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Abstract
To understand the longer-term consequences of natural disasters for global value 
chains, this paper examines trade in the automobile and electronic sectors after the 
2011 earthquake in Japan. Contrary to widespread expectations, we find that the 
shock did not lead to reshoring, nearshoring, or diversification across non-Japanese 
suppliers; and trade in intermediate products was disrupted less than trade in final 
goods. Imports did shift to new suppliers, especially where dependence on Japan 
was greater. But production relocated to developing countries rather than to other 
top exporters, and to larger countries. The results, showing relative inertia in inter-
mediate goods and the dominance of economic fundamentals (cost and scale) in 
determining sourcing decisions, may help us understand supply chain adjustment 
after other natural disasters, like the COVID-19 pandemic.

JEL Classification F14 · F23 · F63

1 Introduction

Natural disasters impact human lives both directly and through their long-lasting 
economic consequences. With climate change, the frequency of disasters is expected 
to increase, and their likelihood will significantly influence economic decisions. One 
aspect is the risk associated with the interconnected nature of global production and 
trade. The reliance on foreign inputs can lead to a disruption of production when 
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source countries experience a negative shock. Firms may respond to such a shock by 
reconsidering the balance between efficiency and resilience in production, leading 
to long term changes in the structure of global value chains (GVCs) through reshor-
ing, nearshoring and diversification.1 The nature of the long-term impact of natural 
disasters on global value chains and their organization is an empirical question on 
which there is so far limited evidence.

To understand how firms behave when faced with new risks, we examine the 
2011 earthquake in Japan. The earthquake off the Pacific coast of Tōhoku was the 
most powerful ever recorded in Japan. It triggered a tsunami that swept the Japa-
nese mainland, causing devastation of physical infrastructure and approximately 
16,000 deaths. The earthquake also severely disrupted supply chains. For example, 
a shortage of over 100 parts left Toyota’s North American operations operating at 
30 percent capacity for several weeks (Canis 2011). Boehm et al. (2019) show that 
Japanese multinationals in the United States lost access to intermediate inputs and 
experienced severe reductions in production as a result. In the short run, the effects 
were highly disruptive because there were few substitutes for Japanese suppliers. 
For Japanese firms operating in the US, the elasticity of substitution across material 
inputs was estimated to be only 0.2 in the short run.

Most of the existing literature on natural disasters focuses on how GVCs transmit 
shocks, domestically (Carvalho et al. 2016) or internationally (Boehm et al. 2019).2 
In this paper, we study instead the longer-term impact of the 2011 earthquake in 
Japan on trade patterns. We focus on the automobile and electronics industries, for 
which Japan is a key supplier, especially of parts and components. According to the 
World Development Report (World Bank 2020), these are also the two largest GVC 
sectors globally. For instance, as the shock severely affected production of Japanese 
automotive equipment, it had cascading effects on global auto producers such as 
Honda, Opel, Nissan, and General Motors which froze production lines in several 
factories worldwide (Automotive News 2011). In electronics, the problems were 
similar, as many specialized inputs such as connectors, microphones, and sensors 
were produced in Japan and had few or no substitutes (World Bank 2020).

To motivate the analysis, we identify certain patterns in the data. We examine 
imports of auto and electronics in the 15 largest auto producing countries as of 2010 
and in the 15 largest exporters of final electronics products to gauge the longer term 
effect of the earthquake on suppliers.3 The left panel of Fig. 1 shows the average 
shares of products imported from Japan for importers where Japan is not a prom-
inent supplier (less than 15 percent of total imports of that product by the coun-
try). The right panel focuses on importers largely dependent on Japanese suppli-
ers (more than 15 percent of total imports in a product line). The figure shows that 

1 For an analysis of the long-term evolution of global value chains, see Constantinescu et al. (2020) and 
World Bank (2020).
2 An exception is Zhu et al. (2016) which uses Japanese firm-level data from 2010-2013, to show that 
the earthquake increased manufacturing offshoring from Japan among firms in the prefectures most 
affected by the disaster.
3 See Table 6 in the Appendix for the list of countries. While we have data for automobile production by 
countries, we do not have similar data for electronics and therefore rely on export data.
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reliance on Japan dropped sharply following the 2011 earthquake for the countries 
most dependent on Japan. The drop was more than 10 percentage points for the auto 
industry, while in the case of electronics the earthquake appeared to accelerate pre-
existing declining trends. This is prima facie evidence that large shocks do lead to a 
partial reconfiguration of supply chains: while less exposed importers return to near 
pre-crisis operations after the shock, it is the more dependent producers that tend to 
change production structures.4

The analysis relies on a simple identification strategy. We use detailed interna-
tional trade data for automobile and electronics components and final goods to study 
whether in the aftermath of the 2011 earthquake, importers more dependent on 
Japan before the earthquake behaved differently from importers less dependent on 
Japan. Apart from the change in imports from Japan, we also investigate whether the 
2011 earthquake led to a diversification of imports away from Japan and to reshor-
ing or nearshoring of production by more dependent importers.

We find that the earthquake led to a sharp decline in imports from Japan of auto 
parts and finished vehicles of countries more dependent on Japan before the shock. 
Electronics shows a similar pattern to the auto industry, but the decline was less 
pronounced. For both automobiles and electronics, intermediate imports were less 
affected than final imports. Using a continuous measure of dependence, we find 
that the decline in imports for both auto and electronics is more severe the higher 
the importers’ dependence on Japanese suppliers in the period preceding the earth-
quake. We find, somewhat surprisingly, that while diversification increased overall 
in the auto industry due to a shift away from Japan, importers more exposed to Japan 
before the 2011 earthquake did not increase import diversification across non-Jap-
anese suppliers in either automobiles or electronics. There is also no evidence that 
countries re-shored production. In fact, importers more exposed to Japan before the 
2011 earthquake increased total imports, which is consistent with an intensification 
of offshoring rather than reshoring.

An important question relates to which countries picked up the slack as sup-
ply chains reorganized in the aftermath of the 2011 earthquake. We perform a 
difference-in-differences analysis, comparing shifts in trade patterns of high Japan-
dependent products with other products while controlling for importer and product 
specific time-varying shocks. We find that in the years following the shock, pro-
duction relocation decisions were largely driven by fundamentals rather than policy. 
Developing countries, rather than top exporters, were the primary beneficiaries and 
production tended to relocate in larger countries. There is no evidence that supply 
chains were increasingly regionalized or that importers sought nearby suppliers, 
except for final autos where transport costs are especially high.

4 To provide more formal evidence, we estimate the following dynamic specification 
ln
�

importsJPN
ikt

�

=
∑p=+7

p=−4
�pI

�

High Share JPN 2011ik,t+p
�

+ �ik + �it + �kt + �ikt where YJPN
ikt

 are coun-
try i  ’s imports of HS 6-digit product k from Japan. The coefficients of this specification are reported in 
Fig. 3 in Annex.



593Natural Disasters and the Reshaping of Global Value Chains  

The rest of the paper is organized as follows. Section 2 provides a simple frame-
work to think of the effects of natural disasters and the reshaping of supply chains. 
Section 3 studies the impact of the Japanese earthquake on the reconfiguration of 
supply chains. Section  4 takes a closer look at where production moved after the 
shock. Section 5 concludes.

2  Natural Disasters and Supply Chain Reconfiguration

To guide the empirical analysis, we propose a simple framework to think of the 
impact of natural disasters on the reconfiguration of supply chains. To begin with, 
consider the choice from the perspective of a multinational firm that imports from a 
subsidiary located in Japan.5 A disaster that destroys fixed assets like factories will 
accelerate the reallocation of production to hubs where average costs are lower. Note 
that in normal circumstances, a firm would move to another location if the sum of 

Fig. 1  Country share of imports from Japan in auto and electronics (average). Source: 6-digit HS 
1988/92 import data from United Nations Comtrade. Notes: The figures plot Japan’s average market 
share for auto and electronics for country-products in which Japan had an average market share below 
15 percent (left panel “Low Share”) and in country-products in which Japan had an average market share 
greater than 15 percent (right panel “High Share”) calculated over the 2004-2010 period. The sample for 
auto is restricted to the 15 largest auto producers and for electronics to the 15 largest exporters of final 
electronics; in both cases Japan is excluded

5 As noted in the introduction, Boehm et al. (2019) found that Japanese multinationals abroad lost access 
to auto intermediates and experienced severe reductions in production of final goods. The case of arm’s 
length trade is also considered below.
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the cost and insurance savings in the new location were larger than the fixed costs of 
relocation. Specifically, we define the cost of relocation, C = F + S, as the sum of 
the cost of building a factory, F, and the cost of establishing new relationships in the 
new production location, S. The benefit of relocation, B = (c + i) q, depends on the 
scale of production, q (assumed for simplicity to be the same in the two locations), 
the per-unit cost difference, c, and the per unit insurance premium difference, i, in 
the new location. For parsimony, we use a static example, in a dynamic setting the 
cost savings would compound overtime, without changing the qualitative results. A 
firm would relocate if

Before a natural disaster, small differences in unit costs would not induce a relo-
cation—the sunk costs in the existing location create inertia. The event has two 
implications for the decision to relocate production. First, if the factory is destroyed 
as a consequence of the disaster, the cost of building a new factory, F, is no longer 
relevant because it is truly sunk. It disappears from the inequality because it must 
now be paid in both the old and new locations. Although the cost of building new 
relationships, S, must still be incurred in the new location, firms will now be more 
sensitive to cost differences between the old and new locations than if the factory 
were intact.6 If the same factors that affect production cost also affect cost of build-
ing a new factory (for example, exchange rate undervaluation), that will enhance this 
effect. Second, the natural disaster may affect the differential on the insurance pre-
mium between locations. As the old location is riskier, relocating to a new low-risk 
location becomes more attractive.

Figure  2 provides an illustration of the forces at play. Note that finding new 
production locations in the aftermath of a natural disaster has larger benefits the 
higher the dependence on production and hence imports from the exporting country 
(Japan). To see why, note that the expected costs of exposure to a specific source 
for imports are related to the relative importance and riskiness of that source. The 
larger the imports, the greater the disruption caused by a cut off in production in 
that source. The benefits of relocating production can be seen as the inverse of the 
expected costs from the disruption associated with a natural disaster. Accordingly, in 
Fig. 2,  BPRE = (c + i) q shows the benefits of switching away from the risky source 
before the realization of the event as increasing in exposure (i.e., quantity imported 
from Japan). This benefit must be compared with the costs which depend on the 
costs of relocating production and the costs of investing in a new relationship, cap-
tured by the schedule  CPRE = F + S. Before the realization of the natural disaster, 
country-sectors with exposure higher than q*(PRE) would have switched away from 
Japan.

(c + i) q > F + S.

6 The inertia created by the existing capital is documented in the empirical literature. Pelli and Tschopp 
(2017) show for a large panel of countries that shocks to firms’ physical capital caused by natural disas-
ters reduce the opportunity costs for relocation, leading to a reorganization of production relationships 
and trade patterns in a way that is consistent with cost differentials.
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A first question that this framework helps to address is whether to continue sourc-
ing from a country that experiences a natural disaster. Following the recent empiri-
cal literature on behavioral economics—see Bourdeau-Brien and Kryzanowski 
(2020) for the US and Cameron and Shah (2015) for Indonesia—we assume that for 
any given level of dependence, an increase in the perceived riskiness of the source 
increases the expected loss and, hence, the benefit from switching away from it. The 
schedule  BPOST = (c +  iPOST) q depicts the upward shift in benefits due to the upward 
revision in perceived riskiness, and hence the insurance premium differential, after a 
shock. These benefits are compared with the costs, now captured by  CPOST = S.

The model indicates that (a) an increase in perceived riskiness and the destruction 
of physical capital lower the threshold at which firms would choose to switch suppli-
ers (from q*(PRE) to q*(POST) in Fig. 2); and (b) importers that are more depend-
ent on the source (i.e., those with imports higher than q*(POST)) are more likely to 
switch to a different supplier. Note that sectors where the fixed costs of building a 
factory, F, are relatively higher (e.g., auto) would display more inertia even in pres-
ence of larger unit costs differential before a natural disaster. In the figure, the shift 
in C is greater when the fixed cost is larger. The model thus indicates that these sec-
tors would experience a larger relocation of production after a natural disaster rela-
tive to sectors with lower fixed costs (e.g., electronics).

While our analysis has focused on the imports of a multinational firm with a pro-
duction base in Japan, the analysis of an arms-length importer can be considered a 
special case. The reduced inertia due to the destruction of a factory is not relevant, 
and so the impulse to switch sources is primarily due to the increase in the risk pre-
mium following the natural disaster—though the cost differential may also rise if 
factories are not rebuilt. Note, in particular, that the benefits of relocation are again 
positively related to the extent of import dependence on Japan.

Consider now possible differences between intermediate and final goods. The 
costs of switching suppliers, S, are likely to be relatively larger for relationship-spe-
cific intermediate products relative to final goods due to higher search and customiz-
ing costs (Antràs and Chor 2013). Indeed, the data on relationship stickiness in trade 
(Martin et al. 2021) show that auto and electronics parts are stickier than final autos 
and electronics, respectively.7 In the model, this implies that S is relatively more 
important than F in the switching costs for intermediate goods as compared with 
final goods. Thus, the shift down of the C curve will be less pronounced, resulting in 
more inertia. In other words, relationship-specific investments in intermediates rela-
tive to final goods will tend to depress the ability to switch trade partners subsequent 
to shocks, assuming those relationships remain intact.

7 See Fig. 4 in Annex for the distribution of relationship stickiness across industries and types of prod-
ucts.
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3  Impact of the Japanese Earthquake on Supply Chain 
Reconfiguration

In this section, we study how the 2011 earthquake impacted imports from Japan and 
whether it led to more diversification or reshoring of production.

3.1  Impact on imports from Japan

As a first exercise, we investigate whether importers less dependent on Japan as a 
source behaved differently from importers more dependent on Japan in the aftermath 
of the 2011 earthquake. Specifically, we rely on the following specification:

 where YJPN
ikt

 are country i ’s imports of HS 6-digit product k from Japan for the 15 
largest auto producing countries or the 15 largest exporters of final electronics.8,9 
The analysis focuses on the largest auto producing countries as those are the coun-
tries where lead firms located their production facilities. The countries are selected 
based on 2010 motor vehicle production data from the Organisation Internationale 
des Constructeurs d’Automobiles (OICA). As there is no comparable production 
data for electronics, we select the largest exporting countries of final electronics 
based on the 2004−2010 data.10 I

(

HighShareJPN2011ikt
)

 is an indicator variable 
taking value 1 if the importer is dependent on Japanese suppliers in the period 
preceding the earthquake (more than x percent of total imports in a product line 

(1)ln
(

YJPN
ikt

)

= �ik + �it + �kt + �I
(

High Share JPN 2011ikt
)

+ �ikt

q*(PRE)
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BPOST
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qq*(POST)
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Fig. 2  Benefits and costs of switching import sources before and after a natural disaster

8 See Table 6 in Annex for the list of countries in the sample.
9 We use product level bilateral trade data from WITS (UN Comtrade) reported at the 6-digit level in the 
HS 1988/92 classification for the period 2004-2018. See Table 7 in Annex for the list HS6 products.
10 Results are robust to alternative selection methods. See Table  8 in Annex for results for the auto 
industry based on exports of final auto and selection based on imports of intermediates.
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between 2004 and 2010, where x can take value of 15, 10 and 5). The specification 
also includes �ik , �it and �kt , which are, respectively, the importer-sector, importer-
time and sector-time fixed effects. We expect the coefficient of interest, � , to be 
negative if the shock led to a greater drop in reliance on Japan following the 2011 
earthquake for the producers most dependent on Japan. This finding would suggest 
that global value chains reconfigured after the shock.11

Table 1 presents the estimates of Eq. (1) for the impact of the 2011 earthquake 
on imports from Japan. The results show that importers who are more dependent on 
Japan are more likely to reduce imports. The coefficient in columns 1−3 and 5−7 
consider highly dependent imports versus less dependent as defined by the indicated 
threshold (5, 10, or 15). For example, column 1 shows that importers who relied 
on Japan for 15 percent or more of the product reduced imports of autos by 56 per-
cent (exp(−.814)=.44), as compared with those that relied on them for 15 percent or 
less. When the variables for all of the thresholds are included, in columns 4 and 8, 
results show that the declines in imports for both auto and electronics were stronger 
for higher thresholds of dependence on Japan.12 The estimated negative impact on 
imports from Japan varies between around 32 percent for electronics and 56 percent 
for auto—the coefficients for auto are statistically different from those for electron-
ics when using the 15 percent threshold. The stronger effects for the auto industry 
may reflect that on average this sector faces higher fixed costs of building a fac-
tory in this sector relative to electronics. As shown in Section 2, sectors with higher 
fixed costs would experience larger relocation of production after a natural disaster 
that destroyed the factory. Alternatively, the industry may be more sensitive to cost 
savings--a flatter benefits curve or face more elevated insurance costs.

Results in Panels B and C confirm the negative impacts for both intermediates 
and final products. Results in Panel B for auto parts, columns 1−4, and final vehi-
cles, columns 5−8, show that intermediate auto declined between around 50 and 30 
percent, while imports of final auto dropped by around 50 to 70 percent. The impact 
is stronger for final auto and statistically different from auto parts at the 5 percent 
threshold. Results in Panel C show a similar pattern for electronics—we observe a 
stronger, and statistically different, decrease for final electronics than for intermedi-
ate products—but the decline is less severe than the drop for the auto industry. As 
discussed in section 2, the higher search costs associated to finding new suppliers of 

11 As we use aggregate (i.e. national) trade data, we are unable to distinguish between imports from the 
areas directly affected by the earthquake and those that are only indirectly affected through firm-to-firm 
linkages within Japan. From a modeling perspective, firms might be less likely to reorganize their supply 
chains if they are only indirectly exposed to the shock (their supplier in Japan’s supplier was affected) 
than if their own capital was destroyed. In light of this, a negative coefficient using aggregate trade data 
would likely represent a lower-bound as it averages out between the firms that have been directly affected 
and those that have only been indirectly impacted by the earthquake.
12 For instance, to gauge the impact for country-products with a Japan share above 15 percent, we would 
need to sum the coefficients of all the dummy variables (i.e., 5 percent, 10 percent, and 15 percent) as 
these variables are not mutually exclusive. Note that the coefficients in columns 1-3 and 5-7 cannot be 
directly compared since the control groups are different. In columns 4 and 8 they are additive and relative 
to less than 5 percent.



598 C. Freund et al.

Ta
bl

e 
1 

 Im
pa

ct
 o

n 
im

po
rts

 fr
om

 Ja
pa

n

Pa
ne

l A
: A

ll
(1

)
(2

)
(3

)
(4

)
(5

)
(6

)
(7

)
(8

)
A

ut
o

El
ec

tro
ni

cs

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

(D
um

m
y 

sh
ar

e 
20

04
−

20
10

 >
 1

5)
−

0.
81

4*
**

−
0.

57
6*

**
−

0.
38

6*
**

−
0.

10
8

(0
.1

65
)

(0
.1

81
)

(0
.0

57
)

(0
.0

69
)

(D
um

m
y 

sh
ar

e 
20

04
−

20
10

 >
 1

0)
−

0.
69

4*
**

−
0.

14
0

−
0.

46
9*

**
−

0.
22

1*
**

(0
.1

40
)

(0
.1

58
)

(0
.0

50
)

(0
.0

64
)

(D
um

m
y 

sh
ar

e 
20

04
−

20
10

 >
 5

)
−

0.
59

4*
**

−
0.

34
5*

*
−

0.
50

8*
**

−
0.

38
7*

**
(0

.1
28

)
(0

.1
38

)
(0

.0
47

)
(0

.0
51

)
O

bs
er

va
tio

ns
5,

33
6

5,
33

6
5,

33
6

5,
33

6
50

,1
94

50
,1

94
50

,1
94

50
,1

94
R-

sq
ua

re
d

0.
90

3
0.

90
3

0.
90

2
0.

90
4

0.
91

2
0.

91
3

0.
91

3
0.

91
3

Tr
ea

te
d

74
10

9
17

7
17

7
68

3
10

24
17

08
17

08
To

ta
l c

ou
nt

ry
-p

ro
du

ct
s

40
5

40
5

40
5

40
5

39
71

39
71

39
71

39
71

A
ut

o-
El

ec
tro

ni
cs

 >
15

0.
42

8*
*

0.
46

8*
*

A
ut

o-
El

ec
tro

ni
cs

 >
10

0.
22

6
−

0.
08

1
A

ut
o-

El
ec

tro
ni

cs
 >

5
0.

08
5

−
0.

04
2



599Natural Disasters and the Reshaping of Global Value Chains  

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Pa
ne

l B
: A

ut
o

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

In
te

rm
ed

ia
te

 a
ut

o
Fi

na
l a

ut
o

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

(D
um

m
y 

sh
ar

e 
20

04
−

20
10

 >
 1

5)
−

0.
74

8*
**

−
0.

56
0*

**
−

0.
72

3*
−

0.
17

1
(0

.1
60

)
(0

.1
78

)
(0

.4
33

)
(0

.5
11

)
(D

um
m

y 
sh

ar
e 

20
04

−
20

10
 >

 1
0)

−
0.

60
6*

**
−

0.
24

9
−

0.
75

2*
*

−
0.

03
5

(0
.1

46
)

(0
.1

65
)

(0
.3

34
)

(0
.3

46
)

(D
um

m
y 

sh
ar

e 
20

04
−

20
10

 >
 5

)
−

0.
34

0*
*

−
0.

11
4

−
1.

12
1*

**
−

1.
03

5*
**

(0
.1

52
)

(0
.1

55
)

(0
.3

12
)

(0
.3

19
)

O
bs

er
va

tio
ns

3,
74

9
3,

74
9

3,
74

9
3,

74
9

1,
58

7
1,

58
7

1,
58

7
1,

58
7

R-
sq

ua
re

d
0.

91
8

0.
91

8
0.

91
7

0.
91

9
0.

89
6

0.
89

7
0.

89
9

0.
89

9
Tr

ea
te

d
49

75
12

1
12

1
25

34
56

56
To

ta
l c

ou
nt

ry
-p

ro
du

ct
s

28
5

28
5

28
5

28
5

12
0

12
0

12
0

12
0

In
te

rm
ed

ia
te

-F
in

al
 >

15
0.

02
5

0.
38

9
In

te
rm

ed
ia

te
-F

in
al

 >
10

−
0.

14
7

0.
21

3
In

te
rm

ed
ia

te
-F

in
al

 >
5

−
0.

78
1*

*
−

0.
92

1*
**



600 C. Freund et al.

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Pa
ne

l C
: E

le
ct

ro
ni

cs
(1

)
(2

)
(3

)
(4

)
(5

)
(6

)
(7

)
(8

)
In

te
rm

ed
ia

te
 e

le
ct

ro
ni

cs
Fi

na
l e

le
ct

ro
ni

cs

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

lo
g 

of
 im

po
rts

(D
um

m
y 

sh
ar

e 
20

04
−

20
10

 >
 1

5)
−

0.
22

8*
*

−
0.

09
2

−
0.

45
3*

**
−

0.
12

2
(0

.0
99

)
(0

.1
26

)
(0

.0
70

)
(0

.0
81

)
(D

um
m

y 
sh

ar
e 

20
04

−
20

10
 >

 1
0)

−
0.

26
3*

**
−

0.
06

9
−

0.
54

9*
**

−
0.

27
7*

**
(0

.0
86

)
(0

.1
14

)
(0

.0
61

)
(0

.0
77

)
(D

um
m

y 
sh

ar
e 

20
04

−
20

10
 >

 5
)

−
0.

38
6*

**
−

0.
33

6*
**

−
0.

54
8*

**
−

0.
40

0*
**

(0
.0

94
)

(0
.0

98
)

(0
.0

55
)

(0
.0

59
)

O
bs

er
va

tio
ns

13
,8

57
13

,8
57

13
,8

57
13

,8
57

36
,3

37
36

,3
37

36
,3

37
36

,3
37

R-
sq

ua
re

d
0.

92
8

0.
92

8
0.

92
9

0.
92

9
0.

90
4

0.
90

5
0.

90
5

0.
90

5
Tr

ea
te

d
20

8
31

5
53

7
53

7
47

5
70

9
11

71
11

71
To

ta
l c

ou
nt

ry
-p

ro
du

ct
s

10
34

10
34

10
34

10
34

29
37

29
37

29
37

29
37

In
te

rm
ed

ia
te

-F
in

al
 >

15
−

0.
22

5*
−

0.
03

0
In

te
rm

ed
ia

te
-F

in
al

 >
10

−
0.

28
6*

**
−

0.
20

7
In

te
rm

ed
ia

te
-F

in
al

 >
5

−
0.

16
2

−
0.

06
3

Ro
bu

st 
st

an
da

rd
 e

rr
or

s c
lu

ste
re

d 
at

 th
e 

im
po

rte
r-p

ro
du

ct
 le

ve
l a

re
 in

 p
ar

en
th

es
es

. A
ll 

sp
ec

ifi
ca

tio
ns

 in
cl

ud
e 

im
po

rte
r-y

ea
r, 

im
po

rte
r-p

ro
du

ct
, a

nd
 p

ro
du

ct
-y

ea
r fi

xe
d 

eff
ec

ts
. 

Th
e 

sa
m

pl
es

 in
cl

ud
e 

th
e 

to
p 

15
 a

ut
o 

pr
od

uc
er

s 
or

 to
p 

15
 e

xp
or

te
rs

 o
f fi

na
l e

le
ct

ro
ni

cs
 o

th
er

 th
an

 J
ap

an
. T

he
 la

st 
th

re
e 

ro
w

s 
of

 e
ac

h 
pa

ne
l r

ep
or

t t
he

 d
iff

er
en

ce
 b

et
w

ee
n 

co
effi

ci
en

ts
 fo

r a
ut

o 
an

d 
el

ec
tro

ni
cs

 in
 P

an
el

 A
 a

nd
 in

te
rm

ed
ia

te
 a

nd
 fi

na
l i

n 
Pa

ne
l B

 a
nd

 C
**

*p
 <

 0
.0

1;
 *

*p
 <

 0
.0

5;
 *

p 
<

 0
.1



601Natural Disasters and the Reshaping of Global Value Chains  

auto and electronics parts led to lower switching relative to final products, at least 
for the case of the 2011 Japanese earthquake.

3.2  Impact on Diversification

Economic intuition would suggest that importers exposed to risk may seek to diver-
sify their supplier base. From the model, reduce q in any one location so as to reduce 
risk. However, the literature on supply chains stresses the importance of firm-to-firm 
relationships and customized products, suggesting diversification is costly (Antràs 
2019). The relative strengths of these two forces in the aftermath of a natural dis-
aster is not obvious. In this subsection, we investigate whether the 2011 earthquake 
led to a diversification of imports from suppliers other than Japan.13 Specifically, we 
modify Eq. (1) as follows:

where HHIikt is the Herfindahl–Hirschman Index (HHI), a measure of concentration, 
for importer i in product k at time t.14 The set of fixed effects and the indicator vari-
able are as in Eq. (1). The results from Table 1 showed that importers reduced expo-
sure to Japan in those products where there was high dependence, this regressions 
tests whether those imports were replaced with less concentrated suppliers. A nega-
tive sign on the coefficient of interest, � , would indicate that the 2011 earthquake led 
to a diversification of imports away from Japan in those formerly high dependence 
products after the shock.

The results in Table  2 suggest that importers more exposed to the 2011 earth-
quake, those with higher shares of imports sourced from Japan in the pre-shock 
period, did not increase import diversification as a result of the shock. If anything, 
the results for electronics suggest an increase in import concentration for the more 
affected country-products. That is consistent with a post-shock change in risk per-
ceptions that is limited to Japan and does not affect other sources.15 Overall, there is 
no evidence of a systematic increase in diversification following the negative shock 
which suggests that Japan was replaced by other suppliers that did not have large 
market shares.

(2)HHIikt = �ik + �it + �kt + �I
(

High Share JPN 2011ikt
)

+ �ikt

13 We exclude Japan from the calculation because imports from Japan decreased and this could mechani-
cally drive the diversification index. Also, the index allows us to test if importer replaced Japan with 
several suppliers.
14 The formula used to calculate the concentration index is equal to the sum of all the import shares, 
Japan excluded: HHIikt =

∑N

j=1

�

Import Sharejt
�2
. The index varies between 1, which indicates that there 

is only one supplier, to 1/N when all suppliers have the same market share.
15 Table  9 in the Annex reports the results when constructing the HHI which include Japan as well. 
Regression results mostly confirm the findings presented in Table  2. The main difference is that post 
shock import sources are less concentrated for the auto industry when using the 15 percent threshold, 
which is consistent with a switching away from Japan.
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The finding that the shock leads to switching rather than widening sources may 
be because the required relationship-specific investments discourage firms from 
diversifying. For instance, many auto parts are customized and need to meet safety 
standards and other regulatory requirements, making it cost effective to limit the 
number of key suppliers. A complementary explanation relates to the characteristics 
of the industries we are analyzing. For example, it could be that all the conditions 
for producing and exporting vehicles—skills, scale, connectivity, contiguity to large 
markets—are only available in few countries which may limit the scope for import 
diversification.

3.3  Impact on Reshoring

Another possibility is that affected producers moved production home in the after-
math of the natural disaster. If this were the case, we would expect to see importers 
dependent on supplies from Japan reduce total imports of the product in subsequent 
years. To test this hypothesis, we rely on the following specification

 where YTOT
ikt

 are total imports of country i in HS 6-digit product k at time t . The set 
of fixed effects and the indicator variable are again as in Eq. (1). A negative sign 
of the coefficient of interest, � , would indicate a fall in imports of high dependence 
products, consistently with the view that the 2011 earthquake led to a reshoring of 
production.

The results for the impact of the shock on total imports are reported in Table 3. 
There is no evidence that in the aftermath of the shock countries with high depend-
ence on Japan re-shored those activities. The results are robust to the use of differ-
ent thresholds and consistent across industries and intermediate and final products. 
Results in Panel A, column 5, and Panel C, columns 1−3, suggest that for electron-
ics overall imports increased after the Japan shock which could indicate an intensifi-
cation of offshoring of some activities instead reshoring for intermediate electronics.

4  To Which Countries Did Importers Switch?

In this section, we study where importers chose to source from in the aftermath of 
the 2011 earthquake. We perform a difference-in-differences analysis, comparing 
shifts in trade patterns of high Japan-dependent products with other products, and 
allow for heterogenous impacts of the shock depending on country characteristics. 
This method in effect asks what would trade patterns have looked like had the shock 
not happened, using unaffected products (countries with limited imports in the prod-
uct from Japan) as a control group.16 To investigate for differential impacts we esti-
mate the following equation:

(3)ln
(

YTOT
ikt

)

= �ik + �it + �kt + �I
(

High Share JPN 2011ikt
)

+ �ikt

16 The results above on imports from Japan, diversification, and total imports are significant using the 
difference-in-differences approach as well.
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Table 2  Diversification Herfindahl–Hirschman Index (HHI)

Robust standard errors clustered at the importer-product level are in parentheses. All specifications 
include importer-year, importer-product, and product-year fixed effects. The samples include the top 15 
auto producers or top 15 exporters of final electronics other than Japan
***p < 0.01; **p < 0.05; *p < 0.1

Panel A: All (1) (2) (3) (4) (5) (6) (7) (8)

Auto Electronics

HHI HHI HHI HHI HHI HHI HHI HHI

(Dummy share 2004−2010 
> 15)

−0.007 −0.021 0.017*** 0.013**

(0.013) (0.019) (0.005) (0.006)
(Dummy share 2004−2010 

> 10)
0.005 0.022 0.013*** −0.000

(0.013) (0.020) (0.005) (0.006)
(Dummy share 2004−2010 

> 5)
−0.001 −0.006 0.015*** 0.012**

(0.014) (0.015) (0.005) (0.005)
Observations 5,562 5,562 5,562 5,562 52,584 52,584 52,584 52,584
R-squared 0.847 0.847 0.847 0.847 0.799 0.799 0.799 0.799

Panel B: Auto (1) (2) (3) (4) (5) (6) (7) (8)

Intermediate auto Final auto

HHI HHI HHI HHI HHI HHI HHI HHI

(Dummy share 2004−2010 > 15) 0.000 −0.019 0.003 −0.073
(0.015) (0.022) (0.031) (0.046)

(Dummy share 2004−2010 > 10) 0.019 0.035 0.014 0.031
(0.016) (0.022) (0.026) (0.043)

(Dummy share 2004−2010 > 5) −0.001 −0.012 0.036 0.039
(0.017) (0.017) (0.025) (0.033)

Observations 3,818 3,818 3,818 3,818 1,744 1,744 1,744 1,744
R-squared 0.899 0.900 0.899 0.900 0.783 0.783 0.783 0.773

Panel C: 
Electronics

(1) (2) (3) (4) (5) (6) (7) (8)

Intermediate electronics Final electronics

HHI HHI HHI HHI HHI HHI HHI HHI

(Dummy share 
2004−2010 
> 15)

0.025** 0.016 0.014** 0.013*

(0.010) (0.012) (0.006) (0.007)
(Dummy share 

2004−2010 
> 10)

0.022** 0.011 0.009* −0.006

(0.009) (0.012) (0.005) (0.007)
(Dummy share 

2004−2010 
> 5)

0.012 0.003 0.016*** 0.016***

(0.010) (0.010) (0.005) (0.005)
Observations 14,320 14,320 14,320 14,320 38,264 38,264 38,264 38,264
R-squared 0.791 0.791 0.790 0.791 0.804 0.804 0.804 0.804
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where Yijkt are bilateral imports, Japan excluded, at time t and Char(i)j(k)t are a set of 
relevant country characteristics such as level of income and population size or coun-
try-pair characteristics such as geographic distance, whether countries belong to the 
same region, or share the border. We also control for bilateral-sector, importer-time 
and exporter-time fixed effects. The indicator variable I

(

HighShareJPN2011ikt
)

 is 
equal to 1 for importer i in a product line k if Japan’s share exceeded 10 percent dur-
ing the 2004−2010 period.17 A significant coefficient, �2 , would indicate a differen-
tial impact on imports along the Char(i)j(k)t dimension. For instance, a positive coef-
ficient on the interaction term I

(

High Share JPN 2011ikt
)

∗ ln(populationprej) would 
indicate a stronger increase in imports from countries with larger population size in 
the pre-earthquake period.

Information on country and country-pair characteristics come from different sources. 
Bilateral distance in kilometers and an indicator variable that captures if two countries 
share a border are from the CEPII’s GeoDist database (Mayer and Zignago 2011). Country 
characteristics related to population and GDP per capita are from the World Bank World 
Developments Indicators (WDI). Countries’ vulnerability to natural disasters is constructed 
based on the World Risk Index (Bündnis Entwicklung Hilft 2011) and it is defined equal 
to one if the index is greater than 63.3 (i.e., very high risk). The real exchange rate is con-
structed based on data from the Penn World Tables version 9.1 (Feenstra et al. 2015).18 We 
use trade data from WITS to construct an indicator variable equal to one if the exporter was 
among the top 4 suppliers of importer i in HS 6-digit product k in the pre-shock period and 
to compute exporter’s revealed comparative advantage (RCA) index. Data on Free Trade 
Areas (FTA) are from Mario Larch’s Regional Trade Agreements Database from Egger 
and Larch (2008). Finally, we use World Bank’s regional classification to construct an indi-
cator variable equal to one if two countries are located in the same region.19 To reduce 
potential endogeneity concerns, we use averages based on the pre-shock period for all the 
time varying variables, except for the real exchange rate which is lagged.

Table 4 presents the estimates of Eq. (4) focusing on fundamentals: distance, size 
and level of development.20 The negative and significant effect on GDP per capita 

(4)
ln
(

Yijkt
)

=�ijk + �it + �jt + �1I
(

High Share JPN 2011ikt
)

+ �2I
(

High Share JPN 2011ikt
)

× Char(i)j(k)t + �ikt

17 Results are robust to the use of alternative thresholds (i.e., 15 and 5 percent).
18 We follow Rodrik (2008) and define the log of the real effective rate as 
ln
(

RERit

)

= ln(XRATit∕PPPit). Data on exchange rates and power parity conversion factors (PPP) come 
from the Penn World Tables.
19 We modify World Bank’s regional classification and classify Mexico as part of North America.
20 To address the problem of zero trade flows, we implement several robustness tests that are commonly 
used in the trade literature. First, we transform the dependent variable by taking the log of imports plus 
$1; second, we transform the dependent variable by taking the log of imports plus the minimum flow 
observed in the data; finally, we use an inverse hyperbolic sine transformation. Results, available upon 
requests, are robust to these extensions.
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indicates that in the years following the shock, developing countries were more likely 
to be the new sources for imports of auto and electronics.21 For instance, results in 
columns 1 and 2 suggest that an increase in GDP per capita from the level of the 
median upper-middle income to the median high income country decreases exports 
by around 10 percent.22 Similarly, imports tended to originate from larger countries, 
especially for auto parts (column 3) and electronics (columns 5 and 6), perhaps to 
take advantage of economies of scale. The results do not indicate that closer countries 
benefited from the relocation. For electronics, imports tended to relocate to more dis-
tant suppliers reflecting relatively low trade and transport costs.

Table 5 explores the effect of additional country characteristics on exports. There 
is no evidence that firms shun countries at a higher risk of natural disasters. Pro-
duction did not relocate to previous top exporters. Contiguity to the export market 
appears to be a very important determinant of final auto exports (column 4), which 
may be due to the high transport costs of final autos. For auto parts and electron-
ics, there is however no evidence that supply chains were increasingly regionalized. 
The presence of a Free Trade Area (FTA) appears to matter for final electronics. 
As tariffs tend to be higher on final than on intermediate imports, firms might seek 
to relocate final production in FTA members because of tariff escalation. A depre-
ciating exchange rate in the preceding period may have also served to attract pro-
duction in electronics and auto parts. While auto production relocated to countries 
with a revealed comparative advantage in the years preceding the shock, this was not 
the case for electronics. It is possible that these countries had a latent comparative 
advantage in electronics, but the presence of fixed costs of building a factory cre-
ated inertia that prevented production relocation (Section 2). The earthquake, with 
its physical destruction and the need to rebuild, thus allowed these countries’ com-
parative advantage to emerge.

5  Conclusion

This paper investigates the long-term consequences of natural disasters on the 
reconfiguration of global value chains. Focusing on the 2011 earthquake off the 
Pacific coast of Tōhoku in Japan, the largest ever recorded, we study how the shock 
affected trade in automobiles and electronics –two sectors that rely heavily on Japa-
nese suppliers.

We find that countries more dependent on Japanese suppliers before the shock 
experienced larger declines in imports from Japan. But the decrease for interme-
diate auto and electronics was less pronounced than for final products. We find 
no evidence that firms re-shored or nearshored production and increased import 

21 Table 10 in Annex presents the results on the impact of the earthquake on Japan’s share of imports 
from developing countries. The results show that Japan also imported relatively more from developing 
countries following the earthquake.
22 In 2010, the median GDP per capita for upper-middle income economies was USD 5,789 versus USD 
33,700 for high income countries.
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23 See Espitia et al. (2021) for an analysis of the trade impact of COVID-19 during the first six months 
of the pandemic.

diversification to mitigate risk. They also did not switch to other top suppliers. 
Rather firms replaced suppliers from Japan with suppliers from developing coun-
tries and larger countries where scale economies could be realized. We also find that 
in the years following the shock, production relocation decisions were largely driven 
by fundamentals rather than policy.

While COVID-19 is a natural disaster unlike any other in recent times,23 we con-
clude with a brief discussion of how the evidence on the long-term consequences of 
the 2011 earthquake may help understand how firms will reset their supply chains 
after the pandemic. A view shared by many observers is that COVID-19 will lead 
firms to reassess production risks and drastically reorganize their supply chains, 
leading to retrenchment of GVCs (e.g.,Javorcik 2020; Kilic and Marin 2020; Lund 
et  al. 2020; UNCTAD 2020). In contrast, others have argued that the same tech-
nological and institutional factors that have underpinned the international frag-
mentation of production in the past decades would make such retrenchment post-
COVID-19 unlikely, unless there is a radical change in the policy environment 
(Antràs 2021; Baldwin 2020).

Our results suggest that the reshaping of GVCs in the post-COVID-19 world 
may be less pronounced than expected by many observers. Two major differences 
between the current shock and the one studied here are that COVID-19 is a global 
shock, as opposed to the idiosyncratic nature of the 2011 earthquake, and that 
physical capital has not been destroyed. Capital in place coupled with established 
relationships, which are especially important for intermediate goods, will tend to 
reduce the extent of reconfiguration as compared to the Japan shock. Some pro-
ducers dependent on risky suppliers may reassess their location decisions in the 
aftermath of the pandemic--but this is likely to be gradual, given capital in place. 
Sectors and stages of production where search frictions are lower may continue 
or slightly accelerate existing plans to relocate where economic fundamentals 
are more attractive, creating opportunities for developing countries. But broader 
trends toward reshoring, nearshoring or diversification are unlikely to result from 
firms’ decisions to reconsider the balance between efficiency and resilience in 
light of COVID-19, unless supported by pronounced government intervention.

Annex A: Additional figures and tables

See Figs. 3, 4 and Tables 6, 7, 8, 9, 10.
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Fig. 3  Dynamic effects. Note: This figure plots the coefficients βp from the following regression: 

ln
�

importsJPN
ikt

�

=
∑p=+7

p=−4
βpI

�

HighShareJPN2011ik,t+p
�

+ αik + θit + σkt + εikt . Robust standard errors 

clustered at the importer-product level are in parentheses. Error bars show 90% confidence intervals. 
The specification includes importer-year, importer-product, and product-year fixed effects. The samples 
include the top 15 auto producers or top 15 exporters of final electronics other than Japan

Fig. 4  Relationship stickiness. Source: Martin et al. (2021).
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Table 6  Top 15 producers (2010), final exporters (2004−2010), and intermediate importers 
(2004−2010) of auto and electronics

Rank Auto Electronics

Production Final Exports Intermediate 
Imports

Final Exports Intermediate 
Imports

1 China Germany United States China China
2 United States United States Germany United States Hong Kong
3 Germany United Kingdom France Germany United States
4 South Korea France Canada Netherlands Singapore
5 Brazil Canada Spain United Kingdom Germany
6 India Spain United Kingdom Hong Kong South Korea
7 Spain Italy Mexico South Korea Malaysia
8 Mexico Belgium China France Netherlands
9 France South Korea Italy Mexico United Kingdom
10 Canada Mexico Belgium Canada Mexico
11 Thailand Netherlands South Korea Malaysia Philippines
12 Iran China Poland Singapore France
13 Russia Russia Czech Republic Italy Thailand
14 United Kingdom Australia Sweden Switzerland Canada
15 Turkey Sweden Austria Thailand Italy
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Table 7  List of HS 1998/92 products

Intermediate Final

Auto 401110, 840820, 870600, 870710, 
870810, 870821, 870829, 
870831, 870839, 870840, 
870850, 870860, 870870, 
870880, 870891, 870892, 
870893, 870894, 870899

870321, 870322, 870323, 870324, 870331, 870332, 
870333, 870390

Electronics 844360, 844390, 847310, 847321, 
847329, 847330, 847340, 
850611, 850612, 850613, 
850619, 850620, 850710, 
850720, 850730, 850740, 
850780, 851790, 851829, 
851890, 852210, 852290, 
852390, 852490, 852910, 
852990, 853290, 853310, 
853321, 853329, 853331, 
853339, 853340, 853390, 
853400, 854011, 854012, 
854020, 854030, 854041, 
854042, 854049, 854081, 
854089, 854091, 854099, 
854110, 854121, 854129, 
854130, 854140, 854150, 
854160, 854190, 854211, 
854219, 854220, 854280, 
854290, 854390, 854800, 
900990, 901490, 902490, 
902890, 902990, 903090, 
903290, 903300

841990, 842191, 842489, 842490, 842839, 842890, 
843139, 844312, 845690, 846599, 846610, 
846620, 846630, 846691, 846692, 846693, 
846694, 846910, 846921, 846931, 847010, 
847021, 847029, 847030, 847040, 847050, 
847090, 847110, 847120, 847191, 847192, 
847193, 847199, 847210, 847220, 847230, 
847290, 847710, 847740, 847759, 847790, 
847989, 847990, 848071, 850890, 851490, 
851519, 851521, 851529, 851580, 851590, 
851710, 851720, 851730, 851740, 851781, 
851782, 851810, 851821, 851822, 851830, 
851840, 851850, 851910, 851921, 851929, 
851931, 851939, 851940, 851991, 851999, 
852010, 852020, 852031, 852039, 852090, 
852110, 852190, 852510, 852520, 852530, 
852610, 852691, 852692, 852711, 852719, 
852731, 852732, 852739, 852790, 852810, 
852820, 854380, 900610, 900620, 900630, 
900640, 900651, 900652, 900653, 900659, 
900810, 900830, 900911, 900912, 900921, 
900922, 900930, 901090, 901110, 901120, 
901190, 901210, 901290, 901410, 901420, 
901480, 901600, 901720, 901790, 901811, 
901819, 901820, 902111, 902119, 902121, 
902129, 902130, 902140, 902150, 902190, 
902211, 902219, 902221, 902229, 902230, 
902290, 902410, 902480, 902710, 902720, 
902730, 902740, 902750, 902780, 902790, 
902810, 902820, 902830, 902910, 902920, 
903010, 903020, 903031, 903039, 903040, 
903081, 903089, 903210, 903220, 903281, 
903289, 910111, 910112, 910119, 910121, 
910129, 910191, 910199, 910211, 910212, 
910219, 910221, 910229, 910291, 910299, 
910310, 910390, 910511, 910519, 910521, 
910529, 910591, 910599, 920110, 920120, 
920190, 920300, 920410, 920420, 920510, 
920590
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Table 10  Japan’s share of imports from developing countries

Robust standard errors clustered at the product level are in parentheses. All specifications include prod-
uct fixed effects
***p < 0.01; **p < 0.05; *p < 0.1

(1) (2) (3) (4)

Intermediate auto Final auto Intermediate electronics Final electronics
Share Developing Share Developing Share Developing Share Developing

I(year>=2011) 0.095*** 0.084** 0.051** 0.078***
(0.018) (0.035) (0.020) (0.010)

Observations 261 120 948 2,562
R-squared 0.809 0.620 0.682 0.831
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