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Abstract When do multinationals show resilience during natural disasters? To answer this,
we develop a simple model in which foreign multinationals and local firms in the host country
are interacted through input-output linkages. When natural disasters seriously hit local firms
and thus increase the cost of sourcing local intermediate inputs, most multinationals may
leave the host country. However, they are likely to stay if they are tightly linked with local
suppliers and face low trade costs of importing foreign intermediates. We further provide
a number of extensions of the basic model to incorporate, for example, multinationals with
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1 Introduction

Multinational enterprises (MNESs) play a vital role in helping developing countries grow by
contributing to local employment and productivity improvement in normal times. However,
MNEs may play a more crucial role during crisis times, especially in natural disasters. Thai-
land’s experience of large-scale floods in 2011 is a notable example of the destructive effects
of a natural disaster on multinationals. The estimated economic damage is 46.5 billion USD
across all sectors, and manufacturing alone suffered 32 billion USD of damage (Abe and Ye,
2013; Haraguchi and Lall, 2015). Seven industrial parks and 904 factories were inundated,
more than half of which were Japanese MNEs. Thus, the business operation of many fac-
tories completely ceased for one to two months. Even non-inundated multinational plants
were forced to reduce production due to the lack of parts from damaged suppliers. The
disaster-hit economy hopes multinationals to show resilience so that they continue to source
local intermediates and help local industry recover. The Bank of Thailand cautioned against
this optimistic idea by stating that, unless the government took appropriate measures, the
flood would relocate more multinationals to other Asian countries in the long run (BOT,
2012). The exit of footloose multinationals would weaken their input-output linkages with
local suppliers, damaging the economy further. Indeed, using country-level data, Escaleras
and Register (2011) and Doytch (2020) find that natural disasters have negative effects on
aggregate foreign direct investment (FDI) inflows.?

Only a limited attention in the literature has been paid to how MNEs respond to natural
disasters and little is known about underlying mechanisms, despite its importance in the real
world. This paper theoretically investigates under what conditions multinationals leave their
host country once it is hit by negative supply shocks and which factor helps them stay there.

To address these, our model takes into account two noticeable characteristics of multination-

3Using aggregate data on FDI inflows into Thailand, Anuchitworawong and Thampanishvong (2015)
construct a severity index of natural disasters consisting of their frequencies and damages and find that this
negatively affects aggregate FDI inflows into Thailand in 1971-2012. See also Batala et al. (2021); and Neise
et al. (2021) for recent studies using aggregate level FDI.



als: (i) input-output (or vertical) industrial linkages and (ii) footloose-ness. Vertical linkages
imply that multinationals have complementarities with local industry (Markusen and Ven-
ables, 1999). Sourcing by multinationals helps the local supply industry grow, leading to
a lower price of inputs and thus benefiting themselves. The footloose-ness arises because
the location choice of foreign capital is based on the comparison of profits made in different
countries. Multinationals are sensitive to negative shocks in their location; compared with
local firms, they are likely to enter and exit a host country frequently (Gorg and Strobl, 2003;
Bernard and Jensen, 2007). We model a natural disaster as an increase in the fixed cost for
local suppliers, which can be interpreted as a damage to their plants. This modeling captures
an indirect damage to multinationals through their linkages with damaged local suppliers, as
highlighted in the 2011 Thailand floods.

Our main findings are threefold. First, multiple equilibria, one in which multinationals
enter and the other in which they do not, may exist. Second, a substantial damage to the
local suppliers’ fixed cost results in a switch from one equilibrium with multinationals to the
other without them. The increased fixed cost reduces the entry of local suppliers and hence
raises the prices of local intermediate goods. Multinationals, even if they are not directly
damaged, may find local sourcing unprofitable and leave the disaster-hit country, shrinking
the local industry further. This mechanism helps understand the (sometimes long-lasting)
negative disaster impact on FDI found in empirical studies (Escaleras and Register, 2011;
Doytch, 2020; Toner-Rodgers and Friedt, 2020; Batala et al., 2021). Natural disasters may
also raise the cost of local sourcing through the destruction of transportation infrastructure
or directly damage multinational plants. In our model, the effects of these shocks are similar
to those of the shock to the fixed cost for local suppliers because both reduce the profitability
of multinationals staying in the host country.

Finally, conditions that prevent multinational relocation are identified. Specifically, they
are more likely to stay in the disaster-hit country, if local intermediate inputs are more

important in multinational production or trade costs of importing foreign inputs are lower.



Contrary to the warning by the Bank of Thailand, the 2011 Thailand floods did not cause
long-lasting relocation and restructuring by manufacturing MNEs, perhaps because of strong
industrial linkages between local and multinational firms and progressive trade liberalization
(Milner et al., 2006; Feliciano and Doytch, 2020).1

We further examine a number of extensions of the basic model including multination-
als with heterogeneous productivity, gradual recovery from disasters, the role of the host
country’s market, endogenous sourcing patterns and disaster risk. They give similar results
and additional implications. Among others, we find that the least efficient multinationals
are the first to leave the host country once a disaster hits. Put differently, multinationals
staying in the damaged country are likely to be the most efficient ones. The heterogeneous-
multinational setting avoids the extreme case where all multinationals completely exit. The
result may help understand the observation that in the aftermath of the 2011 floods, larger
Japanese MNEs in Thailand did not change their local procurement share as much as smaller

ones (Hayakawa et al., 2015).

1.1 Relation to the literature

We aim to contribute to the literature investigating the impact of multinationals on industrial
development (Alfaro, 2015 for a survey). For example, using Irish micro-level data, Goérg and
Strobl (2002) find that the presence of multinationals promotes the entry of local manufactur-
ing firms.> Among many channels through which multinationals benefit host economies, an
important one is vertical industrial linkages (e.g., Javorcik, 2004; Alfaro-Urena et al., 2020).
Alfaro-Urenia et al. (2020) use firm-to-firm transaction data in Costa Rica and find that local

firms increase their size and productivity after becoming a supplier to multinationals.

4Using the information on Japan-Thailand bilateral input-output table, Milner et al. (2006) find a siz-
able and robust association between the number of Japanese affiliates in Thailand and their linkages with
Thailand’s industries. Feliciano and Doytch (2020) document the recent development of Thailand’s Free
Trade Agreements. Using Thailand’s firm-level data, they find that reductions in import tariffs improve the
performance of both local and foreign-owned firms.

5By contrast, studies reporting negative impacts include Aitken and Harrison (1999) for Venezuela; Gorg
and Strobl (2002) for Ireland; and Lu et al. (2017) for China.
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Although many theoretical attempts seek to understand the role of multinationals in verti-
cally linked industries, only a limited number of studies have modeled (de)industrialization as
switches between multiple equilibria (Rodriguez-Clare, 1996; Markusen and Venables, 1999;
Carluccio and Fally, 2013).° For example, Markusen and Venables (1999) model the up-
stream and downstream industries and numerically illustrate the situation where the entry
of downstream MNEs fosters local upstream industry. Using a similar model, Rodriguez-
Clare (1996) find that the existence of MNEs benefits the host country if the intensity of
their local sourcing is sufficiently high. Carluccio and Fally (2013) extend these two models
further to consider a “technological incompatibility” of local intermediates with multinational
production. These studies, however, have analyzed each equilibrium only separately and not
explored which shocks trigger a shift from one equilibrium to another.

We rely on their framework and take one step further to analytically characterize the
conditions under which an exogenous supply shock leads to an equilibrium switch and relate
them to disaster impacts on multinationals. Specifically, we simplify the model structure of
Markusen and Venables (1999) in a way such that the upstream and the downstream indus-
tries are treated as one exhibiting roundabout production (Krugman and Venables, 1995) and
explicitly introduce trade by MNEs.” In doing so, we can go beyond the numerical results
of Markusen and Venables (1999) and identify the conditions of MNEs showing resilience in

terms of meaningful parameters such as the cost share of local intermediate goods and trade

SWe differ from more recent theoretical studies on MNEs such as Alfaro et al. (2010); Garetto (2013);
Ramondo and Rodriguez-Clare (2013); Arkolakis et al. (2018); Adachi and Saito (2020); and Gumpert et al.
(2020) in that exogenous shocks always lead to a smooth change in equilibrium, whereas the shocks may bring
a discontinuous jump in our model. Economic geography models deal with multiple equilibria but typically
assume away distinction between local and multinational firms and/or input-output linkages (e.g., Redding
and Turner, 2015, Section 20.3.7; Akamatsu et al., 2020; Gaspar, 2021). A few exceptions include Fujita and
Thisse (2006); Hsu et al. (2020); and Kato and Okoshi (2020), although disaster impact is outside the scope
of these studies.

"The roundabout-production structure means that goods of one industry are used for production as inter-
mediate inputs in other industries including itself and are also consumed as final goods. Notable applications
include Eaton and Kortum (2002); and Caliendo and Parro (2015). The most advantage of modeling round-
about structure is to greatly simplify the analysis by not distinguishing between intermediate-good producers
and final-good producers. However, this comes at a cost of ignoring interesting aspects on inter-industry link-
ages such as the reallocation of resources between upstream and downstream sectors.



costs of foreign inputs. Our simple model allows further extensions such as heterogeneous
MNEs in productivity and gradual recovery from negative shocks, none of which have been
examined in the three studies.

Some studies examine the impact of various types of risk on multinational behavior (Aizen-
man, 2003; Aizenman and Marion, 2004; Russ, 2007; Fillat and Garetto, 2015). Aizenman
and Marion (2004) investigate how the volatility of demand and supply shocks affect dif-
ferently market-seeking FDI and efficiency-seeking FDI. Fillat and Garetto (2015) model
multinational entry as a real-option problem, where multinationals show resilience against
negative shocks because of the sunk cost they have paid to enter. Unlike these studies fo-
cusing on risk under uncertainty, our model highlights actual physical damages, given the
context of developing countries vulnerable to severe disasters (ADB, 2013; Sivapuram and
Shaw, 2020). In an extended model with uncertainty, we show that the risk of disasters alone
may lead multinationals to leave the host country before they actually occur (see Section
5.3.3 and Appendix 7).

Simulation studies investigating disaster impact in an economy with industrial linkages
are complementary to ours (Okuyama and Chang, 2004; Henriet et al., 2012; Inoue and Todo,
2019; Galbusera and Giannopoulos, 2018 for a survey).® In an economy where buyer-supplier
relationship constitutes a complex network, Henriet et al. (2012) show how network features
such as concentration, clustering and connectedness between subregions either dampen or
magnify the effects of a natural disaster. We differ from these studies in terms of both
in focus and modeling strategies. They describe regional economies by fixing the location
of production, whereas we emphasize the footloose-ness of internationally mobile MNEs in
developing countries. Although input-output linkages in our model are admittedly far simpler
than theirs, we hope it serves as the first step toward a more comprehensive analysis on

disasters and multinationals.

8For empirical studies on the impact of negative shocks including natural disasters in supply chains, see
Todo et al. (2015); Barrot and Sauvagnat (2016); Carvalho et al. (2020); Dhyne et al. (2021); Gigout and
London (2021); and Kashiwagi et al. (2021).



This paper is also related to the vast body of empirical literature assessing disaster impact
on firm performance.® Recent studies using micro-level data have found that natural disasters
destroy enormous amounts of physical capital, which may be a good chance of updating
capital (Leiter et al., 2009; Vu and Noy, 2018; Okazaki et al., 2019) or a bad one of decreasing
productivity and the survival rates of firms (Tanaka, 2015; Cainelli et al., 2018; Cole et al.,
2019).1°

Only a limited number of empirical studies examined the nexus between natural disasters
and multinationals. They find mixed results on whether the disaster effect is positive or
negative and short- or long term (Escaleras and Register, 2011; Oh and Oetzel, 2011; Anu-
chitworawong and Thampanishvong, 2015; Doytch, 2020; Toner-Rodgers and Friedt, 2020;
Batala et al., 2021; Neise et al., 2021). Doytch (2020) examines sectoral FDI inflows in 69
countries from 1980 to 2011. Her dynamic panel regression results show negative effects in
general, but also suggest that the effects vary depending on the type of disasters, indus-
tries, and regions. Using data from foreign affiliates of 71 European MNEs, Oh and Oetzel
(2011) find that major natural disasters have no significant impact on the number of affil-
iates, whereas terrorist attacks and technological disasters have negative impacts. Closely
examining disaster events in India in 2006-2019, Toner-Rodgers and Friedt (2020) report
persistent intra-national shifts in multinationals’ investment patterns from disaster-affected
regions to non-affected regions. Considering the discontinuous change in equilibrium due to
a huge shock suggested by our theory, one may more likely find a negative effect of disasters
with severe damages in sample countries less equipped with disaster prevention.

The remainder of the paper is structured as follows. The next section presents a moti-

vating empirical example on the disaster impact on FDI. Section 3 describes the model and

9Empirical studies on the disaster impact on economic growth are also extensive. For a summary of
finding, see Tables 1 and 2 in Cavallo and Noy (2011); and Table 1 in Felbermayr and Groschl (2013).
Theoretical contributions in this line include Hallegatte and Dumas (2009); Tkefuji and Horii (2012); Akao
and Sakamoto (2018); and Schubert and Smulders (2019).

10Some studies have reported negative impacts on export and import performance of affected firms at
least in the short run (Ando and Kimura, 2012; Boehm et al., 2019; Elliott et al., 2019).
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characterizes conditions under which different industrial configurations emerge. Section 4
examines the impact of natural disasters and characterizes the conditions under which multi-
nationals show resilience. Section 5 presents two extensions of the basic model. The final

section concludes the paper.

2 Disaster impact on FDI: an empirical example

To motivate theoretical analysis, this subsection provides suggestive evidence on natural
disasters and FDI. We first check whether natural disasters indeed affect FDI inflows. We
then confirm that the impact of disasters on FDI into developing countries has a negative
and long lasting effect when their damages are severe. We utilize country-level data on
FDI in 1991-2015 from the World Bank Development Indicators (WDI) and data on natural
disasters in 1976-2015 from the Emergency Disasters Database (EM-DAT) maintained by
the Centre for Research on the Epidemiology of Disasters.!’ Detailed information on data
sources and summary statistics are provided in Data Appendix.

We regress FDI inflows from the world to country ¢ in year ¢ on the total number of

12 Because the disaster

natural-disaster events that hit country ¢ in ¢t — 1 to ¢t — 7 years.
impact on FDI may differ depending on its intensity, we distinguish between severe and non-
severe disasters. A disaster event is defined as a severe one if it records financial damage
as a share of GDP exceeding its median value for all countries that have ever suffered from
disasters in 1981-2015. Hence, a non-severe event is defined as one if it is equal to or below

the median. In addition, to see whether disaster impacts differ in the level of development,

we interact the accumulated number of disasters with the dummy for developing countries.

1The EM-DAT database is commonly used in studies on natural disasters (e.g., Escaleras and Register,
2011; Felbermayr and Groschl, 2013, 2014; Hallegatte, 2015; Doytch, 2020; Kikkawa and Sasahara, 2020)

12The specification is similar to the one by Escaleras and Register (2011). The key differences, however,
are that (a)we use FDI inflows rather than FDI inflows divided by GDP; that (b)we include dummies for
developing country; and that (c)the accumulated number of prior disasters is decomposed into recent and
past ones in Table 2.



The regression equation is

FDL, =a+p Z(No. of natural disasters); ;s

s=1

+ Z(No. of natural disasters); ;s x (Developing); ;

s=1

+ (Developing); + & 0 + 1; + ¢ + sy,

where 7 takes 1, 5, or 10 years; (Developing);; is the dummy for developing country;'® 7 is
country fixed effect; 0, is year fixed effect; and w;, is the error term. The column vector x;,
includes control variables of the host country, which are considered as essential determinants
of FDI from both the theoretical and empirical literature (Markusen, 2004; Antras and
Yeaple, 2014; Blonigen and Piger, 2014 for reviews), i.e., the log of real GDP (a measure of
market size), the average tariff rate of manufacturing products (a measure of the inverse of
trade openness), and the unit labor cost (a measure of labor costs). As FDI seek greater
demand and lower priced factors, we expect that GDP has a positive effect and the unit labor
cost has a negative effect on FDI inflows. The openness to trade has a mixed effect and may
increase or decrease FDI inflows.!* We use one-year lag of these control variables.
Regression results are shown in Table 1.1 In columns (1) to (3), the disaster variables
count all events regardless of their intensity, while in columns (4) to (6) they count only
severe ones. In the first three columns of Table 1, the estimated coefficients on the disaster

variable are all positive and significant, i.e., 5 > 0,. This may reflect the facts that FDI

13We define developed and developing countries according to the classification of the World Bank; devel-
oped countries are those belonging to the high-income group, while developing countries to the other income
groups.

140n the one hand, low trade openness may increase the entry of multinationals who try to be more
proximate to consumers in the host market. On the other hand, it may decrease the entry of multinationals
who try to export from the host country using low cost factors there. The former case captures motivations
for market seeking, or “horizontal” FDI, while the latter case for efficiency seeking, or “vertical” FDI. The
effect of trade openness on FDI may become more complex when considering other types of FDI. See the
suggested references in the text for details.

B For completeness, we provide the results of regressions without developing-country dummies in Tables
A4 and A5 in Data Appendix.



temporarily away from the disaster-hit economy comes back as it recovers or that natural
disasters provide an opportunity for foreign investors to upgrade capital equipment (see
Doytch, 2020; and Neise et al., 2021 for similar findings). The interaction of the disaster
variable with the developing-country dummy has a negative and significant coefficient in
column (1), i.e., ¥ < 0. The positive effect of prior disasters on current FDI could be smaller
for developing countries than for developed countries, although their base level of FDI is
higher, as indicated by the positive and significant coefficients on the developing-country
dummy in all columns.

Such a heterogeneous disaster impact depending on the level of economic development is
more articulated when we focus on severe events, as shown in columns (4) to (6) of Table
1. The level term of the disaster variable has an insignificant estimated coefficient in the
three columns, while its interaction with the developing-country dummy has a negative and
significant coefficient in columns (5) and (6), i.e., ¥ < 0. FDI into developing countries
negatively respond to severe disasters in the last 5 or 10 years, while FDI into developed
countries do not. This suggests the vulnerability of developing countries to disasters possibly
due to insufficient resources for disaster prevention.

In all columns of Table 1, the lagged value of log(GDP) is consistently positive and
significant, as we expected. The lagged value of Tariff, a measure of the inverse of trade
openness, is consistently negative and largely significant. This may suggest FDI in our
sample uses their host country as a base for exporting to the other countries. The lagged

value of Unit labor cost is not significant and unexpectedly positive in some cases.
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Table 1. Disaster impact on FDI

Dependent variable : FDI inflows (billion USD)

All disasters Severe disasters
(1) 2) 3) (4) (5) (6)
No. of disaster in the prior year 7.816*** -2.446
(2.318) (2.713)
(No. of disaster in the prior year)  -5.224** -0.421
x(Developing dummy) (2.576) (3_292)
No. of disaster in the prior 5 years 2.581** 0.938
(0.750) (1.648)
(No. of disaster in the prior 5 years) -0.296 -3.968**
= (Developing dummy) (0.817) (1.729)
No. of disaster in the prior 10 years 1.838** 1.234
(0.382) (1.096)
(No. of disaster in the prior 10 years) 0.043 -3 606***
x(Developing dummy) (0.449) (1.133)
Developing dummy 9.718**  6.869* 4.735* 7.850%* 12.540** 16.638***
(2.623) (2.876) (2.860) (2.536) (3.671) (4.191)
log (L.GDP) 12.886™** 11.001*** 11.482***  13.425** 11.872*** 11.995***
(3.205) (2.991) (2.791) (3.248)  (3.151)  (3.158)
L.Tariff -0.379**  -0.276* -0.155 -0.397**  -0.305** -0.364**
(0.183)  (0.161)  (0.140) (0.171)  (0.152)  (0.175)
L.Unit labor cost 1.858 -3.626 -6.681 5.792 4.393 7.039
(7.117)  (6.979) (6.617) (6.921) (6.270)  (6.537)
Country fixed effects v v v v v v
Year fixed effects v v Vv v v v
No. of countries/economies 108 108 108 108 108 108
Observations 2,236 2,236 2,236 2,236 2,236 2,236
R2 0.727 0.733 0.749 0.713 0.717 0.718

Notes: Robust standard errors clustered at regionxyear (5 x 25) are in parentheses. The sample
period is from 1991 to 2015. FDI inflows (billion USD) deflated by the price level of real GDP.
Developed countries are those belonging to the high-income group, while developing countries to
the other income groups, according to the classification of the World Bank. A severe disaster in
country ¢ in year t is defined as one that records financial damages as a share of GDP exceeding its
median for all countries that have ever experienced natural disasters in 1981-2015. A non-severe
disaster in country ¢ in year ¢ is defined as one that is not severe. The three control variables, the
log of real GDP, the average tariff rate, and the unit labor cost, are lagged one year. We exclude
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tax haven countries identified by Hines and Rice (1994).
*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level.

We then explore potential long-lasting effects of disasters by decomposing the number
of disaster events in the prior 10 years into recent and past ones. Namely, the modified
estimation equation includes three disaster variables such that (i)the number of events in the
prior year; (ii)that in the prior 2 to 5 years; and (iii)that in the prior 6 to 10 years. We also
take into account heterogeneous disaster effects depending on the level of development and
the intensity of disasters. Table 2 shows the regression results, where the disaster variables
in column (1) count all events and those in column (2) count only severe events. Picking up
statistically significant coefficients on the interaction terms in column (1), we see that FDI
inflows to developing countries negatively respond to all types of disasters in the prior year
(5.943 — 6.182 = —0.239). In column (2), by contrast, they negatively respond to severe
disasters in the prior 2 to 5 years (2.043 — 5.094 = —3.051) and weakly do so to those in
the prior 6 to 10 years (1.387 — 3.079 = —1.692). These results suggest that if developing
countries are hit by large scale disasters, their negative impact on FDI may continue in the
medium and possibly the long run.

These observations guide our theory in a way such that the negative long-term impact
of disasters could be modeled as a switch between multiple equilibria of industrial configura-
tions. Important aspects are that the equilibrium switch may be likely to occur in developing
counties and to be brought especially by severe disasters. Building a model capturing these
features, our aim is then to characterize the conditions under which FDI in developing coun-

tries shows resilience against substantial disasters.'6

16Country-level FDI net inflows we use here contain information on both withdrawn investments and new
and existing ones. The negative coefficients on the disaster variables mean both that disasters deter new
investments and that they force existing investments to exit. In the basic model, the disaster impact is
modeled as the exit of multinationals from the host country. Ideally, we would use affiliate-level data and see
the effect of disasters on the exit probability of existing affiliates. By contrast, an extended model describing
the (re-)entry of multinationals into the disaster-hit country captures new investment flows (see Section 5.2
and Appendix 4).
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Table 2. Disaster impact on FDI: recent vs. past disasters
Dependent variable : FDI inflows (billion USD)

All disasters Severe disasters
(1) (2)
No. of disaster in the prior year 5.943* -1.955
(2.505) (2.582)
(No. of disaster in the prior year) -6.182** -0.968
x(Developing dummy) 2.712) (3.098)
No. of disaster in the prior 2 to 5 0.904 2.043
years (0.879) (1.838)
(No. of disaster in the prior 2 to 5 0.225 -5.094***
years)x(Developing dummy) (1 031 ) (1 905)
No. of disaster in the prior 6 to 1.848** 1.387
10 years (0.768) (1.512)
(No. of disaster in the prior 6 to 1.083 -3.079*
10 years)x(Developing dummy) (0.904) (1.825)
Developing dummy 5.141* 16.758**
(2.849) (4.199)
log (L.GDP) 11.428** 11.821***
(2.743) (3.245)
L. Tariff -0.090 -0.341*
(0.130) (0.159)
L.Unit labor cost -7.682 6.193
(6.424) (6.375)
Country fixed effects v v
Year fixed effects v v
No. of countries/economies 108 108
Observations 2,236 2,236
R2 0.755 0.719

Notes: Robust standard errors clustered at regionxyear (5 x 25) are in parentheses. The sample
period is from 1991 to 2015. FDI inflows (billion USD) is deflated by the price level of real GDP.
Developed countries are those belonging to the high-income group, while developing countries to
the other income groups, according to the classification of the World Bank. A severe disaster in
country ¢ in year t is defined as one that records financial damages as a share of GDP exceeding its
median for all countries that have ever experienced natural disasters in 1981-2015. A non-severe
disaster in country ¢ in year ¢ is defined as one that is not severe. The three control variables, the
log of real GDP, the average tariff rate, and the unit labor cost, are lagged one year. We exclude
tax haven countries identified by Hines and Rice (1994).
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*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level.

3 The model

Consider the host country and the foreign country, comprising the rest of the world. There
are two sectors: a differentiated-product sector and a homogeneous-product sector. In the
differentiated sector, there are three types of firms: host domestic firms, multinationals, and
foreign domestic firms. The last two are foreign-owned firms. Differentiated varieties have two
roles: final goods for consumers in the two countries and intermediate inputs for host domestic
and multinational firms. To best fit our model in the context of developing countries, the
host-country market is assumed to be small and localized and thus served by only domestic
firms, while the foreign-owned firms serve the non-host country’s market.!” Foreign capital
used as fixed costs of setting up foreign-owned firms is free to choose between the host and
the foreign countries. The structure of our model, depicted in Fig. 1, is close to those of
Markusen and Venables (1999); and Carluccio and Fally (2013). The crucial difference is,
however, that unlike their models we combine local upstream and downstream firms into one
local producer using roundabout production technology (Krugman and Venables, 1995).1
This simplification greatly helps us obtain analytical results, while maintaining a similar
mechanism.

In the homogeneous sector, firms use labor to produce a homogeneous good. We assume
that the good is freely traded and the unit labor requirement is unity. These imply that the
good’s price is equal to both a constant world price and wage. We choose the homogeneous
good as the numéraire, so that both the good price and the wage are unity. Labor is freely

mobile between two sectors, which equalize wages between the sectors.

"We introduce the host country’s market into the basic model in Section 5.3.1 (see Appendix 5 for details).
18 Another important difference of our model from theirs is that we introduce multinationals’ imports of
foreign inputs, as explained below.
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Host country Foreign country

Multinationals [¢----f----- >| Foreign domestic firms

N

; Consumers
Host domestic firms
Consumers Flow of final/intermediate goods: —»
) d Flow of foreign capital: ~ ===-- >

Fig. 1. Model structure

3.1 Tastes and production

Consumers. The representative consumer in the host country has the following utility

function:

U = Qa(qO)licz (1)

o

where (@ = (/ qc(w)ooldw) o ,

and where @ is the composite of the differentiated final goods and ¢°(w) is the consumer
demand for an individual variety of w produced by the host domestic firms. ¢© is the demand
for the numéraire good, « is the expenditure share on final goods, and o > 1 measures the

elasticity of substitution between them. We solve the first-order condition (FOC) of utility
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maximization to obtain demand function for variety w:

(") % )

where P = </p(w)1_”dw) 70,

and where p is the price of the variety and E is the aggregate expenditure on differentiated
goods, which is equal to a « share of income. The income of the representative consumer
consists of labor income and excess profits repatriated by host domestic firms (if not zero).

Noting that host domestic firms are symmetric, the price index, P, reduces to
P = (Np'™7)T~ = Nt=p, (3)

where N is the number (or mass) of domestic firms. We will suppress the variety index of w
in what follows.

Our focus is on the host country; hence, we do not describe in detail the market in the
rest of the world. The demand functions for a typical variety produced by multinational
firms, ¢« = m, and foreign domestic firms, i = f, are

i -0 E* .
o= (5) pr=pD i€ {mfh )

where P* and E* are respectively the price index and the total expenditure on differentiated
goods in the foreign country. The market size of the rest of the world is summarized by a
constant D* = E*(P*)7~L.

Host domestic firms.  Each host domestic firm requires F' amounts of labor for setup
costs. Once established, they use @ units of a Cobb-Douglas composite input to produce one
unit of output. The composite input comprises foreign intermediate inputs (with a share

1 — p) and local intermediate inputs produced by the differentiated sector itself (with a share
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). The price of foreign intermediates is exogenously given by 7pf, where p > 1 is a constant
free-on-board price and 7 > 1 represents trade costs between the host country and the rest

of the world.' The minimized total cost to produce ¢ units of a typical variety is then

C(q) = Prwl="aq + wF = P*aq + F, (5)

noting that the wage is equal to one: w = 1. As the demand elasticity is given by o, which

we will see later, the FOCs for profit maximization yield the usual constant-markup pricing:

p= = aP*, (6)

where we choose a such that @ = (¢ — 1)a/o. From Egs. (3) and (6), we can rewrite the

price index as
ST S
P =qT s NT-2)=m (7)

which decreases with NV because o > 1 and p € (0, 1),

Multinationals. Each multinational firm needs one unit of foreign capital to start
operation and a,, units of a composite input per unit of output. The composite input for
multinationals is different from that for host local firms and is made up of foreign-produced
intermediate inputs (with a share 1 — p,,) and locally-produced intermediate inputs (with a

share pi,,). The cost function for a typical multinational is then

Con(gm) = P (1pi) "™ Qo + T, (8)

where ¢, is given by Eq. (4) and 7, is the rental rate of capital. The FOCs give the optimal

9By contrast, we assume that trade in final goods is freely shipped. Introducing trade costs in final goods
would not change the qualitative results because trade costs both in final and intermediate goods work in
the same way that raise the selling price p,, of multinationals.
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price:

O PHm (T ) 11w

=y PP (Tpy) ' H, (9)
oc—1

Pm =

where a,, is chosen such that a,, = (o — 1)a,,/o.

Foreign domestic firms. Each foreign domestic firm needs one unit of foreign capital for
setup costs and a,, units of foreign intermediate inputs per unit of output. They source all
inputs from the world market and do not incur trade costs. The cost function for a typical

foreign domestic firm is

Crlay) = putmay + 7y, (10)

where 7y is the rental rate of foreign capital for foreign firms. The optimal price for the
variety is simply given by ps = a,,pj,.

Finally, we need to consider clearing conditions for goods and labor markets. The total
output for the variety produced by each host local firm, ¢, must be equal to the sum of
consumer demand and the intermediate-input demand by multinationals and host local firms

themselves. By using Eq. (2) and applying Shepard’s lemma to Eqgs. (5) and (7), we obtain

P op Op
:p—a [PO'—IE + NMPU+N—1’d“q + NmMmPO'-HJm—l(sz)l—,um’qum] , (11)

¢ <%>"E+N6’C(Q) NmaCm(qm)

noting that the demand elasticity is equal to the elasticity of substitution between varieties
0.

Similarly, the labor demand in the differentiated sector can be derived by applying Shep-
ard’s lemma to Eq. (5): N -90C(q)/0w = N |[(1 — p)P*aq + F]. The labor-market clearing
requires that the sum of the labor demand in both the differentiated and the numéraire sec-

tors must be equal to the total workforce in the host country, L. It determines the upper
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bound of N such that N < N = L/F[o(1—u)+u] (see Appendix 1). In the numéraire sector,
its labor demand and thus its outputs are adjusted in a way such that imports/exports of

the good are balanced.

3.2 Industry equilibrium

All three types of firms freely enter and exit from the differentiated sector. Let I = pg—C(q)
be the excess profit of domestic firms, i.e., operating profits minus fixed costs. Then, entry
occurs when II > 0, while exit occurs when IT < 0. This adjustment process stops at the
point where host domestic firms break even, that is, II = 0. Using Egs. (5), (6), and (10),

we can derive the combinations of N and N,, that satisfy Il = 0 as

II=pq—C(q) =pg— P'ag— F =0,

— N,, = ON "1 (N —aN), (12)
HEm o—1
oFlo(1 = 1) + 1] [amal™ (rpy) . L
h O = N =
where fmD* (0 — 1) ! Flo(l—p) + o]’

noting that N represents the maximum number of domestic firms the host country can
support, which depends on its workforce, L. We draw a typical IT = 0O-locus in Fig. 2(a).
The locus has an upward slope under a reasonable condition that the expenditure share
on varieties is not sufficiently small such that &« > 1 — (1 — p) /4, which we will assume
throughout the paper.?

We assume a gradual entry-and-exit process such that the entry cost is proportional to the
number of existing host domestic firms: N = I1, where the dot denotes the time derivative.?!
The arrows in Fig. 2 indicate the direction of motions. Above the curve, IT < 0 holds and

host domestic firms exit. Meanwhile, below the curve, II > 0 holds and they enter. It has

*9The II = 0-locus increases with N if N, /ON = ON ' [pmaN + (1 — 1 — pon)N]/(1 = 1) > 0, or
equivalently p,aN+(1—p— )N > 0 holds. A sufficient condition for this inequality is « > 1—(1—p)/ .

2'More rigorous dynamic analyses of location models can be found in Baldwin (2001); Ottaviano (2001);
Boucekkine et al. (2013); and Fujishima and Oyama (2021).
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an upward slope because an increase in the number of multinationals and hence in local
intermediate demand induces the entry of local suppers (i.e., host domestic firms). When N
is small such that N € [0,aN], the costs of sourcing local intermediate inputs, P, are too
high for a positive number of local suppliers to survive. The domestic firms may use up all
labor in the host country, that is, N = N, in which case no further entry is allowed and
incumbents make positive profits.

We turn to multinational and foreign firms. Let II; = p;q; — Ci(q;) be the excess profit
of firm ¢ € {m, f}. Then, free entry and exit lead to II; = 0, where the rental rate of
foreign capital is exactly covered by operating profits: r; = p;q;/o. As a result of the
arbitrage behavior of foreign investors, foreign capital chooses the type of firms that generates

higher rental rate/operating profits. Foreign capital becomes indifferent between becoming

a multinational and a foreign domestic firm when the capital-return differential is zero:

ATm =Tm — Ty :mem/U _prf/U = 07

1-pm (e—1)(1—p)
= N =a T )7 = N, (13)

where we used Egs. (4), (8) to (10) and py = a,,pl. A typical Ar,, = 0-locus is drawn in
Fig. 2(b) with arrows indicating the direction of motion, where K is the total amount of
foreign capital. The locus does not depend on the number of multinationals, N,,, because
the operating profits of both types of firms are independent of N,,. What only matters for
the location decision of foreign capital is the price index of local intermediate inputs, P,
which is a decreasing function of N. The Ar,, = 0-locus, or equivalently the N = Ny-line is
the threshold number of local suppliers above which foreign capital chooses to enter the host
country. When N > N, holds, multinationals can produce at a lower marginal cost than
foreign domestic firms, and thus foreign capital can choose to become a multinational. The
opposite is true when N < Ny holds.

Following the gradual relocation process such that N,, = Ar,, as in the entry-and-exit of
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host domestic firms, the movement of foreign capital stops at either one of the three points:
(i) Ar,, = 0; (ii) Ar,, > 0 and all foreign capital becomes a multinational, i.e., N, = Kj;

and (iii) Ar,, < 0 and all foreign capital becomes a foreign domestic firm, i.e., N,, = 0.

(a) (b)

NTT?, Nm

Ky Ky

LN LN

Fig. 2. Equilibrium curves.

Industry equilibrium, in which both the adjustments of N and N,, are completed, is
determined by the relative positions of the two curves. When Ny < aeN holds, foreign capital
finds it more profitable to become a multinational than to become a foreign domestic firm
even if there are few host domestic firms and hence P is high. More multinationals demand
local intermediate goods, inducing more local suppliers to enter. Consequently, the economy
reaches point Sy : (N, N,,) = (N, K;), a stable equilibrium where both multinationals and
host domestic firms coexist.

Meanwhile, when N, > N holds, no foreign capital prefers to become a multinational.
The unique stable equilibrium is point S, : (N, N,,) = (aN, 0), where only local firms operate
in the host country. Since there are no intermediate-input demand by multinationals, the
number of host domestic firms, aN = aL/F[o(1 — i) + o], is constrained solely by the local

expenditure on differentiated goods, F = aL.

21



When N, is in between aN and N, both points, S; and S, are stable equilibria. Fig.
3 shows this situation. The foreign-capital-return differential is not large enough; hence,
whether to enter the host country or to remain in the foreign country has no definite answer.
Rather, the answer depends on the number of local firms currently prevailing in the host
country. This complementarity between multinationals and local firms creates a coordina-
tion problem. Foreign capital will enter the host country if local production is expected to
expand. If there exists a prospect of multinationals rising intermediate-input demand, more
local suppliers will enter, leading the economy to point S;. The same reasoning applies to
point Sy: local intermediate production is never expected to expand, if there is no prospect
of multinational entry. Which of the two equilibria arises depends on the expectations of
firms/investors and the initial industry configuration (Krugman, 1991; Matsuyama, 1991).
Point U is a saddle but an unstable equilibrium, because our model does not include any

jump variables to put the economy on the saddle path.

N."Tl
Ar, =0 S,
Kf 9

9 A

alN Ng

=

Fig. 3. Multiple equilibria

As N is a function of fixed labor input F, it is convenient to characterize industry equi-
librium using . We assume that (a) the expenditure share on varieties is not too small such

that @« > 1 — (1 — p)/fm, in which case the II = 0-locus has an upward slope, and (b) it
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never touches the upper limit of N,,, that is, a sufficiently large amount of foreign capital

1—p—pm

such that Ky > ON ' (1 —a) (see Eq. (12)). Then we obtain the following proposition.

Proposition 1 (Industry equilibrium). Using the fized labor requirement for a domestic

firm, F, industry equilibrium is characterized as follows:

(i) If F is small such that F < F, = aL/Nylo(1 — ) + |, the configuration in which host
domestic and multinational firms coexist, Sy : (N, N,,) = (N, K}), is the only stable

equilibrium.

(ii) If F is large such that F > F, = L/Nolo(1 — p) + p|, the configuration in which all

multinational firms leave, Sy : (N, N,,) = (aN,0), is the only stable equilibrium.

(iii) If F is intermediate such that F, < F < Fy, both configurations are stable equilibria.

4 Natural disasters and the resilience of FDI

4.1 Adverse shock to local firms

Let us now consider natural disasters in the host country. A disaster impact is modeled as
an adverse shock to the fixed labor input for host domestic firms F', that is, an increase
from F to F + AF with AF > 0. We examine (i) whether the natural disaster changes the
equilibrium configuration, and if so (ii) when such a change is less likely to occur: that is,
when the host economy is more likely to be resilient.

Suppose F is in between F, and F, and that the economy is at point S; : (N, N,,) =
(N, K;). Fig. 4(a) depicts this situation and marks the initial point with a double circle. As
shown by the thin dashed line in Fig. 4(b), an increase in F raises labor used in each host

domestic firm and hence reduces the maximum number of local suppliers the host country
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can support, i.e., a decrease from N to N'. It means that more host domestic firms become
unprofitable, moving also the II = 0-locus left. The Ar,, = 0-locus does not change, however,
as F' does not directly enter the operating profits of multinationals and foreign domestic firms.

In Fig. 4(b), the shock is so substantial that the new N = N-line is located to the
left of the Ar,, = 0-locus. The decline in local supplying industry raises input prices and
thus makes multinationals unprofitable. If such an adverse effect reaches a certain threshold,
multinationals suddenly start leaving the host country. Multinational exits in turn decreases
demand for local intermediate goods and causes a further decline in the local industry. The
dotted arrow in Fig. 4(b) traces the industry evolution: it goes left horizontally up to Ny
and then goes lower left, heading for a new equilibrium at point S} : (N, N,,,) = (ozN/, 0), as

indicated by a double mark in Fig. 4(c).

(a) (b)

Ny Noy
A'rm =0 Sl

Ky © K;

o

Fig. 4. Equilibrium switch due to a natural disaster (from panel (a) to (c))
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The condition for the equilibrium switch to occur is

_ L i (0-1)(1—p)
N = <NEU_1[ o *‘1} :
Fr AR —pm+a o= 7 )
L
— F+AF > F,= ,
"7 Nolo(1— ) + 4]
— AF > I, — F = AF,,in. (14)

A natural disaster causes a shift in equilibrium only if the magnitude of shock exceeds a
certain threshold. In addition, as long as location decision is myopic, the equilibrium shift is
permanent.?? This result echoes the long-lasting negative impact of severe disasters on FDI
found by Toner-Rodgers and Friedt (2020) and the motivational observations we laid out in
Table 2.

We can see that the threshold level of shock, AF,,;,, increases with the cost share of
local intermediate goods in multinational production pu,,, and decreases with trade costs 7.
Put differently, as p,, is higher or 7 is lower, the equilibrium switch is less likely to occur.
Multinationals more dependent on low-price local intermediate inputs (higher p,,) make
greater profits, so that they are more likely to stay in the host country despite the decreased
number of local suppliers.?? Lower trade costs play a similar role by reducing the import price
of foreign intermediate goods and thus making multinationals more profitable. Contrary to
the concern of the Bank of Thailand, the 2011 flood did not cause drastic long-run changes in
the location and production of manufacturing MNEs (Haraguchi and Lall, 2015). This may

reflect the fact that Thailand had already established strong linkages with multinationals

22We consider forward-looking location decision in Sections 5.2 and 5.3.3.

23Under the situation where point S; can be an equilibrium, the sourcing costs of local intermediate goods
are not higher than those of foreign intermediate goods, i.e., P < 7p¥ (see Appendix 2 for the proof). In
contrast to f,, the host domestic firm’s input share of local intermediate goods, i, has an ambiguous effect
on AF,,;n. A higher 1 means that host local firms use more roundabout technologies based on intermediate
goods and use less labor. More labor can be devoted to the fixed labor input for potential local firms, leading
to more entry and thus making the price index of local intermediate goods lower. However, a higher 1 may
push the price index up if the local intermediates are more expensive than labor. If the productivity of
domestic firms are sufficiently high such that a < ev (aﬁ)ﬁ, where e is the base of natural log, the former
effect dominates the latter, so that O(AF,,:n)/0p > 0 holds. See Appendix 2 for details.
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and engaged in trade liberalization (Milner et al., 2006; Feliciano and Doytch, 2020).

1—p—pm

Assuming (a) o > 1 — (1 — )/ and (b) Ky > ON * (1 — a) as in Proposition 1,

we can prove the following proposition (see Appendix 2 for the proof).

Proposition 2 (Natural disaster). Suppose that the fized labor input, F, is intermediate
so that multiple equilibria arise, i.e., F € [F,, F}]|, and that the host economy is initially at
point Sy, where multinationals and host domestic firms coexist. If F' increases to F' + AF

due to a natural disaster, then the following holds:

(i) If the level of shock is substantial such that F'+AF > F,, or equivalently AF > AF,;,,

the equilibrium switches from Sy to Sh, where the host country loses all multinationals.

(ii) The threshold level of shock increases with the cost share of local intermediate goods in
multinational production and decreases with trade costs, i.e., O(AFin)/Opm > 0 and
O(AF,in) /0T < 0. That is, the natural disaster is less likely to trigger the equilibrium
switch if multinationals are more dependent on local intermediate goods or they face

lower trade costs.

4.2 Other types of shock

The essence of the above analysis is that the negative shock to local suppliers raises the cost
of local sourcing and hence discourages foreign capital to stay in the host country. Other
types of shocks that directly or indirectly raises the local-input price would give qualitatively
the same result. For example, one can think of additional intra-national trade costs that local
suppliers have to incur when delivering varieties to multinationals and consumers. Through
the destruction of domestic transportation infrastructure, natural disasters may raise intra-

national trade costs, leading to a higher local-input price. This translates into an upward
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shift of the II = 0-locus and a rightward shift of the Ar,, = 0 -locus (i.e., the N = Ny-
line); however, it does not change the N = N-line unlike the case in Section 4.1.2 Our
main results would maintain in this case. That is, if the level of shock is substantial, the
equilibrium switches from the one with both local and multinational firms to the one with
only local firms (Proposition 2(i)). Multinationals are more likely to stay in the disaster-hit
host country if they rely more on local intermediate inputs or they face lower trade costs
(Proposition 2(ii)).

A more straightforward way to model natural disasters is direct shocks to multinationals,
as documented in a number of disaster experiences in developing countries. Supposing that
the fixed cost of capital for setting up a multinational increases from one to F;,, other things
being equal, the capital return generated by multinationals decreases and foreign capital no
longer finds the host country profitable. This results in a rightward shift of the Ar,, = 0-
locus.?> Applying an analogous reasoning, we can confirm qualitatively the same results as

Proposition 2.

5 Extensions

5.1 Multinationals with heterogeneous productivity

In the basic model, multinationals are all homogeneous in productivity. In reality, however,

productivity differs from multinationals, which may lead to heterogeneous responses to dis-

241f intra-national trade costs are modeled as an iceberg cost, denoted by 7 > 1, the price index is modified
as P = [N(7p)=] T+ = (Fa)ﬁNm from Egs. (3) and (7). Since 7 and a enter in a multiplicative
form, both terms have the same effect on the II = 0-curve and the Ar,, = 0-line (see Eqgs. (12) and (13)). An
increase in T as a result of a natural disaster shifts the IT = O-curve upward and the N = Ny-line rightward.
If the increase is so substantial that the N = Ny-line goes beyond the N = N-line, the equilibrium switches
from point S; to S5 (Proposition 2(i)). Higher u,, and lower 7 would move the N = Ny-line left (see Eq.
(13)) and hence make the switch less likely to occur (Proposition 2(ii)).

25As a result of the disaster, the cost function of a typical multinational is modified as C(gy,) =

PHo (rpi ) =Hm G gy + i By and the capital return as r, = pmgm/(0Fy). The Ar,, = 0-locus after
(0-1)(1—p) 1-n
-1 F.im . It can be seen that an increase in F,,

1—pm
L )

moves the Ar,, = 0-locus right and a higher p,, and a lower 7 make the rightward shift smaller, leading to
qualitatively the same results as Proposition 2.

shock is thus given by Ny = a”~
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asters. For example, Hayakawa et al. (2015) report that in the aftermath of the Thailand
2011 floods, changes in sourcing patterns of multinationals differ by their age and size, which
are often associated with their productivity. We will see that introducing heterogeneous pro-
ductive multinationals into the basic model would give richer implications and more realistic
equilibrium configurations.

Heterogeneity comes from a stochastic draw of unit input requirements, a,, = a,,(c—1)/0o,
as in the literature on heterogeneous firm models (Melitz, 2003; Baldwin and Okubo, 2006).
We assume that the cumulative density function of a,, € [a,,, @] takes a truncated Pareto
distribution. Namely, the probability of a multinational drawing productivity lower than a,,
is

P P po_
ap, —ah, ap —1

G(am) =

_p_p__p_ )
al, —am ab, —1

where p > 1 is the shape parameter. We set a,,, to one without loss of generality. In addition,
it is reasonable to assume that high-productive MNEs (lower a,,) enjoy lower trade costs

(lower 7) per unit shipped than low-productive firms due to scale economies in transportation

(Forslid and Okubo, 2015, 2016):%6

7(am) = an,

where v > 0 governs the degree of scale economies in transportation. This specification
implies that most productive firms with a,, = 1 is free from trade costs: 7(1) = 1.

The return to foreign capital depends on its productivity and thus its relocation incentive
also differs by productivity. Given the number of host domestic firms N, Fig. 5 shows a
typical capital-return differential: Ar,,(a,,) = rm(am) —7¢(ay), which captures the incentive

to locate in the host country. The advantage of locating in the host country is a low cost of

Z6Forslid and Okubo (2016) document that the export-to-sales ratio of Japanese firms differs greatly among
firms and is systematically higher for larger exporters.

28



sourcing local intermediate goods, whereas its disadvantage is a high cost of sourcing foreign
intermediate goods. For multinationals with lower a,,, the advantage is more beneficial
because of their larger amount of production, and the disadvantage is smaller thanks to scale
economies of transportation. Hence more productive multinationals have a greater Ar,,(a,,)

and thus a stronger incentive to locate in the host country, as shown in Fig. 5.

ATm ( am)
R
a’m
0 — Oy
1 A
=

Host  Foreign

Fig. 5. Location incentives of multinationals

As in the basic model, we consider a gradual relocation process. Namely, each foreign
capital, initially located in the foreign country, incurs migration costs y to move to the host
country. The migration costs is assumed to be proportional to the flow of migrating capital,
ie, y= Ny, (Baldwin and Okubo, 2006). Fig. 5 tells that the first capital ready to pay the
relocation costs will be those that have the most to gain, i.e., the most efficient foreign capital.
In industry equilibrium where the capital movement ceases, foreign capital with a,, < af
becomes a multinational in the host country, whereas foreign capital with a,, > af remains

in the foreign country, where af is the cut-off productivity at which the two locations are
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indifferent. The number of multinationals is thus given by

_(ag)" =1

K
a —1

R

which increases a,, .

Taking the migration of foreign capital into account, the entry and exit of local suppliers
gradually take place. Fig. 6 illustrates industry equilibria in the (N, N,,) plane, correspond-
ing to Fig. 3. Noteworthily, unlike the basic model, the Ar,,(a®) = 0-locus is no longer a
vertical line. Its upward slope comes from heterogeneous productivity: as the local supply-
ing industry expands and the local-sourcing cost is lower, less productive foreign capital can
enter. As a result, a few but very productive multinationals remain in point Ss. In Appendix

3, we can check that multiple equilibria arise if the fixed labor requirement for setting up a

host domestic firm, F', takes an intermediate value, just like the basic model (Proposition

1(iii)).

NITI,

0 N N

Fig. 6. Industrial configurations under heterogeneous multinationals

Considering the effect of an increase in F' due to a natural disaster as in Section 4.1, we
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can see in Fig. 7 qualitatively the same changes and the same intuition behind them as in the
basic model. That is, the II = 0-curve moves up simply because lower profitability shrinks
the area where host local firms can survive. The total number of local firms that the host

country can accommodate decreases so that the N = N-line moves left. As a result of these

R
m

shifts, the new II" = 0-curve may no longer intersect at point U with the Ar,,(a;}) = 0-curve,
in which case the equilibrium would switch from S; with many multinationals to S} with
few multinationals. The unique but interesting difference from the basic model is clear from
the new equilibrium S5: the most efficient multinationals are the ones that remain in the

disaster-hit country.?”

an
Ky
Sy
Ap ,l(afi) =0
/

II=00
N

N

Fig. 7. Impact of a natural disaster under heterogeneous multinationals

It can also be checked that if multinationals are more dependent on local suppliers (higher
tm), the disaster is less likely to trigger the equilibrium switch.?® By imposing assumptions
similar to those in Propositions 1 and 2, we can formally prove the following proposition.

The proof and explicit expressions are given in Appendix 3.

2"This relocation pattern holds also when the disaster does not trigger the equilibrium switch. An increase
in F' moves the N = N-line left, thereby decreasing N, at equilibrium S; along the Ar,,(aZ) = 0-locus.
The decrease in N,, = G(aZ)K; is equivalent with an decrease in aff, implying that the least efficient
multinationals are the first to leave the host country.

28This result comes from the fact that a higher p,, makes smaller the upward shift of the IT = 0-curve.
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Proposition 3 (Heterogeneous multinationals). Assume that multinationals are het-
erogeneous in a way that is specified in the text. Suppose that the fized labor input, F', is
intermediate so that multiple equilibria arise, i.e., F' € (}7’@, ﬁb}, and that the host economy is
matially at point S1 with many multinationals. Consider an increase in F due to a natural

disaster, then the following holds:
(i) Multinationals with higher productivity are more likely to stay in the host country.

(i) The natural disaster is less likely to trigger the equilibrium switch from Sy to Sh, where
the host country loses most of multinationals, if multinationals are more dependent on

local intermediates (higher fi,, ).

5.2 Reconstruction from disasters

We have so far modeled a disaster as a permanent shock. Let us instead consider a temporal
shock and uncover under what conditions foreign capital reenters the gradually recovering
host country. To come to the point, the host country re-attract multinationals earlier, as (a)it
recovers from the disaster more quickly, (b)they are more dependent on local intermediate
goods or (c)they face lower trade costs. These conditions have in common with those in
Proposition 2(ii) and 3(ii).

As long as myopic relocation decision is assumed as before, no foreign capital comes back
to the host country even if it fully recovers from the disaster. To allow for the possibility
of reentering, we need to consider a forward-looking decision making of foreign capital: it
chooses whether to become a multinational or a foreign domestic firm to maximize its lifetime
9

return.?

Consider the situation where the host country is hit by a natural disaster at time s = 0

29We note that under the forward-looking behavior multiple equilibria disappear. If the fixed labor input
F takes a value in between F, and F} and the situation is like Fig. 3, foreign capital chooses point S; at
which it earns a higher flow return than at Ss, so that S; is the unique stable equilibrium. Host domestic
firms also prefer S7 to Sy because they make positive profits at S; and zero profits at Ss. Point S; is better
than S5 in the Pareto sense.
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and all multinationals leave there, corresponding to point S} in Fig. 4(c). Suppose then that
the increased fixed-labor input due to the disaster gradually gets back to the pre-shock level

after some time 7. Specifically, the fixed labor input at time s, denoted by F'(s), is given by

FedT=5) for s€[0,T)
F(s) =

Y

F for s e [T, 00)

where § is the recovery rate and F(0) = Fe’T > F, = L/Ny[o(1 — p) + p] and F < Fy are
assumed. Letting ¢ (< T') be the time at which foreign capital moves from the foreign to the

host country, the lifetime capital return, v(t), is given by

t T e
v(t) = / e rsds +/ e_esrin(s)ds—k/ e %, ds,
0 ¢

T

[
-~ -~

Locate in foreign Locate in host

where 6 > 0 is the discount rate. For s € [0, 1), foreign capital remains in the foreign country
and makes the flow return r;. It locates in the host country from time ¢ onward. The flow
return during recovery period s € [t,T) is 7 (s) and is fully recovered to the pre-shock level
rm(> 1! (s)) for s € [T, 00). The optimal timing of relocation can be derived from maximizing
v(t) with respect to t.

One naturally expects that if reconstruction takes very long time (high 7'), foreign capital
with positive discount rate 6 never relocates to the host country, i.e., t = co. Furthermore, we
see from Section 4.1 that multinationals make greater profits as the share of local intermediate
inputs in multinational production, p,,, is higher or trade costs, 7, are lower. This should
imply that a higher p,, or a lower 7 would push up the timing of multinationals’ reentering,
ie., lower t. Assuming (a) a > 1 — (1 — u)/pt, and (b) Ky > @Nli{%:m(l — «) as in
Propositions 1 and 2, we can establish these arguments in Proposition 4 and formally prove

them in Appendix 4.
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Proposition 4 (Recovery from disaster). Consider the situation where the host country
1s hit by a natural disaster and hosts no multinationals at time s = 0. Suppose that the fized
labor input at time s < T is given by F(s) = Fe’T=3) with F(0) = FeT > Fy and is fully
recovered to the pre-shock level F' < F,, from time s =T onward. On the optimal timing t of

multinational reentering, the following holds:

(i) Multinationals never reenter the host country, i.e., t = 0o, if the recovery time from
the disaster is too long such that T >> T, where T is a bundle of parameters distinct

from T.

(ii) Assuming a range of parameters that ensure interior solutions of optimal timing t €
(0,00), multinationals reenter the host country more quickly, as the recovery time
is shorter (lower T'), multinationals are more dependent on local intermediate goods
(higher pi,,) or they face lower trade costs (lower T), i.e., 0t/OT > 0; Ot/Ou,, < 0; and
ot/or > 0.

5.3 Other extensions
5.3.1 Host country’s market

In the basic model, we assume that multinationals do not serve consumers in the host country.
We can extend it in such a way that multinationals can provide final goods with both the
host and the foreign markets, while foreign local firms still provide with the foreign market
only. In the extended model, foreign capital is more likely to enter the host country rather
than to remain in the foreign country. In fact, we can confirm that in any equilibria there is

a positive number of multinationals. See Appendix 5 for details.
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5.3.2 Endogenous sourcing patterns

In general, natural disasters do not only affect the location choice of multinationals but
also their linkages with local suppliers. To describe the endogenous sourcing patterns, we
allow foreign capital to choose either of the two types of multinationals: one type, called
the H-multinational, with a high cost share in local intermediate inputs 7 and the other
type, called the L-multinational, with a low cost share uZ (< pf). Because building a close
relationship with local suppliers needs huge investment, it is reasonable to assume that the
H-multinational incurs a greater fixed capital input than the L-multinational. Consider
then a natural disaster hitting the host country where the H-multinationals operate, raising
the fixed labor input for local suppliers F'. If the magnitude of the shock is moderate,
multinationals continue to stay in the host country, but they all switch to the L-multinational.
The damaged local industry decreases the profitability of local sourcing and is thus unable to
help multinationals choose the type H, which requires higher fixed setup costs. See Appendix
A6 for details.

5.3.3 Disaster risk and the timing of leaving

Although the basic model assumes no uncertainty and myopic location decisions, empirical
findings suggest that investor perceptions of risk of future disasters may also shape invest-
ment decisions in the long run (Toner-Rodgers and Friedt, 2020). The disaster risk can be
incorporated into the model in a way such that forward-looking multinationals choose the
timing of leaving the host country while expecting future disasters. We can show that even
when the damage of the shock is small, uncertainty itself may lead multinationals to move out
of the host country even before the actual shock hits. The duration of stay becomes shorter

as they perceive a higher frequency of disaster occurrence. See Appendix A6 for details.
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6 Conclusion

This paper has developed a theoretical framework to address the resilience of multinationals
against a severe shock such as natural disasters. Our focus is on two notable aspects of
multinationals, footloose-ness and input-output linkages with local suppliers. These aspects
give rise to multiple equilibria, one in which multinationals help local industry develop and
the other in which multinationals never enter. When a natural disaster seriously damages
local suppliers and thus raises the price of local intermediates, the equilibrium switch occurs:
multinationals leave the host country and shall never return. The extreme case of the com-
plete exit of multinationals can be avoided when allowing for heterogeneous productivity and
the host country’s market. The discontinuous change in equilibrium due to severe disasters
may help explain mixed evidences on the disaster impact on FDI mentioned in Introduction.
When using disaster variables pooling all events with different intensities of damage, one
may fail to find statistically significant coefficients on them. In addition, since the disaster
preparedness of a country typically depends on its economic development level, damages are
more likely to be severe in developing countries than developed ones. Different results may
also come from sample countries with different development levels.

Using the framework, we have identified under what conditions multinationals are more
likely to stay in the disaster-hit host country. The key parameters are the share of local
intermediate inputs in multinational production and trade costs of foreign intermediate in-
puts. In particular, as multinationals rely more on local suppliers and make greater profits
through low sourcing costs, a decline in the local supplying industry due to natural disasters
is less likely to affect their relocation decision. This insight carries over to the case where
multinationals are heterogeneous and the analysis of the timing of disaster reconstruction.

We believe that our model yields rich analytical outcomes, yet remains sufficiently simple
to produce new insights into the nexus between natural disasters and multinationals. The

analysis can be enriched in many ways. One way is to explicitly introduce local upstream
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and downstream firms and allow them to benefit from technology spillovers from multination-
als. Using the extended model, one can distinguish between inter-industry (i.e., horizontal)
and intra-industry (i.e., vertical) spillovers and examine their interactions with natural dis-
asters. The degree of spillovers may decrease when greater disaster risk discourages MNEs’
commitment to local procurement. We leave this and other possible extensions to future

research.

Appendices

Theory Appendix

Appendix 1. Derivations

We here provide detailed derivations of cost function C(q), total demand for a differentiated
product ¢, and free entry conditions.

Al-1. Cost function

The cost-minimization problem for a typical domestic firm producing variety w is

min /p(w')qu(w’)dw' +wl +wF,
{gu@)}ht
I

st ig(w) = 2 [( / qu<w'>”aldw')"01] por,

where ¢,(w') is intermediate demand for variety w’. The symmetry of firms implies ¢(w) = q.
The problem can be solved in two steps. First, we consider the cost-minimization problem
for the differentiated inputs:

min [ p(e/)a ()

{gu(w)}

st Qu= (/ qu(w')agldw')gl.
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The FOCs yield ¢,(w') = [p(w')/P]~?Q,. Using this, we formulate the original problem as

rgir}pQu +wl +wF,
s.t. ag = zPrw'™H,

The FOCs for the above minimization problem give demand functions for the composite
input and labor:

Qu = ,uz,u_“(l — M)_(I_M)P”_lwl_“a“q’
l=01—pzp "1 - M)_(l_“)P“w_“Eq.
By using these results and choosing z as z = /(1 — p)'™*, we obtain the cost function for

the host domestic firm in the main text. The cost function for the multinational is obtained
in a similar way.

A1-2. Total demand

We apply Shephard’s lemma to the cost function given in Eq. (5) to obtain input demand
by domestic firms for variety w:

oC(q)  oOP*
op(w')  Op(w)

-ty (fr-a)”

= (1 o)) P g

= pp(W') "7 P ag,

~wlTMag

S

noting that w = 1. As all host domestic firms are symmetric, the intermediate-good demand
for the variety by them becomes Npup=° P°#~1aq. Similarly, we derive intermediate-good
demand by all multinationals as Ny, p,p,° PP = (rp*)1=#m g, q,. The total demand for
the variety is the sum of these intermediate-good demand and final-good demand (Eq.(2)):

<
Il

-0 F _ N
%) 5+ Nup™ 7 P70 g 4 Noypp™ P70 (p) "

p~7 [P77VE + NP g + Nyt P (7p2) 7 G ] (11)

which is given in the main text.
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A1-3. Free entry conditions

The following expressions are useful for later reference:

1 1
P =qTr NT-2)0-m (A1)
P! = (aP)' T = a N, (a2)
pm 1o p
P = [am P (rpy)t ] = [amaﬁ(nﬂi)l‘“’”] N (A3)

Free entry and exit imply that no host domestic firms enter if their excess profits are
negative, Il = pg — C(q) < 0, while if IT > 0 there are positive entries. As typical domestic
firm breaks even if

0=1II=pq—Clq)

=pq— P'ag — F
o —1o0P*a
=pq — q—F
o o-—1
o—1
=pq — pq — F
o
=pq/o — F,

where we used Eq. (6) from the third to the fourth line. The break-even level of sales of
host domestic firms are thus pqg = o F'. They make positive excess profits if the differentiated
sector uses up local labor so that no further entry into the sector is possible.

We multiply both sides of Eq. (11) by p to get

pq = (£>1U E+ Np <£>10 Paq + Ny pt (£>1U P (rpi) g
_E N o—1loaP" N Ny, 0 — 10, Pt (rpt)t—Hm
N TH o o— 11T HmTN o o—1 m
_E N oc—1 n c—1 N,
- N o mpq e Hm Nmerm

where we used Eq. (3) from the first to the second line and Eqgs. (6) and (9) from the second
to the last line. Solving this equation for pq gives

o - [E fim(o — 1) Ny }

o—ploc—1) N o N Pmdm
E mlc—1)N,, _
o |E o= Ne i0p|
ol—p)+pn N o

When there are no excess profits for host domestic firms, the aggregate expenditure on
differentiated goods is a « share of total labor income: E = awl = alL. Substituting the
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above expression, Eq. (A3) and F = aL into the break even level of sales yields

pq= ok,
o ol pm(oc —1) Nip g e 1 -

mAT TN { a1 (TP um} D*| =oF,

%0(1—u)+u{N o N e ) 0
mD* —1 Hm l=o
— al + HmD(0 = 1) [amafw (Tp;';)l_“’”] NTZiN,, = NF[o(1 = p) + pl,
g
— N, = ON 1% (N — aN), (12)
u o—1
oFlo(1— ) + 4 [amal‘“ (TPZ)I_”'”] - L
where O = " , N= ,
pm D* (0 — 1) Flo(1—p) + yf

which is given in the main text.
Free entry and exit of multinationals and foreign domestic firms drive their excess profits
to zero, which determines their rental rate of capital:

L, = PGm — Con(Gm) = PG — PP (7)) Gy — 1 = 0,
= T = DmGm/0 = pL 7 D* /o,
Iy =prqy — Cplay) = pray — Ppamqy — 15 =0,
_ N o ot
—r=prqs/o = p; °D /o

Foreign capital is indifferent between becoming a multinational and a foreign domestic firm
if the return differential is zero:

Ary =1 — 1= D*(pl 7 — p}_“)/a
= D" [(an P (7)) 7 = (anp) 0] /o,

= 0| {anat )} N 0| g
= Dy [{att ey} N 1m0

Solving this for N gives

i _1} (e=1)(1-4)

N=qa""" [7‘ e (pl) = No, (13)

which is given in the main text.

A1-4. Upper bound of the number of host domestic firms

Aggregate labor demand in the differentiated sector of the host country is the product of
the labor demand by individual local firms and their total number, N. Applying Shephard’s
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lemma to Eq. (5), we obtain

Mg 1=y
N@C(q) _ N@(P w'Maqg + wF)
ow ow
=N [(1 - p)P'w™"aq+ F)

= N[(1 - p)P"aq + F].

We evaluate this at the break-even level of sales, pg = o F, to get

N1 —p)Ptaqg+ F] = N[(1—p)(o—1)pg/o + F]
= N[(1 - p)(o —1)oF/o + F]
= NF[o(1—p)+ 4.

The labor demand must be smaller than the total workforce in the host country, L:

NF[o(1—p)+p] <L,
L
Flo(1—p) + 4

which determines the upper bound of N.

- N < N,

Appendix 2. Impact of natural disaster

A2-1. Proof of Proposition 2

Since Proposition 2(i) is established in the main text, here we prove Proposition 2(ii):
O(AFin)/Otm > 0; O(AF,)/01 < 0. Differentiating AF,,;, defined in Eq. (14) with
respect to ., yields

O(AFpy) 0 L B F}
Opm O [ No{o (1 — p) + p}

o L AN,

N§lo(L—p) + ] Opm

L 8 o1 [ dzEmo g (o-1)(1—p)

T Ne(T— )+ 4] Opm { {T )"} ]
_ L [ o— 1 — 1) o T]

Nelo(1— ) + 4]
_ Lle—-1)(1—-p)nT >0,

- HRTNolo(L—p) + 4] ~

where equality holds at 7 = 1.
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Similarly, differentiating AF,,;, with respect to 7 gives

O(AFp) L N
or Nglo(1 —p)+p] Or
L N (=) - a0 )
Nglo(L—p) +p 7 [tm

Lo -1 —p)(1 - pm) InT
ptmNolo (1 — p) + 4] =0

where equality holds at 7 = 1. These establish Proposition 2(ii).

A2-2. Other issues
We derive the condition for O(AF,;,)/0pn > 0if F € (F,, Fy):

O(AF,,) 0

L
ou _@ {No{a(l—ﬂ)“‘ﬂ} _F}
Lo —1) L I9No

T Nolo(U— ) + 4P Nglo(1—p) + 4] Op

L(c—1) 1 1= 1
~ Nolo(1—p) + 41 [0(1 — )+ p i {T ) }]

A )
> F(o—1) [m +1n {Tlui‘n :)” 1}] = RHS(p).

where from the second-to-last to the last line we used the fact that F' < Fj, or equivalently
Ny < N. A sufficient condition for (AF,,i,)/0p > 0is RHS(u) > 0 for p € (0,1). While
noting that RHS' () > 0 holds. we use the expression of Ny given in Eq. (13) to rewrite
RHS(p) as

RHS() = Flo—1) [0(1_1 In (a7 No) 1

w+p o (o—=1)1-p)
1+ln(a "Ng)}

o oc—1

o (al—v(m)] |

> RHS(0) = (0_1){

> F(o—1)

o oc—1
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The expression in the last line is positive if

1 In (alf"aﬁ)
— + - 7
o o—1

—a< e%(aw)ﬁ.

>0

- I

which is a sufficient condition for O(AF,;,)/0p > 0.

Next we show P < 7p? if there exists Ny > 0 that satisfies Eq. (13) (or equivalently Eq.
(A4)). Let us first look at Eq. (A4):

Aty = D*(amp,)' " [9(N; ) — 1]/ = 0, (Ad)
Lm l1—0o

where g(N; i) = [at=ir! = (p) | N

We consider a range of parameters that ensure the existence of Ny > 0 satisfying Eq. (A4).
Because g(N;0) = 7177 < 1 and g(N; i) > 0, we must have dg(N; pn) /Ot > 0 in order
for Eq. (13) to have a solution for N = Ny > 0. This condition results in 7p}/P > 1:

N' . = o—1
09N i) >=g(N;um)-1n {Tpi(af\hi”) } >0,

Olbm
) 1 qo-1
— In {sz (aNﬁ> 1“} >0,

__1
1 =

— TP, (aN?> o =71p. /P >1,

noting that the derivative of f(z) = a*@bP@ is given by f'(z) = f(z)In [V @pF @]

Appendix 3. Multinationals with heterogeneous productivity

A3-1. Location condition of multinationals

Using the results in Appendix A1-3, we can write the return differential of foreign capital as

Arp(am) = Tim(@m) — Tf(am)
= Pmlam)tm(am) /o — pram)qs(amn)/o
= D" [ m(am)l_a - pf(af)l_a}

Hm

= D | {aFH @) 1 g

m l—0o

= D" (anp)"™° [{au(aw-ﬂm ()b N - 1} /o,

=
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noting that 7(a,,) = a},. The cut-off productivity, aZ, is given by the solution of Ar,,(a?) =

0. Noting that the big square bracket term in the above expression decreases with a,, because
Y(1—pm)(1—0c) < 0, the return differential is positive (or negative) if a,, < a® (or a,, > al).
We can explicitly solve for the cut-off productivity:

Arp,(aft)y =0,

> (afty =) {125 (o |

l1-0

NT% —1>0,

m

Htm 7(170) _ Mm
— <aR)’Y(1_Hm)(1—O—) — {alﬂt (pZ)—Mm} N -4
1 - 1#'m “m
—al = {aﬂ(p;:)‘l} RN ey sem e

The number of multinationals is expressed as a function of the cut-off productivity:

Ky(ah, — 1)
a’, — 1
— al = [N,,(@, —1)/K; +1]*. (A5)

)

N = Pr(an < ay,) = Glay,) Ky =

Substituting this into the explicit solution of af gives

Hm

[N@y = 1)/ Ky + 14 = Lama(pr) 1} 70 N,

_ PHlm
o N, — 1)/ Kp 1= {ame (i)} N,
Ky

— Ny =
ab —1

PHmM
1 - —u PHmMm
|:{a1—u (pZ)fl} v=pm) NAe—D0-p)0—pm) — | , (A6)

which increases with N because ppiy,/[v(ec —1)(1 — u)(1 — py,)] > 0. Fig. Al(b) draws the

Arp,(af) = 0-locus defined in Eq. (A6), where Ny, at which N,, = 0 holds, is given by

N =0,
_ o—1 \—17(=D(1—p) _ 77
—N=a [(pu) ] == NOa

which is assumed to be greater than one: Ny > 1. The arrows in Fig. Al(b) indicate the
direction of motion of foreign capital. As in the basic model, the area where foreign capital
moves to the host country expands as N increases. Unlike the basic model, however, the
locus is not a vertical line but a upward-sloping curve because the relocation incentive differs
in productivity. High-productive foreign capital is ready to move to the host country with
a small number of suppliers, whereas a sufficient number of local suppliers is necessary for
low-productive one to move.

44



A3-2. Zero-profit conditions of host domestic firms

The goods market clearing condition requires that the total sales must be equal to total
purchase by consumers, host domestic firms and multinationals:

CLR
- P l-0o D -0 i~ P -0 m . i~
Pqa=\35 E+Nul= Ptaq+ Kypim | — Pt 7 (am,)pl] Ao (@ ) dG (@)
P P 2 !
£, o-loal” Kpo—1 [ 0l PP [ (am)ph] "
N mN u (@ )AG (ar,
N—i_'u o a—lq—i_'u N /1 1 Gm(am)dG (ay,)

E o-1 co—1 Ky am
= 37 m N7 mmmde m)s
T+ T+ TS [ e (en)dGan)

noting that multinationals with a,, € [1,a] are in the host country. The integral part in
the right-hand side is

R R

ay, aft -
/ pm(am)qm(am)dG(am) - / pm(am)l_gD* . _pam dam
! 1 ab —1
D~ (17131 1—0o
— / (ot (@) ] N g da
ab — 1
* e aﬁ
- 2 [t ()| Nt [T gl gg,
ab —1 )
* —0 R\Yp __
= _pD [af_u( Z)lumr ]\h“_—u(ﬂlm)#7
ab —1 5

where p=p— (6 — 1)[1 + (1 — )] and pl7 is given by Eq. (A3).
As in Appendix A1-3, we substitute these expressions into the zero-profit condition of
domestic firms, pg = o F', to obtain

pq=okF,
o E Mm(d—l) Kf am
—_— | — e —— m\Ym /)UYm md m = F’
o | D T )G )| = o
o al  pm(c—1)K; pD* pm g V10 (af)P =1
S i =/ 2 (pF ) Hm Nitplm/ — | _ o F
—>0'(1—,U>+,LL|:N+ o Naﬁl—l{m (P2) } ] o
— Ky[(af)? — 1] = ©yN "4 (N — aN),
where p=p— (0 —D[1+~(1— pm)],
Lm 1-o
5 _ play, —oFlo(l — p) + ] [aﬂ(pZ)l_“'”] < L
" pmD* (o — 1) C T Flo(l—p) 44

noting that the upper bound of the number of domestic firms, N, is the same as that in the
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basic model.
Using Eq. (A5), we can rewrite the above equation as

Ky [{N(@, = 1)/ Ky + 117 = 1] = 8N~ % (W - o),

it {{@)N W —am) 1} - 1] | (A7)
p(@, — VoF[o(1 — p) + pl [affmﬂ(pz)lwm} l—o

where © = éO/Kf - ppmD*K (o — 1)

The IT = 0-locus has an upward-sloping curve as we have assumed a > 1 — (1 — u) /4, Fig.
Al(a) draws the IT = 0-locus with arrows indicating the direction of motion of host domestic
firms.

(a) (b)

Nl’n an
Ky Ky
m=0
—
F
4 N - 1 N
0 oW N 0N, N

Fig. A1l. Equilibrium curves under heterogeneous multinationals

A3-3. Conditions for multiple equilibria

We can tell from Figs. 6 and A1l that multiple equilibria occur if the two equilibrium curves
intersect twice. Sufficient conditions for this are as follows. First, the N-intercept of the
IT = O-curve is greater than or equal to that of the Ar,,(af!) = 0-curve, that is, aN > Nj.
Second, the IT = 0-curve is located above the Ar,,(a®) = O-curve for some N € [aN, N].

Finally, the Ar,,(a2) = 0-curve is located above the I = O-curve at N = N.
The first condition reduces to

~ 25 S - _17(o—1)(1—4)
aN = >No=a" ' [(p)! :
Aol = = o= 007
L ~
— F < = a =F5.

~ No[o(1 = p) + 4



The second condition requires that for some N € [N, N], the following hold:

Ky
ar — 1

Ky
ar — 1

>

[{éN‘m(N —aN)+ 1}')/5 1

1 — m
[{alu(p:;)_l} ) NS ED T — 1
~ m _ p/ﬁ 1 7”:7’”1 m
— {@N*h(N —aN)+ 1} > {aﬁ(p;;)—l} ) NS ) |

_ Plm ~
S ONTE(N —aN)+ 1> {aﬁ(p;;)*l} ) N
ol

o(l—p)+p
— F > max{F,0} = F,,

Pim,

) _
} +1> {aﬂ(pii)‘l} A=) N D

—>@1N77 |:FN—

_ PUm -
where F, = O] N5~ l{al—u(p:;)_l} ) N T 1} P
o(l—p)+p

and ©; = O/F.
The third condition implies

—_ppm Plim
Kf [{aliu (p*>—1} v(A—pm) N e-Da-p10-wm) _ 1| >
u

ar —
ab, —1

Ky 1 [{éﬁlm(l . 1}’)/5— 1] ,

1 oS pwm ~__l-p—un p/p
N {al—u (p:;)*l} ™ NAe-DO-p0-um) 5 L QN 1-H (1 _ a) +1 7

N {aﬁ(pz)—l} 7(1 ll«m N—W(g 1)(1 ,u)(l pm) K 1@0N 1”—;7 (1—&)+1

N | w(lﬁﬁzzm) ——$ Lo _ 15
—>Kf> al H(pu) N e=Dl=ml-pm) @ON " (1—a)+1 :Kf.

In sum, the multiple equilibria occurs if the fixed labor input takes an intermediate value
such that F, < F < F} and the amount of foreign capital is so large that Ky > K  holds.

A3-4. Proof of Proposition 3

Since Proposition 3(i) is evident from Fig. 7 and the discussions in the main text, here we
prove Proposition 3(ii). Assume that (a) a > 1 — (1 — p)/pm; (b) Ny = [a(p) 0]t > 1;
(c) K; > Kp; (d) F € (F,, F); and (e) p = p— (0 — D)[1 +~v(1 — pin)]. The first three
assumptions are sort of regularity conditions. Assumption (a) guarantees the upward slope
of the IT = 0-locus in the (N, N,,) plane. Assumptions (b) and (c) respectively ensures a
finite value of expectation and a sufficient number of local suppliers at point Sy. If (¢) did
not hold, the comparative statics with respect to the exponent of N would yield meaningless
results (see Eq. (A7)). Under the last two assumptions, (d) and (e), multiple equilibria arise.

Consider an increase in the fixed labor input F' due to a natural disaster. As in the basic
model, this shock results in (A) a leftward shift of the vertical line N = N; (B) an upward
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shift of the II = O-curve upward; (C) no change in the Ar,,(a®) = 0-curve. Fig. 7 illustrates
these shifts of curves, where the II' = O-curve and the N = N "line are the corresponding
curves after the shock.

It can be seen from from observations (B) and (C) that point S; in Fig. 7 is no longer a
stable equilibrium if the upward shift of the IT = 0-curve is so large that the new I1" = 0-curve
and the Ar,,(a) = 0-curve intersect only once. From Eq. (A7), the shift of the IT = 0-curve
is proportional to

ON, 0 _ — 8 _sm al

B p(@, —olo(1 — p) + yj [a%(p;k)l_ﬂm] 1-o
pimD*Ky(o —1)

As ON,,/OF is greater, point S is less likely to be an stable equilibrium. The magnitude
of the upward shift depends on the share of local intermediate inputs for multinational
production, g, entering both the numerator and the denominator of the term in the last
line. Under our assumption that NO > 1,ie.,In Ng > (, the numerator decreases with fi,,:

e [{am(pz)wm}l—”} = [@1 () “m]l_o In [aﬁ(pz)*l} e

Olhm

Since the denominator unambiguously increases with ,,, the whole term decreases with fi,,:
0?N,, o?
x
OF O,  OFOuy,
p@, —olo(1—p)+p] 0 _ PEUECTIE R
a5~ Nolo i) O [ gt
pD*Ky(o —1) O,

o i ) ST (A

N1 (N — oW)]

< 0.

That is, the upward shift of the II = 0-curve is smaller as p, is higher. This establishes
Proposition 3(ii), stating that multinationals emphasizing local sourcing show the resilience
to natural disasters.
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Appendix 4. Reconstruction from disasters

Supposing that a natural disaster strikes at an initial time s = 0, the fixed labor input for
host domestic firms at time s > 0 is specified as F(s) = Fe’T=%). The fixed input returns to
the pre-shock level F after time T. At point Si, capital return of becoming a multinational
at time s (< T'), denoted by 7, (s), is given by

i K“m l=0 __ 2
rm(s) = (D*/0) |ama=s (tpy)' 7| N(s)i=x
[ Km 1l-0c L iu_i‘u‘
= (D*/o) |amat=r (Tpk)'—Hm ]
(Do) [ ) | | F o= ) + )
[ Hm 1l-0 L {L_WL
— D* . iog *\1—pm
00 ona ) | e
I i 1170 —sm  spm(T—s)
= (D"/o) ama{fu(sz)l_”m N+ 6_6 =
= 'r*me_wwll(—j;;s) for s < T,

where we slightly abuse the notation of r,, and note that the number of host domestic firms
is N =N at S;. We can check r,,, > r; = (a,p})! "7 D* /o if N > Ny (defined in Eq. (13)),
or equivalently F' < Fy, = L/No[o(1 — p) + p).

Letting ¢ (< T') be the time at which foreign capital moves from the foreign to the host
country, its lifetime return is given by

t 00
v(t) E/ e‘esrfds+/ e~ %! (s)ds
0 ¢

t T 00
_0s _ 03um (T—s) —os
= e reds + e = r,ds + e °rypds,  fort <T,
0 t T

where 6 > 0 is the discount rate. The optimal timing of entering the host country is derived
from the following FOC:

_ 08um(T—1)

V'(t) =ery—e 1mn oy, =0,
0 T—1t
—>—«97§—|—ln7“f:—M—i—lnrm7
IL—p
_>0(1—,u+6,um)t:05,umT+ln Ty |
1—p 1—pu T'm
DU
0 if T<T= 'uln I'm
— Qéﬂm Ty
o ! o7~ L (M =% (> 0) it T>T |
- — — | = i
1—u+5um 0 Ty
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noting that r,,, > ry, or equivalently In(r,,/r;) > 0 holds at S;. We can immediately see from
Eq. (A8) that the optimal timing weakly increases with the recovery time, i.e., 9t/9T > 0.
It is indeed smaller than the recovery time 7"

- 1 1—
T-ft=—" P T Hy ()] 0.
1—,u+5,um 0 Ty

The second-order condition (SOC) is

0014y, _ 05mm(T—1)
V() = —0e r; + Him o~ S rm <0,
IL—p
O O (T — t
1—p 1—pn T'm

i (1) g o 22D o (22,
1—pu 1—pn Tm

If the SOC does not hold, the objective function v(t) exhibits a convex one and foreign capital
never moves to the host country, i.e., t = co. The inequality in the last line always holds if
the following sufficient condition holds:

In (fﬂ> +6[t+—6um(t_T)} <In (fﬂ) +6[T+—5Mm(T_T>] <In (T_f)’

— [ 1 —p

5
%m<lﬂ>+ﬂ<m<ﬁ),

1—u Tm

= 1 1—p 1y
T<T=-In|———-—
o 911(5um nn)’

where T is defined over a parameter range that ensures 7 > 0. To the contrary, if T is
sufficiently higher than 7', the SOC is not satisfied and the time of reentering never comes,
i.e., t = 0o, which establishes Proposition 4(i).

Assuming the existence of interior solutions, that is, a parameter range that satisfies t<T
and T € (t,T), we can check that the optimal timing ¢ = t decreases with f:

ot 1 [ 1 —poln(r,/ry) 1—p r
- - (1— —sdor— ——H (I
O (L= p+0pm)* | 0 O (L= ptOpm) =390 o\

_ ! B Ul 01 Gl U STLTORF D S 0 DT GRS S S L 1
(L= 4 0pm)? | 0 1tm Tm T Ty 0 ry

1 (1 — p)(1 = p A4 Optm) 1— 2 2 T'm
- 7= — 827 — (1 — p)?In [ ™ .
(L= p+6pmm)? | Otim n (1= w7 rf <Y
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From the first to the second line, the following relations were used:

Tm 1 l-0__ 1 Hm
— = |:{alﬂ(7'p2)_l} Nl‘“} 7 > 1,
Ty

Nrmfrs) _ i {{ahup;)-l}“ﬁlﬂ ,

Olbm
= L rm {ln (T—m> —In7'°
Hm T f Ty

Similarly, it can be checked that 9t/97 < 0. These establish Proposition 4(ii).

Appendix 5. Host country’s market

We here modify the basic model to allow multinationals to serve the final goods market in
the host country. For simplicity, we assume that host local firms do not produce final goods.
Fig. A2 depicts the structure of the modified setting.

Host country Foreign country

Multinationals |¢====}===-= )l Foreign domestic firms

R

Consumers Consumers

Host domestic firms

Flow of final/intermediate goods: ——»

) g Flow of foreign capital: ~ ==--- >

Fig. A2. Model with the host country’s market

Since there are two price indices in the host country, we change notations and denote the
price index of intermediate goods by P, and that of final goods by P. The demand functions
for a typical variety produced by multinationals and foreign local firms are respectively

_ (pm)—0E+ (pm>—0 E*
m=\"p) PT\p:) P

w= (%)
! P* P*’
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where the price indices are defined as

1

P — [Nmp}n_o— + (Kf - Nm)p}_g} e Y

Pm = am P (Tpy)

P, = Ntop.
Other variables are defined as in the main text. The supply of intermediate goods by host
local firms is equal to the sum of demand by themselves and by multinationals:

q = Npp ? P7 w' g + Ny pimp ™ P (7p5) "
= p 7 [NuP{ ™ g + Nopim B (1pl) ™ G| -

which is different from Eq. (11) in that the price index of intermediate goods is given by P,

and that there are no consumer demand for locally-produced final goods.
As in Appendix A1-3, we can derive sales of a typical intermediate-good variety as

o fm (0 — 1) Ny,

pq:o—u(a—l) p Nmem
o pm(c —1) Ny 4 . .
= —p °(EP° D
o— u(oc—1) o N Pm ( + D),

where D* = E*(P*)° 1,
Using this, we can derive the combinations of N and N,, that make excess profits zero:

II=pq— Plag— F =0,
— pq = 0oF,
— Ny = ON 1= [N — apyn(o — 1)N /o],
o—1
oFlo(1 = ) + ] [amat™ (7p)' ] L

i D (7 1) A P

where O =

Assuming the gradual entry-and-exit process, the number of host domestic firms increases if
the excess profit is positive, i.e., Il = pg—c F > 0, or equivalently N,, > ON~ 1% [N — Qi (0 — 1)N/0],
and it decreases otherwise.

Turning to multinationals and foreign domestic firms, their rental rate of capital is re-
spectively

m = Py C(EP”"' + D*) /o,
ry= p}_"D*/U.
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Taking the difference of the two gives

Ary, =7y — 1y

KEm 122

= D*(ampl ) [{aluTl—um(pz)—um}lg Ni-u — 1] Jo+aL/(cNy,),

noting that the first big square bracket term is positive if N > Ny, where N; is defined in
Eq. (13). Assuming the gradual relocation process, the number of multinationals in the
host country always increases if N > Ny. Supposing N < Ny, the number of multinationals
increases if

Ar,, > 0,

al (amp;k)a_l

— N,, <
D*

Hm
1 — al—WILTI—,Uzm (p;'l)—/lm Nl—p.

and it decreases otherwise.

To make the modified model comparable with the basic model, we further assume (a)
Ky > N [1 — apm(o — 1)/0] to ensure the IT = 0-locus never touches the N,, = K-
line; and (b) g + pm < 1 to ensure the IT = 0-locus has an upward slope.?® Under these
two assumptions, Figs. A3(a) and A3(b) draw the II = 0-locus and the Ar,, = 0-locus

respectively, with arrows indicating the direction of motion of host domestic firms.

(a) (b)
N, m N, m A’T‘m == O

K; K; |

N N
0 api(c — 1)N/jo N 0 N(] N

Fig. A3. Equilibrium curves when multinationals serve the host market

Typical equilibrium configurations are shown in Fig. A4. Unlike Fig. 3 in the main text,
we see a small but positive number of multinationals at point Sy in Fig. A4(a). Noting that

30 Assumption (b) is a sufficient condition for IN,, /JON = ON "1 [ap2, (60— 1)N /o4 (1—pi— pim )N] > 0.
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the intercept of Ar,, = 0-locus is always positive (a«L(a,,p:)’~'/D* > 0), the Ar,, = 0-locus
intersects with the II = 0-locus at a positive N. If the two curves do not intersect, only
S5, where multinationals and host domestic firms coexist, is the unique stable equilibrium
as shown in Fig. A4(b). In both cases, in contrast to the basic model, we see at least some
units of foreign capital coming to the host country in equilibrium.

The intuition is simple: introducing a final good market in the host country for multina-
tionals makes becoming a multinational more profitable than becoming a foreign local firm.
We can also check that an increase in the host’s market size, oL, moves the II = 0-locus
right and shifts up the Ar,, = 0-locus. This change shifts the two curves away from each
other and thus point S; is more likely to be the unique stable equilibrium. Put differently,
as the host market is larger, foreign capital is more likely to be located in the host country.

(a) (b)
N"l N”l

Ar, =0
K, / &

0

=l

Fig. A4. Equilibrium configurations when multinationals serve the host market

The findings are summarized as follows:

Proposition A1 (Host country’s market). Assume that multinationals serve the host

market as well as the foreign market, while domestic firms do not. Assume also (a) Ky >
l—p—pm

N 1= 1 — auy(oc — 1)/0]; and (b) p+ pm < 1. Then, there may be two equilibrium
configurations: Si, where all units of foreign capital enter the host country as multinationals,
and So, where some units of foreign capital do so.

Appendix 6. Endogenous sourcing patterns

We here allow foreign capital to choose the cost share of local intermediate goods, i,
when locating in the host country. There are two types of multinationals, one with high
p called a H-multinational and the other with low u% (< pf) called a L-multinational. To
build a tighter relationship with local suppliers when starting operation, the H-multinational
is likely to incur a greater fixed cost than the L-multinational so that we assume FZ >
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(FLypm /w1 —mm)/km (> FL > 1), As in Appendix Al, we derive the rental rate of
capital for j € {H, L}-multinational as

Ton = P/ (0F7) = (p},) 7D /(0 F"),  j € {H, L},

. l1—0 .
Kin Kin

) ) -0 .
where (p],)'"7 = [an PP (7p) ' 0| = [amal—u(m::)% N

where the superscript j represents the type of multinational. The rental rate of capital for
foreign domestic firms remains unchanged and is given by ry = p}"’D* /o. Comparing the
three rental rates, we see

re>rk>rH o for N €0, Ny),
rk > max{r r;}  for N € [Ny, N1,
rH> ol > e for N € (Ny, 00),
where Ny and NV; are respectively defined as

_ (0-1)(1-1)

1—p
No=a""" [7’ i (pfl)l} (FY)»h ) at which 72 = rL holds,

1—p
Ny = a Nrpr)W=U=m(pH ) pLYWE=E | at which rE = 7, holds.

We slightly abuse the notation of Ny, which is different from Ny defined in Eq. (13) in the
main text. Our assumption that F7 > (FL)sm/tmr@-Dkn-pm)/in > FL > 1 ensures the
above inequalities on the rental rates and also the following inequality:

N1 >N2 >N0,

1—pm

where Ny =a”* |:T i (pr)!

1—p

(F™yell | at which 721 = r; holds.

H }(U—lxl—u)

Under the gradual relocation process, the ranking of capital return implies the following
movement. Letting N7, be the number of type-j € {H, L} multinationals and N; be the
number of foreign domestic firms, as time goes by, Ny increases if N € [0, Ny); N increases
if N € [Ny, N1); NH increases if N € [Nj,00). Conditional on entering the host country,
multinationals choose a higher degree of local sourcing by incurring higher fixed costs F if
there are many local intermediate-good producers.

Turning to the host domestic firm, supposing that N; < N, the zero-profit condition
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implies

IT=pg—C(q) =0,

L

_HFm —-_— .
N — OLN 1; (N—azi) if N e [O,Ni |
OIN T (N —aN) if N € (Ny,N]
j qo-—1
oF[o(1— 1) + p] |amat s (7p;)1 b L
where ©7 = : , N= , forje{H, L},
(i D*(0 — 1) Flo(1—p) + 4] U Ly
L H

and where we can check that @/ N ™15 > @Y N 12, The I = 0-locus is discontinuous
at Ny, where conditional on entering the host country foreign capital is indifferent between
becoming the H-type multinational and the L-type multinational; It chooses to become a
type-L multinational if N < N; (or equivalently rZ < rH) and it chooses to become a type-H
multinational otherwise.

j —
Under the gradual entry-and-exit process, N increases if N,, > /N _%(N — aN) and
decreases otherwise. A typical equilibrium configuration is shown in Fig. A5. At Sy, all
foreign capital in the host country chooses to become the H-type multinational.

Ny, Ny
‘ i L L _H
m — T'f T _I T
Locate in foreign Locate in host I Locate in host
& Choose type L | & Choose type H
|
K f I ® 5 1
L,
| ——
— r’ﬂ—
I
I
M
l N
0 —

alN

Ny

Fig. A5. Multiple equilibria under endogenous sourcing patterns

Suppose that the host economy is initially at point S; and is hit by a natural disaster,

raising the fixed labor input for domestic firms from F' to F’, where F' € (Fy, F.), Fp

L/No[o(1 — ) + p] and F. = L/Ny[o(1 — u) + p]. As a result, the equilibrium changes
from S; to S}: all foreign capital switches from the H-multinational to the L-multinational,
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as illustrated in Fig. A5. The increased cost of sourcing local intermediate inputs due to
the disaster is not severe enough for foreign capital to leave the host country, but severe
enough for it to reduce the degree of local sourcing. The damaged local industry decreases
the profitability of local sourcing and is thus unable to help multinationals choose the type
H, which needs higher fixed capital requirement F'7.

NE NH
1 e L .
T'm T'_f Sl’ *-----L ---------- Sl
Kf = L ’
| -
/T—:;::;’-
-7 | m=0 !
|
| |
| i
0 ' — N

N N, N

Fig. A6. Disaster impact under endogenous sourcing patterns

1— 7;1,,,%7‘

In sum, assuming (a)a > 1 — (1 — p)/pl; (B)K; > OLN '+ (1 — a); (c)FH >
(FLy#m/ i @=Dwm—pm)/ i and (d)N; < N, we obtain the following proposition.

Proposition A2 (Disaster impact under Endogenous sourcing patterns). The basic
model 1s modified in a way such that conditional on entering the host country foreign capital
chooses to become an either of the two types of multinationals, H or L. The H-multinational
has a higher cost share in local intermediate goods and a higher fized capital input than the
L-multinational, i.e., p? > pL and F¥ > FL > 1.

Consider the situation where the host economy is initially at point Sy and all foreign capital
in the host country chooses to become the H-multinational. Supposing that a natural disaster
hits there and the fized labor input for host domestic firms increases from F' to F' € (Fy, F,),
where Fyy = L/No[o(1 —p)+p] and F. = L/Ny[o(1 — ) + p], all the H-multinationals switch
to the L-multinational and decrease the degree of local sourcing.

Appendix 7. Disaster risk and the timing of leaving

We here examine the effect of disaster risk on the location choice of foreign capital by in-
troducing uncertainty on the timing of shock. As in the analysis of the timing of reentering
in Section 5.2, foreign capital makes dynamic location decisions so as to maximize its life-
time return. Let us consider the situation where all foreign capital is initially located in the
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host country, corresponding to equilibrium S;, and a shock hits there at time s = T > 0.
The shock raises the fixed labor input for domestic firms from F to F’, where we assume
F' < F, = L/Nylo(1—p)+p] and Ny is defined in Eq. (13). The flow returns of multinational
and foreign firms are

l1—0c Hm

T'm = (D*/0) [amaffmu(Tpi)l_”m} N+ forse|0,7)

"

Hm 1-0o J— m
= (D*/0) [amaﬂ(TpZ)l—um} N’) ,  forse [l 00)
ry= p}*aD*/a, for s € [0, 00),
L L —
> =N.
Flo(1—p)+p] ~ Flo(l—p)+pyl

where N =

Under F < F,, we have r,, > 1/, > ry. The shock is so small that staying in the disaster-hit
host country is still more profitable than in the foreign country.

If the timing of shock is known. Suppose that multinationals know the exact timing of
shock, which occurs at time s = T'. Let ¢ be the time at which the multinational leaves the
host country. The lifetime return of foreign capital calculated at time s = 0 is

T t 00
v(t) :/ e‘esrmds+/ e_esr;nds%—/ e %rds.
0 T ¢

J/

TV NV
Locate in host Locate in foreign

It can be easily seen that the optimal behavior is to stay in the host country even after the
shock occurs, i.e., t = co. This is because

T t 0
v(t) :/ eesrmds+/ e %! ds —|—/ e " r;ds
0 T ¢

T o0
< / e % ds + / e~ %! ds = v(t = 00).
0

T

Without uncertainty on the timing of shock, multinationals never leave the host country.

If the timing of shock is unknown. Suppose that multinationals do not know the timing
of shock T and only know it follows a exponential distribution with a cumulative density
function G(T') = 1 — e *. Note that \ is the average arrival rate of shock per unit of time
and a higher A\ means a higher frequency of shocks. Suppose also that after the shock hits at
time 7" multinationals expect the second shock and leave the host country before it comes.
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The expected lifetime return of foreign capital is then

t T t o)
Efv(t)] = / {/ e~ 0Ny ds +/ e_(9+’\)5r;nds] e_’\TdT—l—/ e %rsds
o LJo T ¢

N J/

v~ '

Locate in host Locate in foreign
AT —10) 1 r
_ m m 1 — o~ (O0+20)t 1 _ M - —(0+N)t,.r f -6t
(8+)\)(«9+2)\)[ ¢ J 455 A=) [rm—e )+ e

noting for example that the probability of the first shock not hitting until time s < T is
1 — G(s) = e and thus the expected return of r,, at time s < T is e %r,,[1 — G(s)] =
—(0+XN)s
e T'm.-

Under a sufficiently small discount rate # ~ 0, we derive the FOC with respect to t as
dE[v(t
0] _ ) ) =

where the SOC trivially holds. Solving this equation gives the optimal timing of leaving the
host country:

0 it rp>2(ry —r,)

where the term inside the logarithm is smaller than one if ry < 2(r, — r],). Especially

m

if the flow return of foreign domestic firms is large enough such that r; > 2(r,, — 77,),
multinationals leave the host country at time s = 0. This is in a sharp contrast to the case
without uncertainty. Even though the damage of shock is so small that multinationals make
a higher flow return than foreign domestic firms after the shock, uncertainty itself may lead
foreign capital to move out of the host country before the actual shock hits. If the flow return
of foreign domestic firms is small enough such that ry < 2(r,,, — r},), multinationals stay for
a certain period. The duration becomes smaller when they perceive a higher frequency of
disaster occurrence: dt/d\ < 0.

The findings are summarized as follows.

Proposition A3 (Disaster risk and the timing of leaving). Consider the situation
where the host economy is initially at equilibrium Sy and is then hit by a natural disaster at
time T > 0. The disaster raises the fized labor input from F to F'(< Fy), where ry, > 1l > 1y
holds. On the optimal timing of multinational leaving the host country, the following holds:

(i) If multinationals know the exact timing T, they stay in the host country after the dis-
aster and never leave there.

(i) If multinationals do not know the exact timing T and only know it follows the cumulative
distribution G(T) = 1—e T | they leave the host country at time s = 0 if ry > 2(r;,—71l,)
and do so at time s =t > 0 otherwise.
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Data Appendix

We here provide supplementary tables for empirical examples in Introduction.

Table A1l. Description of variables

Variable Description Source

No. of natural disasters Number of natural disasters that record EM-DAT
positive financial damages.

FDI net inflows deflated by the price level

FDI inflows (billion USD) of real GDP (“pl_gdpo” in PWT, equal to WDI
the PPP divided by the nominal exchange
rate).

Log of real GDP, lagged one year. Real
GDP is output-side real GDP at chained
PPPs in 2017USD (“gdppo”).

log (L. GDP) PWT

Average effective tariff rate of manufactur-
ing products weighted by the product im-
port shares corresponding to each partner
country, lagged one year. Missing values
are linearly interpolated.

L. Tariff (%) WDI

Nominal labor income divided by real
GDP, relative to US value, lagged one
year. It is constructed using the la-
bor share (“labsh”) and the price level

(“plgdpo”).

L. Unit labor cost PWT

Notes: EM-DAT: Emergency Events Database by the Centre for Research on the Epidemiology of
Disasters, https://www.emdat.be/ WDI: World Development Indicators by the World Bank,
https://datatopics.worldbank.org/world-development-indicators/ PWT: Penn World
Table 10.0 (Feenstra et al., 2015), https://www.rug.nl/ggdc/productivity/pwt/?lang=
en
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Table A2. List of countries

Developing countries #89

AGO ARG ARM AZE BDI BEN BFA BGR BIH BLR
BOL BRA BWA CAF CHL CHN CMR COL CPV CRI
CZE DJI DOM ECU EGY EST FJI GEO GRC GTM
HND HRV HUN IDN IND IRN JAM JOR KAZ KEN
KGZ KOR LAO LKA LTU LVA MAR MDA MEX MKD
MNG MOZ MRT MUS MYS NAM NER NGA NIC OMN
PER PHL POL PRT PRY ROU RUS RWA SAU SDN
SEN SRB SVK SVN SWz TCD THA TJK TTO TUN
TUR TZA UKR URY uzB VEN ZAF ZNMB ZWE

Developed countries #39

ARG AUS AUT BEL CAN CHL CZE DEU DNK ESP
EST FIN FRA GBR GRC HRV HUN ISL ISR ITA
JPN KOR LTU LVA NLD NOR NZL OMN POL PRT

RUS SAU SVK SVN SWE TTO URY USA VEN

Notes: Developing countries are those belonging to low-income, lower-middle-income, or upper-
middle-income groups at some point in 1996 to 2015, according to the World Bank. See: https://
datatopics.worldbank.org/world-development-indicators/the-world-by-income-and-region.
html Developed countries are those belonging to high-income group at some point in 1996 to 2015.
The list does not include countries identified as tax havens (“big seven” and “dots”) by Hines and
Rice (1994).

Table A3. Summary statistics

Variable N Mean  Std. Dev. Min Max
FDI inflows 2236 18.892 55845  -35.688 749.13
No. of disaster in the prior year 2236 1.064 2677 0 35
No. of disaster in the prior 5 years 2236 5.002 11.103 0 112
No. of disaster in the prior 10 years 2236 9.502 20.465 0 199
log(L.GDP) 2236 25.71 1.83 21.388 30.535
L. Tariff 2236 8.82 8.022 0 86.48
L.Unit labor cost 2236 0.559 0.358 0.089 2121
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Table A4. Replication of Table 1 without developing-country dummies

Dependent variable : FDI inflows (billion USD)

All disasters Severe disasters
(1) (2) ) 4) ®) (6)
No. of disaster in the prior year 4.689*** -2.741*
(1.212) (1.631)
No. of disaster in the prior 5 years 2.462** -1.737*
(0.482) (0.894)
No. of disaster in the prior 10 years 1.866*** -1.475*
(0.258) (0.583)
log (L.GDP) 11.416*** 10.077*** 10.892*** 12.425"** 11.966*** 11.441***
(3.148) (3.001) (2.903) (3.215) (3.151) (3.127)
L.Tariff -0.391**  -0.294* -0.186 -0.441**  -0402** -0.410*
(0.184) (0.160) (0.136) (0.178) (0.165) (0.177)
L.Unit labor cost -0.702 -5.388 -7.659 4110 4.548 5.637
(7.195) (7.250) (6.955) (7.198) (6.914) (6.798)
Country fixed effects v v v v v v
Year fixed effects v v v v v v
No. of countries/economies 2,236 2,236 2,236 2,236 2,236 2,236
Observations 0.723 0.733 0.748 0.713 0.714 0.714
R2 0.705 0.716 0.732 0.694 0.695 0.696

Notes: Robust standard errors clustered at regionxyear (5 x 25) are in parentheses. The sample
period is from 1991 to 2015. FDI inflows (billion USD) deflated by the price level of real GDP. A
severe disaster in country ¢ in year t is defined as one that records financial damages as a share of
GDP exceeding its median for all countries that have ever experienced natural disasters in 1981—
2015. A non-severe disaster in country 4 in year t is defined as one that is not severe. The three
control variables, the log of real GDP, the average tariff rate, and the unit labor cost, are lagged
one year. We exclude tax haven countries identified by Hines and Rice (1994).

*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level.
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Table A5. Replication of Table 2 without developing-country dummies

Dependent variable : FDI inflows (billion USD)

All disasters Severe disasters
(1) (2)
No. of disaster in the prior year 2.364* -3.077*
(1.319) (1.642)
No. of disaster in the prior 2 to 5 1.152* -1.614*
years (0.614) (0.962)
No. of disaster in the prior 6 to 2.267** -1.026
10 years (0.535) (0.932)
log (L.GDP) 11.363*** 11.532***
(2.907) (3.138)
L.Tariff -0.185 -0.392**
(0.135) (0.166)
L.Unit labor cost -7.131 5.438
(6.776) (6.758)
Country fixed effects v v
Year fixed effects v v
No. of countries/economies 108 108
Observations 2,236 2,236
R2 0.750 0.715

Notes: Robust standard errors clustered at regionxyear (5 x 25) are in parentheses. The sample
period is from 1991 to 2015. FDI inflows (billion USD) deflated by the price level of real GDP. A
severe disaster in country ¢ in year t is defined as one that records financial damages as a share of
GDP exceeding its median for all countries that have ever experienced natural disasters in 1981—
2015. A non-severe disaster in country 4 in year t is defined as one that is not severe. The three
control variables, the log of real GDP, the average tariff rate, and the unit labor cost, are lagged
one year. We exclude tax haven countries identified by Hines and Rice (1994).

*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level.
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