressing reverse causality. From here onward, we focus on R&D
intensive FDI from AM to AM, which is more general and representative, to explore its response to

recessions.

4.2 Heterogeneity Analysis

So far, we have documented that R&D intensive FDI from AM to AM falls during destination market
recessions, but recovers to pre-recession levels when source markets also fall into recessions. In this
section, we further explore the heterogeneous response of R&D intensive FDI to different types of

recessions and market characteristics in destination markets.
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4.2.1 Different Types of Recessions

Depth of Recessions Deep recessions hit the economy harder than moderate ones. The deeper the
recession, the larger the number of firms that will suffer from credit constraints, the smaller the rents
of R&D, and the lower the technology investments will be (Barlevy 2007; Aghion et al. 2012). To
test whether the response of R&D intensive FDI varies with the depth of recessions, we evaluate
the impacts of deep and moderate recessions on technology FDI separately. We classify episodes
of recession with magnitudes of trough above the 50th percentile of all recessions in AM as deep
recessions and the rest as moderate recessions.

We re-estimate Eq.(1) by replacing R; with R, , alternative definitions of recession specified in
the first row (deep and moderate), while keeping the control group (observations during normal times)
unchanged. The results are presented in Table 2. The dummy variable R;, in column 1 (2) equals
to 1 during deep (moderate) recessions in destination markets and 0 during normal times.® Column
1 and 2 summarize the impacts of deep and moderate recessions on R&D intensive FDI separately.
The coefficient of R;, X R&D is negative in both columns, but only statistically significant at 10%
during moderate recessions. The coefficient of the triple interaction term is positive and statistically
significant at the 5% level in deep recessions (column 1) but not in moderate recessions (column 2).
The baseline result that R&D intensive FDI rebounds when the source market falls into a recession is
mainly driven by deep recessions.

Furthermore, the total impact of the source market recession on R&D intensive FDI, conditional
on the destination market being in a deep recession, is positive and statistically significant at the 5%
level. In particular, the source market recession increases the R&D intensive FDI by 26.3%, which
is calculated as the sum of the coefficients of Ry X R&D and R;, X Ry X R&D. It suggests that a
source market recession enhances R&D intensive FDI only when the destination market is in a deep
recession. The result is consistent with the philosophical argument of Schumpeter (1942) and the
theoretical prediction of Caballero and Hammour (1994), Aghion and Saint-Paul (1998), and Canton
and Uhlig (1999) that recessions provide a good opportunity to invest in technology. Our result
complements existing literature by showing that creative destruction exists under certain restricted

conditions such as deep recessions.

8Rda has no value during episodes of moderate recessions in destination markets.
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Duration of Recessions Some recessions last longer than the others and exert more profound influ-
ences on the economy. It is more difficult for firms to finance investments when facing a long-term
instead of temporary recession. Long recessions exhaust existing resources accumulated during eco-
nomic expansions, making it hard to raise funds both internally and externally. To test whether the
duration of recessions shapes technology FDI, we decompose recessions into long and short reces-
sions. We classify recession episodes that last longer than 3 years (the 50th percentile value in the
duration of all recession episodes in AM) as long recessions, and the rest as short recessions.

We re-define the dummy variable R;, as 1 during a long recession in the destination market and
0 during a normal state, and then estimate Eq.(1) by replacing R; with R; . The results for the
response of R&D intensive FDI to long and short recessions are presented in column 3 and 4 of
Table 2, respectively. The coefficient of R;, X R&D is negative and statistically significant in long
recessions but not in short recessions. It suggests that the baseline result that R&D intensive FDI falls
during destination market recessions is mainly driven by the long recession episodes. Comparing
the coefficients of Ry, X Ry X R&D in columns 3 and 4, we find little difference between long and
short recessions in terms of their additional impacts on R&D intensive FDI when the source markets
switches to recessions. To summarize, long recessions in destination markets reduce R&D intensive
FDI but it is not the key as to why R&D intensive FDI re-bounces during simultaneous recessions in

both destination and source markets.

Stages of Recessions While some investments bear the brunt of recession, others feel the pain only
in the later stages once the recession manifests itself. Economic growth slows down further as the
initial shock is propagated. Typically, only at the propagation stage of the recession does it become
clear that the economy is in fact in recession. We follow Samaniego and Sun (2015) in decomposing
a recession into two stages: (i) shock, the first period of the recession; and (ii) propagation, the
recession periods after the shock. We then estimate Eq.(1) for the shock and propagation stages of
recessions separately and report the results in columns 5 and 6 of Table 2. The coefficient of R, X
R&D is negative and statistically significant at the 10% level in both the shock and propagation stages
of recessions. The coefficient of the triple interaction term is positive and statistically significant
only in the propagation stage. It suggests that, when the source market falls into a recession, the
additional increment of R&D intensive FDI in response to the destination recession concentrates

on the propagation stage. The sum of R;, x R&D and R;, X Ry x R&D is 0.324, which is positive
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and statistically significant at the 5% level. It indicates that source market recession promotes R&D
intensive FDI during the propagation stage of destination market recessions. Our finding supports

creative destruction during the propagation stage of recessions.

Concurrence with Banking Crises Some recessions are accompanied by a banking crisis, which
further tightens the credit constraints, especially when banks hoard liquidity to protect themselves
from unexpected shocks. Hardy and Sever (2020) document evidence that financial crisis, in partic-
ular banking crisis, reduces the number of patents in industries with more credit constraints. To see
whether the baseline results are driven by banking crises, we group the destination recessions into two
categories, one with and one without banking crises and report the estimation results in columns 7 and
8 of Table 2. The coefficient of R;, x R&D in column 8 is negative and statistically significant, which
suggests that, even in the absence of banking crises, R&D intensive FDI falls in response to destina-
tion recessions. Although the coefficient of the triple interaction term is positive in both sub-samples,
neither is statistically significant. It suggests that, unlike the depth of recessions, banking crises are
not the fundamental reason that R&D intensive FDI bounces during simultaneous recessions in desti-
nation and source markets. Since our sample in this subsection is limited to AM whose banking crisis
periods concentrate in 2008 and 2009, it is not surprising that most coefficients are not statistically

significant in column 7 when recessions concur with banking crises in destination markets.

4.2.2 Institution, Regulation and Finance

Institution In this section, we explore whether the response of R&D intensive FDI to recessions
varies with destination market characteristics . Strong intellectual property protection (IPP) increases
rents for innovators, which is expected to encourage technology investment. We classify destination
markets into two subgroups, strong and weak IPP, depending on whether their IPP is above or below
the median value among all AM. Estimating Eq.(1) for each sub sample, we present the result in
columns 1-2 of Table 3. We find that R&D intensive FDI drops during destination market recessions
only for the sub-sample with weak IPP. It is consistent with Fabrizio and Tsolmon (2014) that weak
IPP discourages technology investment. Replacing IPP with the alternative measure of institution,
we find similar results. Strong rules of law (ROL) enforces contract or punishes infringement, which
mitigates imitation and increases the interval during which innovators can reap profits from their

innovation . We repeat the same exercise for ROL and show in columns 3-4 that R&D intensive
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FDI drops more pronouncedly when ROL is weak. To summarize, weak institution depresses R&D
intensive FDI during destination market recessions.

In terms of the coefficient of the triple interaction term, there is no evidence that it differs between
strong and weak IPP (see columns 1 and 2), or strong and weak ROL (see columns 3 and 4). These
results suggest that institution quality has little additional impact when both destination and source

market are in recessions.

Regulation To understand the roles of FDI regulations, we classify destination markets into two
sub-samples, tight and loose regulation, depending on whether their average FDI restrictiveness index
is above or below the median value of all AM in the sample. The results in columns 5 and 6 of Table
3 suggest that only when the FDI regulations in the destination market is relatively loose would R&D
intensive FDI drop during destination market recessions and bounce back when the source market
enters into a recession. Tight regulation on FDI increases the costs of investment timing, which
mutes the response of technology FDI to recession (see column 5). In column 6 for the sub-sample
with loose regulation, the sum of the coefficients of Ry X R&D and R; X Ry X R&D is positive and
statistically significant, suggesting that conditional on destination market in recession, source market
recession boosts R&D intensive FDI in less regulated destination markets.

Measuring the strictness of regulation with market entry instead, we find similar evidence in
columns 9-10. The results suggest that while loosely regulated markets are exposed to procyclical
technology investment, they also attract R&D intensive FDI during simultaneous recessions in desti-
nation and source markets. It appears that the flexibility to invest in a market helps attract technology

FDI during global recessions.

Financial Development To test whether financial development increases the sensitivity of R&D
intensive FDI to recessions, we break destination markets into two sub-samples according to whether
their financial development indicators are above or below the median value. We measure financial
development with (i) credit-to-GDP ratio, and (ii) stock market capitalization as a ratio of GDP. The
estimation results based on both indicators are fairly similar, as shown in columns 9-12 of Table 3. We
find that the sub-sample with high financial development is driving the key result that R&D intensive
FDI falls during destination market recessions and rebounds when source markets enter a recession.

There is no evidence that R&D intensive FDI responds to recessions in the sub sample with low
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financial development.

Financial markets are volatile. Higher financial developments enjoy better access to capital in
booming periods but also suffer a larger capital contraction when the market busts. All else held
the same,, recession reduces the funding availability from markets with higher financial development
more aggressively. Higher financial development thus exerts greater impact on R&D activities that

depend highly on financial access for long-run growth (Ilyina and Samaniego 2011) .

4.3 Robustness Checks
4.3.1 Alternative Measures of FDI

To check the robustness of our main results to alternative measures of FDI, we replace FDI in Eq.(1)
with (1) the average project size; (ii) the number of investment projects; (iii) the number of jobs
created; and (iv) FDI normalized by destination market GDP. Similar to industry-level FDI used in
the main context, all of these measures are aggregated by destination and source markets for each
industry in each period. The estimation results are reported in columns 1 to 4 of Table 4, respectively.
Columns 1 and 2 show that the average project size of R&D intensive FDI drops significantly during
destination market recessions but not the number of R&D intensive FDI projects. It suggests that the
baseline results that R&D intensive FDI drops during destination market recession is mainly driven
by the intensive margin (size of project) rather than the extensive margin (number of projects).
Column 3 shows that the number of jobs created by R&D intensive FDI drops during destina-
tion market recessions and rebounds when source markets switch from normal times to recessions.
The pattern is consistent with the value of R&D intensive FDI in the baseline results. In column 4,
where the GDP-normalized FDI is the dependent variable, the coefficient of R; x R&D is negative
but no longer statistically significant. It suggests that the drop of R&D intensive FDI documented
in the baseline results is proportional to the decline in destination GDP. The coefficients of the triple
interaction term remain positive and statistically significant in column 4, which suggests that R&D
intensive FDI as a ratio of GDP increases when both destination and source markets are in recession.
However, GDP is used to identify recession. Normalizing FDI by GDP is potentially endogenous, so

we will be careful in its interpretation.
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Table 4: Alternative measures of FDI.

The recession dummy variable R; (Ry) equals to 1 during the destination (source) market recession
and O otherwise. R&D is the industry-specific R&D intensity, measured by the average R&D expendi-
ture as a ratio of the total capital spending. The dependent variables in columns 1 to 4 are respectively
(1) project size, measured by the log of 1 plus the average project size; (2) project number, the log of 1
plus the total number of FDI project; (3) job number, the log of 1 plus the total number of jobs created
by FDI; and (4) FDI/GDP, the log of 1 plus FDI normalized by destination market GDP. Only FDI
between advanced markets are included. Source-destination-industry, source-destination-year, and
industry-year fixed effects are included in all regressions. Heterogeneity robust standard error clus-
tered by source-destination-industry is reported in the parenthesis. ***, ** and * denotes significance
level at 1%, 5% and 10%, respectively.

(D 2) 3) “)
Project Size Project Number Job Number FDI/GDP

R;xR&D -0.119%* -0.032 -0.145%* -0.097

(0.058) (0.020) (0.068) (0.075)
RyxR&D -0.040 -0.021 -0.046 -0.064

(0.052) (0.016) (0.053) (0.061)
Rj; X RyxR&D 0.142* 0.045 0.214%*%* 0.216%*

(0.086) (0.029) (0.093) (0.107)
Observations 18,970 18,970 18,970 18,970
R-squared 0.416 0.559 0.490 0.872

4.3.2 Alternative Measures of Technology

Thus far, technology has been measured by R&D intensity. Higher R&D intensity is associated with
greater technology improvement in the future. But broad definitions of technology cover not only the
research and development of new technology, but also applications of existing technology, as well
as factors that can improve total factor productivity (TFP). We check whether the relations between
technology FDI and recessions are unique to R&D or robust to other technological characteristics in
this section.

We first look at the applications of existing technology. Robots have been increasingly used
in the manufacturing sector to automate routine work. Following Acemoglu and Restrepo (2019)
, we measure the degree of automation by the number of robots used in each industry as a share
of the total robots used in the whole manufacturing sector. The intensity of applying ICT in each
industry is calculated by the ratio of expenditure on ICT equipment to total assets. The intensity of
applying intellectual property products in each industry is measured by the ratio of expenditure on
software and other equipment related to intellectual property products to all assets. Greater value of

robot share, ICT intensity and intellectual property products intensity correspond to more intensive
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technology applications. Replacing R&D in Eq.(1) with each of these three measures of technology
applications, we re-run the estimation and present the results in columns 1to 3 of Table 5. There is
no evidence that recessions in either destination or source markets affect FDI to industries with more
intensive applications of existing technology, such as robots, ICT or intellectual property products.’
These results reveal the difference in technology applications and development in shaping FDI during
recessions.

We also broaden technology to measures that could improve the total factor productivity (TFP)
following Ilyina and Samaniego (2011). The growth in TFP could be driven by an improvement in
capital, inputs and labor. From the perspective of capital, we use (i) investment-specific technical
change, which reflects the extent that technology embodied in capital goods becomes obsolete; (ii)
investment lumpiness, the frequency of big investments; (iii) depreciation, the industry rate of phys-
ical and economic depreciation; and (iv) asset fixity, the ratio of fixed assets to total assets. In terms
of inputs, we look at intermediate intensity, the ratio of intermediate inputs over gross output; and
input specificity, which measures the proportion of inputs that are not sold on an organized exchange
nor reference-priced in a trade publication (Nunn 2007). As for labor, we use labor intensity, the total
wages and salaries divided by the total value added; and skilled labor, which measures the intensity of
human capital. A more detailed description on these measures and their constructions can be found
in Ilyina and Samaniego (2011). We also include the TFP growth indicator from Samaniego and Sun
(2020).

The results in columns 4 to 12 of Table 5 show that FDI to industries with higher investment-
specific technical change, input specificity and human capital intensity, falls significantly during des-
tination recessions. However, there is no evidence that other technological characteristics matter
for FDI in recessions. Throughout the various measures of technological characteristics, we find no
evidence of additional impact of simultaneous recessions in destination and source markets on tech-
nology FDI. It suggests that recovery of technology FDI during simultaneous recessions are unique
to R&D intensive FDI. Unlike other technology measures, R&D activities that take longer to harvest,
face high risk and require large amounts of investment during the development process, are extremely

sensitive to aggregate economic fluctuations.

9We also check an alternative indicator of R&D intensity which is measured as R&D expenditure over total sales ratio
from Ngai and Samaniego (2011). The results are similar to our baseline and available upon request. However, because
this measure is affected by markups in an environment with imperfect competition by construction, we need to use it with
caution and do not treat it as a pure technological measure.
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5 Conclusion

This paper studies how MNCs allocate technology investment during recessions. Comparing R&D
intensive FDI with R&D light FDI in recessions relative to normal states, we document evidence that
R&D intensive FDI falls during destination market recessions and recovers to pre-recession levels if
source markets also fall in recessions. These findings are limited to FDI from AM to AM. There is no
evidence that R&D intensive FDI respond to EM recessions. R&D intensive FDI is more responsive to
deeper, longer recessions and during their propagation stages. In destination markets with relatively
weaker institutions on intellectual property protection and ROL, looser FDI regulations and higher
financial development, R&D intensive FDI drops more aggressively during recessions. In particular,
when the destination market is in a deep recession, R&D intensive FDI rises significantly during a
source market recession. Whether technology FDI is procyclical, acyclical or countercyclical depends
on business cycles in both destination and source markets, and more broadly on the global business
cycle. It appears that difficult environments such as global recessions exhaust options for MNCs and

motivates R&D intensive FDI, which fosters creative destruction.
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Appendix

Appendix Table Al: Variable Definitions

Name Definition Source

FDly i, FDI from source s to destination d in industry i at period ¢ fDi Markets

R&D intensity The ratio of R&D expenditures to total capital expenditures. Compustat

Ry Dummy variable that equals to 1 during destination market recession 'WDI, author calculation
Ry Dummy variable that equals to 1 during source market recession 'WDI, author calculation
1PP Intellectual property protection rights enforcement index Property Rights Alliance
ROL Rules of society, the quality of contract enforcement, property rights and laws ~ WGI

FDI restrictiveness index

Foreign entry

Financial Development

Robot

ICT

Intellectual property products

Investment-specific
technical change
Investment lumpiness
Depreciation
Asset fixity

Intermediate intensity

Input specificity

Labor intensity
Skilled labor
TFP growth

Foreign equity limitations, screening or approval mechanism, restrictions
on the employment of foreigners and operational restrictions

Entry costs paid as a share of income per capita
1. Credit-to-GDP ratio
2. Stock market capitalization as a ratio of GDP
The number of robots used in a sector divided by the total robots
in the manufacturing industry

the ratio of capital expenditure on ICT equipment to total assets.

the ratio of expenditure on intellectual property equipments to total assest.
The rate of decline in the price of capital goods relative to the price of
consumption and services

Average number of investment spikes in a given industry

The industry rate of capital depreciation

The ratio of fixed assets to total assets,

The difference between gross output and value added divided by gross output
The proportion of inputs that are not sold on an organized exchange
or reference-priced in a trade publication

Total wages and salaries divided by the total value added

Average wage bill, i.e., the ratio of wages over total number of employees

Growth in the technology component of Cobb-Douglas production function.

OECD

Doing Business

WDI

IFR

EU KLEMS
EU KLEMS

BEA

Compustat
BEA
Compustat

UNIDO

Nunn (2007)

UNIDO
UNIDO

NBER, author calculation
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Appendix Table A2: List of Destination and Source Markets

Source Markets Destination Markets
Advance Markets | Emerging Markets | Advance Markets | Emerging Markets
ISO N ISO N ISO N ISO N
AUS 542 ARG 35 AUS 708 ARG 386
AUT 1,030 BGD 5 AUT 340 BGD 75
BEL 716 BGR 13 BEL 688 BGR 396
CAN 1,087 BRA 289 CAN 768 BRA 1,214
CHE 2,013 CHL 64 CHE 334 CHL 238
CHL 64 CHN 1,769 CHL 238 CHN 2,979
CZE 136 COL 26 CZE 621 COL 326
DEU 4,244 HUN 63 DEU 2,239 HUN 716
DNK 954 IDN 33 DNK 289 IDN 598
ESP 1,532 IND 1,064 ESP 1,137 IND 1,871
EST 46 MEX 217 EST 133 MEX 1,204
FIN 936 MYS 295 FIN 307 MYS 741
FRA 2,678 PAK 12 FRA 1,564 PAK 112
GBR 2,598 PER 6 GBR 1,897 PER 157
GRC 131 PHL 34 GRC 62 PHL 368
HUN 63 POL 185 HUN 716 POL 1,263
IRL 355 RUS 476 IRL 293 ROU 831
ISL 13 THA 220 ISL 5 RUS 1,565
ISR 242 TUR 412 ISR 89 THA 851
ITA 1,781 UKR 75 ITA 521 TUR 677
JPN 3,705 VEN 13 JPN 553 UKR 317
KOR 1,193 ZAF 168 KOR 528 VEN 35
LTU 45 LTU 231 ZAF 455
LUX 307 LUX 30
LVA 9 LVA 106
MEX 217 MEX 1,204
NLD 1,593 NLD 659
NOR 442 NOR 96
NZL 124 NZL 135
POL 185 POL 1,263
PRT 154 PRT 202
SVN 81 SVK 457
SWE 1,430 SVN 68
TUR 412 SWE 294
USA 6,144 TUR 677
USA 3,400
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