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Abstract

Extensive research has addressed the question of why some countries are able to attract
a large amount of foreign direct investment (FDI), while others are not. Until now, this
research mostly neglected natural disasters as a business risk. In the realm of natural dis-
aster research, some studies have investigated the effect of natural disasters on FDI inflow.
However, this research remains overly simplistic and conceals the complexities of the
underlying relationship. As such, this article aims to provide a more deciphered perspec-
tive by considering variations across economic sectors and the dynamic effect of natural
disasters. We apply hybrid panel regressions to a dataset of 181 countries over a period of
13 years across four different economic sectors. The analysis shows that the effect of natu-
ral disasters on FDI inflow varies among economic sectors. From a longitudinal perspec-
tive, the study finds a positive relationship between exposure to natural disasters and the
inflow of FDI within countries 3 and 5 years after an event. Overall, the findings highlight
the complex nature of the relationship between natural disasters and FDI and warn against
using too simplistic approaches.
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Natural Hazards

1 Introduction

In recent decades, rising volumes of foreign direct investment (FDI) have fundamentally
shaped global development (Dicken 2015). Across the globe, the amount of FDI increased
more than tenfold between 1991 and 2016, yet the inflow of FDI is unequally distributed
in spatial terms. Although some emerging countries, such as China or Brazil, and even
some developing countries, such as Mozambique or Zimbabwe, were able to increase the
amount of their FDI inflow between 2000 and 2016 (UNCTAD 2017a), most developing
countries still lack substantial FDI inflow, which reduces their ability to accelerate their
economic development. Hence, extensive research has addressed the question as of why
some countries are able to attract a large amount of FDI, while others are not. In this con-
text, the OLI (Ownership, Location, Internalization) model by Dunning (1977) has been
most influential in providing a helpful framework to study the location determinants for
FDI inflow. Research building on this model has revealed that macroeconomic (e.g., trade
openness, market size) and institutional factors (e.g., regulatory quality, corruption con-
trol) determine the attractiveness of countries as destinations for FDI (e.g., Economou et al.
2017; Krifa-Schneider and Matei 2010).

However, FDI attraction is not only influenced by macroeconomic and institutional fac-
tors. Business operations and investments can also be impacted by the occurrence of risks
in the host region. In this respect, natural disasters, such as earthquakes, droughts, storms,
and floods, can cause damage to production sites and burden the economy of host coun-
tries, due to the destruction of infrastructure and assets (e.g., machinery or farmland). Over
the last decades, economic losses due to natural disasters have increased worldwide (Swiss
Re Institute 2017). Climate change tends to increase the occurrence and magnitude of nat-
ural disasters (e.g., storms and floods), as well as the economic losses in many regions
of the world (IPCC 2018). As natural hazards put economies at risk, it can be assumed
that multinational enterprises (MNESs) increasingly consider the occurrence and severity of
natural disasters when making investment decisions, potentially impeding the attraction of
long-term investment (Keen et al. 2003). Interestingly, the occurrence of natural disasters
has not yet explicitly found its way as a location determinant for FDI inflow into the OLI
literature.

To date, only a small number of studies attempted to assess the relationship between
FDI inflow and natural disasters (e.g., Anuchitworawong and Thampanishvong 2015;
Escaleras and Register 2011; Khan et al. 2020). While providing preliminary insights that
support the expected negative effect of natural disasters on FDI inflow, the applied perspec-
tive remains overly simplistic and therefore conceals the complexities of the underlying
relationship. Existing studies take either a one-country perspective (cf. Anuchitworawong
and Thampanishvong 2015), do not distinguish between business sectors, or take a purely
cross-sectional perspective (cf. Escaleras and Register 2011). We argue that the relation-
ship between natural disasters and FDI inflow requires a more differentiated assessment.

This article, therefore, aims to improve the understanding of the complex relationship
between natural disasters and FDI inflow by considering variations across economic sec-
tors and the longitudinal character of the effect of natural disasters. First, investment deci-
sions across various economic sectors are influenced by sector-specific features such as
sunk costs, demand volatility, and the resiliency of supply chains (Linnenluecke and Grif-
fiths 2015; Wilbanks et al. 2007; World Bank 2020) and, as such, follow different rationales
after natural disasters. Second, existing studies (e.g., Crespo Cuaresma et al. 2008; Skid-
more and Toya 2002) on the impact of natural disasters on economic growth identified the
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process of creative destruction leading to an increase of economic activity in the aftermath
of disasters. Research on the interplay between natural disasters and institutions shows that
the occurrence of natural disasters can initiate learning processes in the country, meaning
that institutions and firms can adapt to the exposure to natural disasters (Neise et al. 2018;
Solecki et al. 2017).

This suggests that a longitudinal perspective is needed to study the relationship
between natural disasters and FDI inflow appropriately. In order to achieve this aim, we
apply hybrid panel regressions for a dataset of 181 countries over a period of 13 years
(2003-2015) across four different economic sectors (manufacturing, construction, tourism,
creative industries) marked by different features relevant for the degree of exposure to natu-
ral disasters.

The remainder of the paper is organized as follows: In the second section, a literature
review outlines the role of FDI for economic growth, the underlying determinants that
influence FDI flows, and the economic consequences of natural disasters. In the third sec-
tion, the datasets, empirical framework, and methodology are explained. The fourth section
presents and discusses the results. Section 5 summarizes the main findings of the article
and discusses their conceptual and theoretical value.

2 Literature review
2.1 Foreign direct investment: economic growth and determinants

FDI is one of the major vehicles of economic globalization. The global volume of FDI
increased from 154 billion USD in 1991 to 1.7 trillion USD in 2016 (UNCTAD 2017a).
FDI not only represents the main external source of finance for developing economies
(UNCTAD 2017b) but is also associated with creating positive externalities (Alfaro et al.
2010; Damgaard 2011; Gorg and Greenaway 2004) and employment effects (McDonald
et al. 2003), which contribute to economic growth in host regions. As only the most pro-
ductive companies are typically engaged in FDI deals, they transfer superior technology
and knowledge into the host region (Helpman et al. 2004). Productivity spillovers to firms
in the host region can occur via labor mobility (Driffield and Taylor 2000), increasing com-
petition (Blomstrom and Lipsey 1989) and demonstration effects, i.e., via the imitation of
skills and technology (Girma et al. 2001).

However, the positive effects induced by inbound FDI cannot be taken for granted, as
the equivocal empirical evidence in the literature suggests (e.g., Alfaro et al. 2004; Bwalya
2006; Tondl and Forneo 2010; Wang and Wong 2009; Yasar and Morrison Paul 2007).
Research shows that positive externalities depend on conditions in the host region, such as
the absorptive capacity of the local industry (Alfaro et al. 2010; Girma and Wakelin 2002).
In addition, the nature of the particular FDI is relevant for its regional economic outcome
in the host region. In this respect, a study by Wang and Wong (2009) indicates that the
inflow of greenfield FDI (i.e., investments in new facilities) has a significantly positive
effect on GDP growth in the host country, whereas mergers and acquisitions exhibit a nega-
tive causality. In addition, McDonald et al. (2003) show that the creation of employment is
rather a result of greenfield FDI than mergers and acquisitions.

Although the inflow of FDI is no guarantee for economic growth in the host regions,
as this brief overview demonstrates, its potential merits have turned FDI into an impor-
tant component of the economic growth strategy of many countries, such as China (Zhang
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2001) or East European countries (Bhandari et al. 2007). FDI flows, however, are une-
qually distributed across space, and a large amount is concentrated in only a few regions
(see Fig. 1). The two largest host economies for FDI, the USA, and the UK, amount for
37% of the global FDI inflows in 2016 (UNCTAD 2017a). In contrast, other regions strug-
gle to attract substantial FDI in their endeavor for economic development. To understand
the geographic distribution of FDI inflows, extensive research has attempted to explore fac-
tors that foster or hamper FDI attraction. In this context, the OLI model by Dunning (1977)
provides a helpful theoretical framework to explain why and where firms conduct FDI
Dunning (1977) argues that ownership (O), internalization (I), and locational (L) advan-
tages must be present for FDI to occur. In the case, a firm only benefits from ownership
and internationalization advantages, while locational advantages are absent, the firm rather
chooses to export the product, instead of investing in a particular location. While the first
two determinants are firm-specific, locational advantages refer to country-specific condi-
tions and determine where a firm chooses to invest. As the range of variables that have
been investigated so far in regard to locational advantages is quite extensive, we focus in
our literature overview on the most commonly used macroeconomic factors, which are the
size of the host country’s market, the degree of openness of its economy, and its institu-
tional settings (e.g., Economou et al. 2017; Jadhav and Katti 2012; Resmini 2000).

A major reason for companies to invest abroad is to develop new market opportunities.
The market size of the host economy is, therefore, a decisive macroeconomic factor that
affects investors’ decisions (Resmini 2000). Empirical studies confirm the positive influ-
ence of market size on the volume of FDI inflow (e.g., Alam and Shah 2013; Economou
et al. 2017).

The openness of the economy is regarded as another important determinant of FDI
attraction. The literature argues that foreign investors are encouraged by a liberal trade
regime in the host country because MNEs tend to produce not only for domestic but also
for international markets (Bevan and Estrin 2004). Most studies confirm this positive rela-
tionship (e.g., Economou et al. 2017; Krifa-Schneider and Matei 2010). However, some
scholars also find mixed results depending on the statistical model applied (Alam and Shah
2013).

= FDI(inBn.US-$) []30000-50000 [ 175000 - 275000
[Jo-5000 [ 50000 - 75000 I 275000 - 400000
15000 - 15000 [ 75000 - 125000 [ 400000 - 625000
[ 15000 - 30000 [ 125000 - 175000 2] NA

Fig.1 FDI inflow in billion US-$ worldwide 2003-2015 (data: Own calculation based on fDi-markets
2016)
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The literature also highlights the importance of the institutional setting for attracting
FDI. Poor institutions, such as weak law enforcement or inadequate government effective-
ness, lead to additional costs (e.g., hidden costs in terms of corruption, delays) and create
uncertainties. As FDI is associated with sunk costs, MNEs take the institutional environ-
ment carefully into consideration, as a particular business risk, before making the invest-
ment decision (Blonigen 2005; Chen 2017; Jadhav and Katti 2012; Liu et al. 2016). A
study by Krifa-Schneider and Matei (2010) on 33 developing and transition countries
confirms these arguments. Their findings suggest that a reduced political risk and favora-
ble business conditions in the host country foster FDI attraction. Likewise, Gedik (2013)
reveals in a study on eleven OECD countries that political and institutional stability has
a positive impact on inbound FDI. Asiedu (2006) and Cleeve (2008) confirm the negative
impact of the degree of corruption on FDI inflows for a sample of Sub-Saharan African
countries. However, empirical evidence regarding the impact of corruption is equivocal.
Al-Sadig (2009), for instance, finds a negative relationship between the level of corruption
and FDI inflows. After controlling for the quality of institutions in the host country, how-
ever, the effect becomes insignificant.

Apart from risks caused by the institutional setting, business risks can also be created by
natural disasters, as we will outline in the next section.

2.2 Impact of natural disasters on foreign direct investment

In recent years many severe disasters have caused extensive damage to infrastructure,
businesses, and livelihoods worldwide. Between 2002 and 2016 the Tohoku Earthquake
(2011), Hurricane Katrina (2005), the Sichuan Earthquake (2008), Hurricane Sandy (2012)
and the Thailand floods (2011) were the five most costly natural disasters. However, they
account for just 22% of all economic losses in this time period (Munich 2017). In contrast,
smaller natural disasters, often not measured in terms of economic losses, affect several
regions of the world much more regularly (particularly in Africa, Asia, and Oceania) (see
Fig. 2; CRED 2021; Hallegatte 2014).

Affected People (in mio.) CJ 8- 15 50-75 [ NA
[Jo-25 [ 15-25 Il 75 - 125
[25-8 [ 25 - 50 I > 500

Fig.2 People affected by natural disasters worldwide 2002-2014 (data: Own calculation based on CRED
2021)
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A comparison of Figs. 1 and 2 shows that many host countries of FDI are exposed
to natural disasters. For instance, both emerging economies, such as China, India, and
Brazil, and high-income countries, e.g., the USA, attract a high amount of FDI but also
suffer from high exposure to natural disasters.

In order to discuss the effect of natural disasters on FDI inflows, we start with the
scientific discourse about the impact of natural disasters on economic development in
general that emerged since the 1990s. This literature strand predominately focuses on
the GDP and the national income as independent variables, aiming to measure the effect
of natural disasters on economic development. One strand of the literature deals with
the short-term effects of natural disasters on GDP growth. The most prominent study is
that by Albala-Bertrand (1993), which indicates a positive impact of natural disasters
on GDP growth (see also Loayza et al. 2012; Skidmore and Toya 2002). However, other
scholars (e.g., Felbermayr and Groschl 2014; Klomp and Valckx 2014; Noy 2009) find a
negative correlation. The second strand of the literature looks at the long-term effects of
natural disasters on economic development. For instance, the seminal work by Skidmore
and Toya (2002) reveals that natural disasters—in line with the Schumpeterian ‘creative
destruction’—lead to increasing GDP because old stocks (e.g., machines) are replaced
by newer items (Crespo Cuaresma et al. 2008). In contrast, Noy (2009) proves the oppo-
site. Hence, the results can be seen as ambiguous.

These two strands of the literature focus primarily on macroeconomic factors that
might be affected by natural disasters. In line with these studies, it is typically stated
that higher-income countries are better able to compensate for the damage caused by
natural hazards, i.e., these countries are more resilient to natural disasters than low-
income countries (Hallegatte 2014).

Apart from its influence on economic growth in aggregate terms, natural disasters
can also be assumed to influence the ability of host countries to attract FDI, as natural
disasters are regarded as a business risk by MNEs, threatening their business operations
and assets invested (Khan et al. 2020). For instance, 48% of the executives interviewed
in an UNCTAD survey are of the opinion that natural disasters will lead to a decrease in
the global FDI volume (UNCTAD 2017b). Thus, it can be assumed that MNEs also take
the occurrence and severity of natural disasters into consideration when making loca-
tion decisions. Accordingly, the occurrence of natural disasters can be seen as a coun-
try’s locational disadvantage, as defined by Dunning (1977) in the OLI model, poten-
tially hampering FDI.

However, studies that focus explicitly on the relationship between FDI and natural
disasters are scarce. An exception to this is a study conducted by Escaleras and Register
(2011) which tests the relationship between FDI and natural disasters for 94 countries
between 1984 and 2004. The results reveal that natural disasters have a significantly
negative correlation with FDI inflows. These results are confirmed by Cunado and Fer-
reira (2014) who studied the influence of flood events in 135 countries between 1985
and 2008 on FDI inflow. Anuchitworawong and Thampanishvong (2015) confirm the
negative impact of natural disasters on FDI inflows for their case study on Thailand.
The recent study by Khan et al. (2020) also supports the negative impact of natural
hazards on incoming FDI to countries included in the Chinese Belt and Road initiative.
However, Wang et al. (2021) show that FDI inflow increases in the year subsequent to
a disaster event, but its ratio of GDP decreases. The authors argue that MNEs may only
replace damaged production facilities but tend to avoid further expansion due to deterio-
rating business conditions. These preliminary insights suggest the following effect:
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H1 The more a country is affected by natural disasters, the less it attracts FDI.

However, we also argue that existing studies apply an overly simplistic perspective on
the relationship between natural disasters and FDI inflow, by disregarding the fact that the
impact of natural disasters on FDI inflows might vary across different economic sectors.
A comprehensive, sector-based analysis for 68 developing countries conducted by Loayza
et al. (2012), for instance, shows that the economic effect of natural disasters differs accord-
ing to the economic sector. The study shows that while storms have a positive growth effect
on GDP in manufacturing, the growth effect on GDP in agriculture is negative. Hallegatte
(2014) and Rose (2009) find that the construction sector experiences growth after the
occurrence of a natural disaster due to the resulting surge in demand. Hence, we argue that
it requires a more differentiated assessment of the relationship between natural disasters
and FDI inflow to reveal its complexities.

Therefore, we aim to analyze a set of different economic sectors. For illustrative pur-
poses, we focus on the FDI inflow in four different sectors, namely construction (e.g., real
estate and building, construction materials), manufacturing (e.g., production or processing
of goods), tourism (e.g., hotels, entertainment), and creative industries (e.g., digital media,
education, music, market research). We selected these sectors because they are marked
by different characteristics, such as the degree of spatial fixity or market demand dynam-
ics, leading to expected differences in how a natural disaster might impact the sector-spe-
cific FDI inflows. In this regard, we used the construction sector as an example to ana-
lyze whether FDI in disaster-prone areas takes place mainly for reconstruction (Hallegatte
2014). Moreover, we chose the manufacturing sector, as it is highly susceptible to supply
chain disruptions that can create high economic losses (Hallegatte 2014; Wilbanks et al.
2007; World Bank 2020). Hence, it can be expected that investors might avoid investment
in disaster-prone locations. In addition, the tourism sector was chosen, as this is typically
characterized by very fragile demand after disasters (Tsai et al. 2016). Moreover, creative
industries were selected as an example of a typical footloose sector in which disaster prone-
ness can be offset more easily because the sunk costs are relatively low. Consequently, nat-
ural disasters are not expected to represent a particular business risk that determines the
location choice for investment in creative industries. Accordingly, we derive the following
hypothesis:

H2 The effect of natural disasters on FDI attraction varies among different economic
sectors.

Despite the revealed negative effect of natural disasters on FDI, studies that follow a
longitudinal approach show different effects over time. For instance, Escaleras and Register
(2011) confirm the negative effect of natural disasters on FDI also for disaster events 5, 10,
and 25 years earlier. Moreover, existing research on the interplay between natural disas-
ters and institutions stresses the longitudinal nature of the effects of natural disasters. The
recent study by Nohrstedt et al. (2021) has analyzed whether the severity and frequency
of natural disaster events in 85 countries over 8 years results in a change of disaster risk
reduction policy. The study finds that disaster events do not lead to a change of the disaster
risk reduction policies. In contrast, case studies indicate that natural disaster events can
act as a trigger for strengthening formal institutional environments in these countries in
order to improve the adaptation and relieve the harm by natural disasters (Neise et al. 2018;
Solecki et al. 2017). For instance, the Indonesian government improved the legislation and
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organization on disaster risk reduction after two large disasters (i.e., Boxing Day Tsunami
and the Yogyakarta earthquake) (Djalante and Garschagen 2017). Similarly, it has been
observed that MNEs remain in their disaster-prone location and adapt to these challenges.
To give an example, MNEs in Jakarta improved their business routines and invested in
adaptation measures, such as back-up facilities and the strengthening of building fabric,
instead of relocating (Neise and Revilla Diez 2019). Thus, the occurrence of natural disas-
ters can initiate learning processes in the country to cope with the challenges and prevent
MNEs from holding back their investment. A cross-sectional analysis is incapable of tak-
ing into account these processes. It, thus, requires a longitudinal perspective in order to
consider these learning mechanisms.

H3 The longitudinal effect of natural disasters on the attraction of FDI significantly differs
from the cross-sectional effect.

3 Methods
3.1 Data and empirical framework

For the empirical investigation, we combined data from the EM-DAT database (CRED
2021), the fDi-markets database (fDi-markets 2016), and the World Bank (2017a, b). The
fDi-markets database, provided by the Financial Times, collects notifications by the media,
financial information vendors, market and publication companies, and industrial associa-
tions, making the database the most comprehensive online database on cross-border green-
field investments. We decided to use this database based on the assumption that the inflow
of greenfield FDI has a significantly positive effect on GDP and employment growth in the
host country (McDonald et al. 2003; Wang and Wong 2009). Two strengths of the fDi-mar-
kets database are that it contains the value of FDI projects in million USD for 203 countries
from 2003 until 2015, and that it reports FDI by economic sectors (Burger et al. 2013). We
used the information provided by the fDi-markets database to generate five independent
variables by adding up the value of the individual FDI projects per country and year: over-
all FDI inflow, FDI inflow in construction, manufacturing, tourism, and creative industries
(see Table 1; see Table 5 for a taxonomy of the sectors).

The chosen approach enables us to compare the estimated effects of the independent
variables on FDI inflow in different industries and allows cross-country, time-serial, and
sector-specific analyses.

To operationalize natural disasters as the main independent variable of interest, we used
the EM-DAT database (CRED 2021), which continuously collects data on disaster events
with at least one of the following criteria: ten or more people were reported killed, a hun-
dred or more people were reported affected, a state of emergency was declared, or inter-
national assistance was called. The database is updated on a daily basis using informa-
tion on natural disasters from different sources, including UN agencies, governments, the
International Federation of Red Cross and Red Crescent Societies, insurance companies,
research institutes, and press agencies. The database includes information about the coun-
try in which the disaster occurred, the type of disaster according to a pre-defined clas-
sification, the date when the disaster occurred, the number of dead or missing people, the
number of people who were injured or become homeless as a direct result of a disaster or
were affected (i.e., requiring basic survival needs such as food, water, shelter, sanitation,
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Table 1 Dependent variables—FDI inflow by business sector. Source: Own calculation based on fDi Mar-
kets, a service from The Financial Times Limited, 2016

Variable Mean Std. dev Min Max Observations
Overall Overall 272942 643633 0 70,702.73  N=2307

Between 5486.58 0 48,040.04 n=181

Within 3314.33 —19,388.97  41,334.63  T-bar=127.459
Construction Overall 403.57 1578.07 0 40,009 N=2307

Between 88576 0 7071.49 n=181

Within 1304.06  —4471.06 37,328.50  T-bar=127.459
Creative industries Overall 32.72 127.35 0 2541.30 N=2307

Between 102.46 0 806.57 n=181

Within 74.75 —693.45 1767.45 T-bar=127.459
Manufacturing Overall 1689.09 530143 O 76,544.82  N=2307

Between 480582 0 50,319.21 n=181

Within 2170.10  —22,504.32  29,369.19  T-bar=127.459
Tourism Overall 174.07 65734 0 14,684.30  N=2307

Between 473.88 0 5206.26 n=181

Within 452.57 —3549.36 9652.11 T-bar=127.459

and medical assistance) during the period of emergency, as well as the amount of damage
to property, crops, and livestock (CRED 2021). This makes the EM-DAT database one of
the most comprehensive database, covering global disasters.

Although the number of disaster events or economic losses attributed to a natural disas-
ter are the most commonly used indicator for analyzing the effect of natural disasters (e.g.,
Raschky 2008; Schumacher and Strobl 2011), we used the sum of people who were killed,
missing, injured, became homeless, or were in other ways affected by a natural disaster as
a proxy (‘number of people affected (in 1000)’ to assess the severity of disasters (Altay
and Ramirez 2010). Other studies have shown the suitability of this indicator (see Cavallo
et al. 2013; Loayza et al. 2012; Noy 2009). The assessment of economic losses is often
inaccurate, particularly in developing countries (Hallegatte 2014), and people affected by
a disaster better reflect potential disruptions related to a reduced labor force or lower labor
productivity.

In addition, following the theoretical discussion on decisive factors of FDI attraction,
we employed data about governance quality from the World Bank (2017b). Referring to the
literature (Asiedu 2006; Cleeve 2008; Gedik 2013), we incorporated the variables ‘govern-
ment effectiveness’ and ‘regulatory quality’ as well as the variable ‘control of corruption’
into the model, all of which are measured in units of a standard normal distribution, rang-
ing on a scale from — 2.5 to +2.5 (World Bank 2017b). In this respect, the variable ‘control
of corruption’ describes the extent to which public power is used for private gain, while the
variable ‘government effectiveness’ captures the quality of public and civil services, the
quality of policy implementation, and the credibility of the government’s commitment to
such policies. In addition, the variable ‘regulatory quality’ reflects the government’s ability
to implement regulations that permit and promote private sector development (see Table 2;
World Bank 2017b).

Following the theoretical discussion on decisive macroeconomic factors of FDI attrac-
tion (Resmini 2000; Felbermayr and Groschl 2014), we also controlled for the effect of

@ Springer



Natural Hazards

Table 2 Independent variables—people affected by natural disasters, macroeconomic indicators, gov-
ernance quality, and interaction effects. Source: Own calculation based on CRED 2021 and World Bank
(2017a, b)

Variable Mean Std. dev Min Max Observations
Number of people affected Overall 1193.47 12,783.26 0 342,026.50 N=2307
(in 1000)
Between 9409.18 0 119,871.00 n=181
Within 8578.78 —91,126.68  302,650.60 T-bar=12.75
Population (in 1000) Overall 37,189.32 137,452.30 64.56 1,364,270.00 N=2307
Between 136,442.20 65.03 1,323,661.00 n=181
Within 5772.68 —67,939.88 137,162.30 T-bar=12.75
GDP per capita (in 1000 Overall 16.269 19.224 0.406 141.947 N=2307
USD PPP)
Between 18.793 0.554 116.020 n=181
Within 4406 —32.184 72.223 T-bar=12.75
Trade as % of GDP Overall 92.02 5424 0.17 455.42 N=2307
Between 51.72 8.15 396.21 n=181
Within 15.74 -37.07 243.11 T-bar=12.75
Regulatory quality Overall -0.01 097 -2.68 223 N=2307
Between 0.96 —2.06 1.92 n=181
Within 0.18 —-1.38 0.81 T-bar=12.75
Government effectiveness ~ Overall —-0.01 098 —225 243 N=2307
Between 097 -1.64 2.16 n=181
Within 0.16 -1.12 0.72 T-bar=12.75
Control of corruption Overall - 0.04 1.00 —1.84 2.56 N=2307
Between 0.99 -1.57 244 n=181
Within 0.18 —1.01 0.87 T-bar=12.75

market size and openness of a host economy. We followed Resmini (2000) and measure the
effect of market size by including ‘GDP per capita (in 1000 USD PPP)’ as a proxy for the
actual demand and ‘population (in 1000)’ for the absolute market size. A common measure
in empirical studies for a country’s openness is the share of exports plus imports in the
GDP (e.g., Economou et al. 2017; Krifa-Schneider and Matei 2010; Loayza et al. 2012).
We therefore added the variable ‘trade as % of GDP’ as a control variable. Data of all three
variables was provided by the World Bank (2017a) (see Table 2).

As the datasets do not include data for all countries in the world, especially not for small
islands, such as American Samoa, Cook Islands, nor for all years, especially not for years
of war, the constructed unbalanced short panel dataset provides information for 181 coun-
tries (the subjects of this analysis) for the years 2003 to 2015, resulting in a sample size of
2307 observations.

3.2 Methodology

To answer the question as to whether country-specific factors contribute to explaining the
FDI flow into a country, we calculated the unconditional models (m,;), which contain no
explanatory variables and estimate the residuals within countries (n;) as well as the general
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residuals (g;,) separately, for each of the five dependent variables (i.e., overall and sector-
specific FDI inflow):

Yi=Botn;+¢;

Next, we calculated the intra-cluster correlations (rho), which represent the unobserved
heterogeneity across countries and indicate the estimated proportion of the total variance
attributed to differences between countries:

. 2
rho — (sigma_u)

(sigma_u)* + (sigma_e)’

Here, sigma_u describes the standard deviation of residuals within countries (rn;), while
sigma_e describes the overall error term (g;,). The intra-cluster correlation (rho) can take a
value >0 and < 1, whereby a high value indicates that the measurements over time within a
country are not independent but rather affected by unobserved heterogeneity.

All unconditional models report a significant intra-cluster correlation, indicating FDI
inflow is strongly correlated within countries over time and, consequently, influenced by
unobserved heterogeneity across countries. This serial autocorrelation is particularly strong
for the FDI inflow into manufacturing (0.816), the overall FDI inflow (0.710), and the FDI
inflow into creative industries (0.623). A smaller but still significant intra-cluster correla-
tion was estimated for the FDI inflow into tourism (0.482) and construction (0.256).

These results underpin our decision to apply a panel data approach, as performing stand-
ard OLS (ordinary least squares) regressions would entail the risk of violating the standard
assumption of independent observations, leading to inefficient and biased standard errors
(Mizon 1995). In such situations, using between-effects, random-effects, or fixed-effects
panel models are preferred. Between-effects models use the cross-sectional information
reflected in the average differences between subjects (Genser et al. 2015). In the context
of this paper, they allow to estimate differences in countries’ expected average FDI inflows
based on their average country-specific characteristics (between-subject effect). However,
they neither use the time-serial information in the data nor do they control for unobserved
heterogeneity across countries. In contrast, fixed-effects and random-effects models are
able to model changes within subjects over time and account for unobserved heterogene-
ity (Rabe-Hesketh and Skrondal 2008). For the purpose of the paper, they allow to study
longitudinal effects, estimating the expected change in a country’s FDI inflow based on
changes in their country-specific characteristics (within-subject effect). While fixed-effects
models only allow to estimate the effect of time-varying covariates on the response varia-
ble (Rabe-Hesketh and Skrondal 2008), random-effects regressions allow the integration of
covariates that do not vary over time (Giesselmann and Windzio 2013). However, random-
effects models are based on more restrictive assumptions than fixed-effects models, e.g., no
correlated unobserved unit-specific heterogeneity, leading to biased estimates in the case
of violation. Hence, both fixed-effects and random-effects models have their advantages
and disadvantages. In this regard, Mundlak (1978) suggests that the virtues of between-
effects, fixed-effects, and random-effects models can be combined by adding the subject-
specific means of the independent variables to the random-effects model. This so-called
hybrid panel model allows to estimate the within- and between-subject effects in a single
random-effects model.

After applying a Hausman specification test to compare the random-effects and fixed-
effects estimates, which yield a significant result (Prob > chi? =0.0180), we had to refrain
from estimating a classic random-effects model (see Table 6). Therefore, we decided to
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follow Mundlak’s (1978) suggestion and applied a hybrid panel model, allowing us to
directly compare the within- and between-subject effects.

We estimated five hybrid panel regression models, one for each of the dependent vari-
ables: overall FDI inflow (m1), FDI inflow into manufacturing (m2), FDI inflow into con-
struction (m3), FDI inflow into tourism (m4), and FDI inflow into creative industries (m5)
(see Table 3). The underlying equation of the resulting linear hybrid model is:

Ye=bB+ ﬂ(xit _Ki) + X+ 6z +n; + g

In this equation, y;, represents the FDI inflow into country i in year 7. Here, f repre-
sents the coefficient of the within-unit component of an explanatory variable x. In addition,
y represents the coefficient of the between-unit component of an explanatory variable x.
Moreover, 6 represents the coefficient of the time-constant explanatory variable z. Finally,
B, represents the constant term of the regression. In line with Altay and Ramirez (2010),
the model includes a 1-year time lag between the disaster occurrence and FDI inflow
in order to acknowledge the time needed for multinational enterprises to complete their
decision-making process to invest within a foreign country. We added additional time lag
variables (3-year and 5-year) to the fixed-effects model (m6, m7, m8, m9, m10), aiming
to gather additional insights into the differences between short-term and long-term effects
of natural disasters on FDI inflow (see Table 4). Here, we follow Loayza et al. (2012) and
Oh et al. (2020), who argue that economic recovery takes some time and that managers of
MNEs might use a longer period to assess the risk level of a country in which to invest.

To ensure that all assumptions of ordinal logistic regressions were met, we tested for
multicollinearity between the independent variables, which, with an VIF of 5.36, can be
ruled out (see Akinwande et al. 2015). Moreover, the estimated within-subject effects are
comparable with those estimated by the classic fixed-effects model (see Table 7), confirm-
ing the robustness of the regression model.

4 Results and discussion

In the following, we discuss our three hypotheses consecutively based on the statistical
effects estimated by the hybrid panel model. Following Gelman and Stern (2006), we inter-
pret the effect of an independent variable if its margin of error is not significantly larger
than 10%.

H1 The more a country is affected by natural disasters, the less it attracts FDI.

Based on our findings in m1, we have to reject our first hypothesis, as, from a cross-
sectional perspective (between-subject effect), we do not find a statistically significant
relationship between the average number of people affected by natural disasters in a
country and the average overall FDI inflow into this country (P >zl =0.294). While the
small number of existing studies (e.g., Anuchitworawong and Thampanishvong 2015;
Escaleras and Register 2011; Khan et al. 2020) has found a negative effect of natural
disasters on FDI, our findings do not support these results. In this context, it is impor-
tant to note that our study differs in two respects from the above: First, it uses the num-
ber of affected people in order to consider the severity of natural disasters, while the
only comprehensive studies by Escaleras and Register (2011) and Khan et al. (2020)
taking into account a large number of countries rest on the number of events. Second,
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this study consists of a sample of 181 countries and therefore differs from Escaleras and
Register’s study (2011) encompassing 94 countries and Khan’s et al. (2020) study of 55
Belt and Road Initiative countries.

H2 The effect of natural disasters on FDI attraction varies among different economic
sectors.

Although the general model (m1) does not reveal a significant cross-sectional effect
of the average number of people affected by natural disasters in a country on its average
overall FDI inflow, the sector-specific models (m2—m5) reveal a more differentiated pic-
ture. Here, we find a positive effect of the number of people affected by natural disasters
on FDI inflows in the manufacturing (m2), construction (m3), and tourism sector (m4).
The findings suggest that with every additional 1000 people affected by natural disas-
ters the average FDI inflow into manufacturing increases significantly by 0.181 million
USD, while the average FDI inflow into tourism increases significantly by 0.038 million
USD, and the average FDI inflow into construction increases significantly by 0.029 mil-
lion USD. In contrast, there is no significant effect revealed with regard to FDI inflows
into creative industries (P >lzl =0.274). These results confirm our second hypothesis,
showing that the effect of natural disasters on FDI attraction varies among different eco-
nomic sectors. This shows that taking a sector-specific perspective allows uncovering
the more nuanced effects of natural disasters on FDI inflows. These findings reflect that
investment decisions across various economic sectors are characterized by different fea-
tures such as sunk costs, volatility of demand, territoriality, resiliency of supply chains
(e.g., speed and reliability) and, thus, follow different rationales in dealing with natural
disaster risks (Hallegatte 2014; Wilbanks et al. 2007).

The analysis demonstrates the strongest positive effect of countries’ exposure to nat-
ural disasters on the FDI inflow into the manufacturing sector. It seems that foreign
investors assess positively the general large market opportunities of the host country and
might not be distracted from the threat of destroyed capital due to natural disasters.

The positive effect of the severity of natural disasters on FDI related to construction
can be explained through the rapid demand surge as part of the rebuilding process after
a natural disaster occurred (Hallegatte 2014; Rose 2009). Rather than seeing natural
disasters as a business disadvantage, they can be seen as a business opportunity in the
construction sector, leading to higher FDI in disaster-prone countries.

The positive effect on FDI in the tourism sector can be supported by case study evi-
dence. While the Boxing Day Tsunami of 2004 had a direct negative effect on tourist
arrivals in destinations like the Maldives or the Thai region of Phang Nga, subsequent
investments in rebuilding touristic facilities led to a rapid recovery in terms of accom-
modation capacities (Carlsen and Hughes 2008; Willroth et al. 2012). This indicates
that investors in the tourism sector are not discouraged from investing in disaster-prone
countries despite the risk of short-term declines of tourist arrivals after a natural dis-
aster took place. This investment behavior suggests that investors consider the long-
term location advantages (e.g., loyal customers, unique landscape) even of hazard-prone
locations such as the Dominican Republic.

In contrast to these significant effects, the insignificant impact of countries’ expo-
sure to natural disasters on the FDI inflow in the creative industries sector reflects the
footloose character of this sector. The finding indicates that natural disaster risks are
not perceived as a significant determinant of location choice for FDI in this sector.
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H3 The longitudinal effect of natural disasters on the attraction of FDI significantly differs
from the cross-sectional effect.

While existing studies, as well as our previous models, studied the relationship
between natural disasters and FDI inflow from a cross-sectional perspective (between-
subject effect), taking a longitudinal perspective (within-subject effect) reveals novel
insights into this relationship from a causal disaster-reaction perspective. From a lon-
gitudinal perspective, our results estimated by the hybrid model (m1) suggest that if
the number of people affected by natural disasters increases by 1000 in a given coun-
try, the overall FDI inflow into this country increases significantly by 0.019 million
USD in the following year (within-subject effect). However, when adding the 3-year
and 5-year time lag to the fixed-effects model (m6; cf. Table 4), the effect of the 1-year
time lag turns negative, while the effects of 3-year and 5-year time lag remain posi-
tive. Our results estimated by the fixed-effects model (m6) show that if the number of
people affected increases by 1000 in a given country, the overall FDI inflow into this
country decreases significantly by 0.054 million USD in the following year, while it
increases significantly by 0.084 million USD 3 years and by 0.035 million USD three
5 years afterward. This result confirms our third hypothesis, revealing that the longi-
tudinal effect of natural hazards on the attraction of FDI significantly differs from the
cross-sectional effect. This finding can be interpreted as companies refraining from
investing in the direct aftermath of natural disasters but investing all the more in the
medium and long term. The negative effect of natural disasters on FDI inflows 1 year
after an event is in line with the findings from Anuchitworawong and Thampanishvong
(2015), Escaleras and Register (2011), and Khan et al. (2020). The negative short-term
effect can be explained by risk aversion of MNEs (cf. Khan et al. 2020; UNCTAD
2017b). The positive mid- and long-term relationship can be explained by changes
in the marginal product of capital after natural disaster. As the destruction of physi-
cal capital, caused by a natural disaster, decreases the stock of physical capital, the
marginal product of capital increases, resulting in an increase in the return of capital
provision. MNEs are likely to react to this change with increasing FDI when the first
recovery phase is over (Crespo Cuaresma et al. 2008). Here, we can confirm the effect
of ‘creative destruction’ that takes place after disaster events (e.g., Crespo Cuaresma
et al. 2008; Skidmore and Toya 2002), but it is not initiated immediately after a disas-
ter event.

In addition, the positive effect might be linked to governmental agencies and pri-
vate investors learning and adapting in order to cope with natural disasters (Solecki
et al. 2017). Typically, MNEs anticipate natural disasters and invest in more emer-
gency response activities, such as training the staff, integrate back-up facilities, and
strengthen their building fabrics to relieve the economic losses of future disaster
events (Neise et al. 2018). This shows that exposure to natural disasters per se can-
not explain lacking FDI inflow. It rather points to the significance of adapting to these
natural conditions since disaster-prone locations hold other locational advantages, such
as abundant skilled labor force or a high market potential that might offset the disaster
proneness.
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5 Concluding remarks

The paper aimed to analyze the yet complex relationship between a country’s exposure
to natural disasters and its ability to attract FDI. To this aim, we deployed hybrid panel
regressions for a dataset of 181 countries over a period of 13 years (2003-2015) across
four different economic sectors (manufacturing, construction, tourism, and creative indus-
tries). The analysis yields two important results: First, the findings of the analysis show
that the effect of natural disasters on FDI attraction varies among different economic sec-
tors. We find a positive effect of natural disasters on FDI inflows in the manufacturing,
construction, and tourism sector, whereas FDI in the more footloose creative industries
seems not to be affected by the occurrence of natural disasters. Second, the results demon-
strate that the longitudinal effect of natural disasters on the attraction of FDI inflows differs
from the cross-sectional effect. Although we can confirm the negative short-term effect of
natural disasters on overall FDI inflow, the overall FDI inflow increases 3 and 5 years after
a disaster event.

On a conceptual level, these findings highlight the complex nature that characterizes
the relationship between natural disasters and FDI inflow. The direction of effect must not
be seen as equal across different industries. While we are still standing at the beginning of
exploring this relationship, these findings point to the need for a differentiated assessment
which has to be incorporated in the data selection and the model specification. This could
be further advanced in future studies, by assessing the factors that shape the longitudi-
nal effect of natural disasters on FDI inflows, such as disaster relief services, government
effectiveness, regulatory quality, and the availability of insurance services.

On a theoretical level, the study contributes to the empirical literature strand that applies
the OLI model. The focus on the effect of natural disasters in this study complements
the existing understanding where MNEs invest abroad. Whether positive or negative, the
results of the study suggest that the severity of natural disasters constitutes a critical loca-
tional factor that exerts an influence on the investment decision of MNEs.

Although the analysis provides a new perspective on how natural disasters determine
FDI inflow, it demands further research. Especially due to the globally forecasted increase
in the number and intensity of natural disaster events due to climate change (IPCC 2018)
and the need to further accelerate economic development in many countries of the world,
it is necessary to gain a deeper understanding of the relationship between natural disasters
and FDI inflows. In this regard, the revealed sector-specific effects require further insights
into the location decisions of MNEs across different industries in the context of natural dis-
asters. A more qualitative approach including in-depth interviews with representatives of
MNEs might be promising for this endeavor. Furthermore, scenario approaches (e.g., using
factorial surveys) that assess the judgments of MNEs according to various business risks,
institutional settings, and countries’ exposure to natural disasters would allow identifying
the factors that influence the longitudinal effect of natural disasters on FDI inflows.

Appendix

See Tables 5, 6, and 7.
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Table 5 Taxonomy of the selected economic sectors according to the fDi-markets database. (Source: fDi
markets)

Sector Definition

Construction Real estate and building, construction materials, construction machinery & equipment,
building products and parts

Manufacturing Production or processing of any good, such as manufacturing plants, processing plants,
production facilities, smelters, assembly facilities

Tourism Hotels, tourism, leisure & entertainment (no retail)

Creative industries Digital media, media, multi-media, video games, education, training, publishing, news,
printing, music, design services, film, broadcasting, TV, architecture, advertising,
market research, PR, theater, cinema

Table 6 Hausman specification test

Coefficients
(b) (8) (b-B) sart(diag(V_b-V_B))
fixed random Difference S.E.
AffectedDe~h .0188391 -.039204 .058043 .0035929
Populationtl .2193477 .0372785 .1820692 .0128185
GDPpercapi~1 60.99722 61.59795 -.6007264 9.579064
TradeofGDPt1 7.966072 1.626743 6.339329 2.507605
Regulatory~1 528.5291 976.2642 -447.7351 219.018
Government~1 -453.0652 -433.402 -19.66324 221.0719
Corruptiontl -68.32883 -200.275 131.9461 209.4494

b = consistent under Ho and Ha; obtained from xtreg
B = inconsistent under Ha, efficient under Ho; obtained from xtreg

Test: Ho: difference in coefficients not systematic
chi2(5) = (b-B)'[(V_b-V_B)*(-1)](b-B)
= 13.65

Prob>chi2 = 0.0180
(V_b-V_B is not positive definite)
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Table 7 Fixed-effect regression results for sector-specific FDI inflow

Coef. Coef. Coef. Coef. Coef.
Overall Manufacturing Construction Tourism  Creative industries
Number of people 0.019%* 0.046%** 0.002 0.012***  (0.000
affected by natural
disaster (in 1.000)
(0.009) (0.006) (0.004) (0.001) (0.000)
Population (in 1.000) 0.219%%* 0.019%* 0.007 —0.004%*  0.002%**
(0.013) (0.009) (0.006) (0.002) (0.000)
GDP per capita in 1.000  60.997%%** —44.893*** 3907 —1.388 1.519%**
USD PPP
(15.365) (10.709) (6.536) (2.196) (0.369)
Trade as % of GDP 7.966* 2.420 4.041%* -0.197 -0.078
(4.244) (2.958) (1.805) (0.607) (0.102)
Regulatory quality 528.529 379.445 265.508 -0322  7.583
(451.888) (314.957) (192.211) (64.578)  (10.846)
Government effective- —453.065 32.850 81.902 20.994 — 14.154
ness
(519.948) (362.393) (221.160) (74.305)  (12.480)
Control of corruption — 68.329 —304.128 —175.579 —52340 —10.947
(435.363) (303.439) (185.182) (62.217)  (10.449)
Constant — 7180.683*** 1445.584***  —288.877  363.098  — 63.978***
(643.954) (448.823) (273.906) (455.941) (15.456)
Rho (m0) 0.710 0.816 0.256 0.482 0.623
Rho 0.985 0.658 0.276 0.797 0.913
Sigma_u 25,991.816 3087.463 837.223 901.940  248.352
Sigma_e 3190.456 2223.685 1357.060 455941  76.576
Prob > Chi? 0.000 0.000 0.000 0.000 0.000
R? (overall) 0.441 0.5131 0.116 0.210 0.204
R? (between) 0.686 0.6084 0.354 0.498 0.304
R? (within) 0.149 0.0351 0.005 0.067 0.036
Observations 2307 2307 2307 2307 2307
Countries 181 181 181 181 181
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