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Abstract

By exploiting the 1995 Hanshin earthquake in western Japan as an exoge-
nous shock to the container traffic of Northeast Asia, our study shows that
economies of density in the transportation sector can influence transport geog-
raphy. This earthquake caused great damage to the port of Kobe, resulting in
a diversion of its container traffic to the nearby port of Busan, which increased
markedly after this windfall. The strengthened economies of transport density
therefore allowed Busan to expand its hinterland to regions whose container
shipping operations had not even been directly affected by the earthquake,
such as eastern Japan. The empirical evidence from the port choice dynamics
in eastern Japan supports this mechanism. Substantial diversions of container
traffic occurred after 1995 from the major ports in this region to the port of
Busan. Furthermore, these unintended container shipping diversions led to a
structural change in the manufacturing sector of related regions after the late
1990s.
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1 Introduction

The level of unit transportation costs is endogenous to the spatial structure of the
economy, because the distribution of economic activities directly affects trade flows
and, therefore, unit shipping costs decrease in the presence of density economies in
the transportation sector (Behrens et al., 2006). For instance, density economies
arise in the container shipping industry because higher transport density allows for
larger vessels to be used and the more intensive use of port facilities and related
services, resulting in lower transportation costs per unit handled. Based on the
estimates of Mori and Nishikimi (2002), monetary transportation costs from Japan
to Manila (a non-hub port) are, on average, 22.6% higher than those from Japan
to Hong Kong (a hub port), even though these routes are similar in distance.1 In-
creasing returns in transportation provide an incentive for collective cargo transport
and stimulate the development of trunk routes, leading to the endogenous forma-
tion of trunk links and hub-and-spoke transportation structures. Hence, economies
of transport density could be the primary reason for industrial localization (Mori,
2012).

Nevertheless, given the ample evidence of a negative correlation between unit
transportation costs and transport density, few empirical studies have examined the
role of transport density in shaping transport geography, as predicted in theory. This
study bridges this gap by employing a longitudinal prefecture-port level container
traffic dataset of Japan and exploiting the exogenous shock of the 1995 Hanshin
earthquake to Northeast Asia’s container cargo flows.

The Hanshin earthquake destroyed the port of Kobe—the largest container
port of Northeast Asia at the time—in western Japan. Consequently, Kobe’s con-
tainer traffic was largely diverted to Busan, a nearby major port, reintegrating the
container transportation market of Northeast Asia. This exogenous windfall sig-
nificantly increased the traffic flow in Busan, strengthening density economies in
its transportation industry. The costs of transporting cargoes through Busan were
therefore expected to decrease, allowing it to expand outward hinterland even to
regions not directly affected by the disaster, such as eastern Japan, which are close
to Busan but previously were not its hinterland market.

We test the aforementioned mechanism by examining the dynamics of shippers’
port choice behaviors in eastern Japan. This region was historically the hinterland
of the Keihin port area, the largest container carrier in eastern Japan, which covered
more than 80% of the container freight volume before the earthquake.2 However, the
situation was subverted shortly after the earthquake, as port choice behaviors began

1This also applies to time costs. For example, the port of Singapore is a large hub port linked
to international trunk routes with a high frequency of ship calls, making total transportation time
(including the time costs for marshaling, loading, and unloading) to Japan only half that from
Jakarta, albeit with similar distances to Japan (Shipping Gazette, 1997). Similar evidence was
found by Braeutigam et al. (1982), Caves et al. (1984), Brueckner et al. (1992), and Xu et al.
(1994) for various transportation modes.

2The “Keihin port area” refers to the ports of Tokyo and Yokohama, which are around 30
kilometers apart. Similarly, the “Hanshin port area” stands for the ports of Kobe and Osaka.
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to differ among the prefectures in eastern Japan. After 1995, Keihin’s market share
fell dramatically in prefectures relatively far from it (assumed to be Keihin’s less
stable hinterland), whereas those in the vicinity of the Keihin port area (assumed
to be its stable hinterland market) followed their previous port choice strategies.
Keihin’s reduced market share in related prefectures was diverted to the port of
Busan because of its strengthened density economies. These findings are validated by
using a difference-in-difference (DID) estimation strategy comparing the prefectures
far from the Keihin port area to those near Keihin, before and after 1995, and by
eliminating interference from a variety of endogenous factors.

We then analyze the impact of container traffic diversions on the relocation of
economic activities. The empirical evidence, although still preliminary, shows that
prefectures diverting their container cargoes to the port of Busan expanded their
container trade tonnage volumes, whereas trade values (the values of manufacturing
input and output as proxies) were essentially unchanged compared with the control
prefectures after the late 1990s. We interpret these results as more efficient shipping
systems (through the expanded port of Busan) shifting the economic activity in
related regions toward the production of heavy goods (i.e., low value per unit weight).
This is consistent with the results of Duranton et al. (2014), who find that cities in
the United States with dense highways specialize in sectors producing heavy goods.

This study contributes to two strands of the literature. First, to the best of
our knowledge, this is the first study to provide empirical evidence that density
economies in the transportation sector can influence transport (or economic) geog-
raphy, which is consistent with existing theoretical studies such as Behrens et al.
(2006) and Mori (2012). Second, our analysis adds to the literature on the evidence
of multiple equilibria in economic locations, such as Davis and Weinstein (2001,
2008), Bosker et al. (2007), and Redding et al. (2011), which has hitherto been far
from conclusive.

In the existing literature on multiple equilibria, Redding et al.’s (2011) work
is most relevant to this study. They examine the development of German airports
before and after Germany’s division following World War II and identify the shift
of the air hub from Berlin to Frankfurt as the presence of multiple equilibria in
industry location. Our study differs from Redding et al.’s in two respects. First,
we use port-prefecture level container traffic data, whereas they rely on aggregate
airport level traffic variations; one important advantage of our disaggregated data
approach is that it allows us to identify the source and heterogeneity of transport
traffic changes and exploit the underlying mechanism. Second, we study related
issues from a cross-country perspective instead of a closed-economy one: since the
leading hubs for container shipping, as well as air transportation, are generally
positioned globally, restricting the related analysis to a closed-economy perspective
may lead to a one-sided analysis.

The remainder of this paper is organized as follows. Section 2 presents back-
ground information on the containerized shipping process and port hierarchy in
Northeast Asia. Sections 3 and 4 present the empirical strategy and evidence, re-
spectively. Section 5 concludes.
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2 Background

2.1 Typical container shipping process

Container cargo has become the major form of international maritime shipping since
the 1970s.3 Container shipping, as a transportation mode serving the interregional
(intercontinental) carriage of freight, is operated under managed hub-and-spoke net-
works, which are subject to fixed time schedules, routes, and ship calls. Briefly, the
typical process of container shipping consists of two parts: transportation in trunk
and transportation in feeder routes.

The purpose of operating trunk route transport is to connect major interna-
tional ports. Container ships navigating a specific trunk route call only at desig-
nated major ports for loading and unloading, but not at small-scale regional ports.4

Regional ports are usually not directly accessible for long-haul international desti-
nations without transshipments to major ports because they do not have sufficient
cargoes to be connected by a long-haul route. As a complement, feeder routes are
maintained for the carriage of freight between a major port and its nearby small-
scale regional ports, setting up a “bridge” for cargo shipments between regional
ports and international destinations.5 This transport structure is essentially similar
to that of passenger airlines. Owing to the frequent switching of container freight
in trunk and feeder routes under hub-and-spoke networks, transshipment cargo has
become an important component of the freight volume in major ports. For example,
in 2009, 45% of the container freight volume at the port of Busan was transshipment
cargoes (Busan Port Authority, 2011).

For container shippers close to a regional port (and far from a major port), port
choices for transshipment are mainly determined by the minimization of “general-
ized” transportation costs including overland transportation costs and time costs in
the feeder routes. In general, the nearby major ports, which are easy to reach and
result in relatively low costs in feeder services, are favored. In the context of multiple
nearby major ports, the largest one is preferred because it has the highest transport
density and, usually, the lowest generalized transportation costs. For shippers, there

3For instance, in 2013, 95% of Japan’s maritime exports (in tons) were in the form of container
cargoes; for imports, this figure was 99% (JALT, 2015). In South Korea in 2010, 90% of the
throughput (in tons) at Busan port (the largest port of the country) was handled by containers
(Busan Port Authority, 2011).

4Trunk routes are operated by only a small number of large shipping companies (12 major
shipping companies in 2017), or mainly by three shipping alliances. For example, CMA-CGM
and COSCO—two leading container shipping companies, and members of the “Ocean Alliance”—
jointly operate a trunk route between East Asia and North America. The ships on this route set
sail from Shanghai port, call at the ports of Ningbo and Busan, and finally reach the eastbound
Los Angeles port. Subsequently, they return to Shanghai directly (without any stops) because of
the limited transportation demands on westbound routes. The voyage is completed in 35 days
(Ocean Commerce Ltd., 2017).

5For instance, a regional port in Japan may have feeder routes (or short-haul liner services)
to the ports of Kobe, Tokyo, or Busan. It is less likely that a Japanese regional port operates a
feeder route to the ports of Kaohsiung, Singapore, or Hong Kong, because these are relatively far
from Japan and inaccessible for most small-scale regional ports of Japan.
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is no operational difference between domestic and foreign ports to transship their
cargoes if accessibilities are similar, because a container ship can freely land and
make ship calls in any country based on the “Principle of the Freedom of Shipping,”
which differs from air transportation.

Therefore, in addition to the port infrastructure and facilities (e.g., berth length
and water depth), the availability and capacity of container ships such as ship size,
number of trunk/feeder routes, and average frequency of ship calls also influence the
capacity of a container port.

2.2 Hanshin earthquake and the Northeast Asian port hi-
erarchy

As Japan is a typical island country, its international trade is highly dependent on
maritime transportation. In 2003, more than 99% of its international trade cargoes
(in tons) were freighted by maritime transportation (JALT, 2005).6 Among the
dozens of seaports in Japan, Kobe was historically the largest one and was its first
container port in 1967. During the late 1970s and 1980s, with the generalization
of scale economies on containerization and development of hub-and-spoke networks,
Kobe became the main gateway seaport in Asia and one of the leading container
ports worldwide, reaching the top of Northeast Asia’s maritime hierarchy. Although
large container hubs emerged in neighboring countries such as China and South
Korea in the late 1980s, diverting container cargoes from Japanese ports, Kobe was
still one of the largest container ports in the world before 1995, thereby having the
first-mover advantage.

However, the Hanshin earthquake on January 17, 1995 acted as a catalyst for
the downgrade of Kobe port. This strong earthquake struck western Japan with
a local seismic intensity scale of seven. The port of Kobe, located 20 kilometers
from the epicenter, suffered destructive damage. The freight volume of Kobe port
in 1995 fell dramatically due to damage to the port infrastructure, with its scale
only reaching 50% of its 1994 level (see Figure 1 for the container freight volumes
of selected East Asian ports). The negative impact of this shock was persistent,
as Kobe’s freight volume was still only 77% of its pre-quake level by 2009, whereas
nearby major ports had experienced significant growth in this period.

Immediately after the earthquake, the container traffic of Kobe port was ex-
pected to divert to other ports. As shown in Figure 2, several major port areas are
near Kobe such as Keihin, Nagoya, and Busan, which were potential candidates at
the time.7 Among these ports, Keihin and Busan were the most competitive for

6Unlike the international transportation, Japan’s domestic freight traffic, especially short-haul
transportation, is mainly dominated by road transportation. In 2003, maritime transport ac-
counted for 35.8% of transportation distances of 300–500 kilometers, 37.4% of distances of 500–750
kilometers, and 55.9% of distances of 750–1,000 kilometers; for distances of 100–300 kilometers
and less than 100 kilometers, it accounted for only 18.0% and 3.0%, respectively (in tons; JALT,
2005).

7These major ports are within 2,000 kilometers of Kobe port, and ranked in the top 25 (world-
wide) in terms of container throughput in 1994, with the exception of Osaka port (Containerisation
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the following reasons. First, the ports of Osaka, Nagoya, and Shanghai were locally
positioned in the early 1990s, their scales being significantly smaller than Kobe’s.8

Therefore, they had insufficient trunk routes and port facilities. Second, the ports
of Keelung and Kaohsiung are relatively far from Kobe and western Japan, making
them less accessible for Japanese shippers. Keihin and Busan, which are less than
600 kilometers from Kobe and had fairly high freight scales at the time, were thus
potentially favorable to shippers searching for a new port to replace Kobe.

The growth pattern of these major ports between 1994 and 2009, as shown in
Figure 1, indicates that the port of Busan, and not the Keihin port area, is the
winner. Keihin’s growth, although not directly affected by the earthquake, began
to stagnate after 1995 and did not enter a new cycle until 2002. By contrast, the
port of Busan grew continuously in this period, with its freight volume even larger
than the sum of the Hanshin and Keihin port areas in 2002, even though the scales
of these three port areas were comparable in 1994. Note that the container traffic of
Busan had begun rising since 1993, two years before the Hanshin earthquake. This
fact implies that other factors, in addition to the earthquake in Japan, might have
led to the expansion of Busan port (e.g., the growth in transshipment cargoes from
northeastern China).9

Regarding the function as a maritime hub, Busan’s international transshipment
traffic received a major boost as a result of the diversion of several trunk routes
from Kobe port (Fossey, 1997). International transshipment cargoes in Busan port
accounted for only 6% of its total freight volume in 1992; this figure soared in the
subsequent decade and has remained over 40% since 2002 (Harada, 1996; Busan

International Yearbook, 1996). Some Chinese ports such as Tsingtao and Dalian are also in the
vicinity of Japan and are currently classified as major container ports. However, they had lower
container freight volumes in the early 1990s and therefore were not classified as major container
ports.

8Owing to China’s economic growth and WTO accession, the container freight volume of
Shanghai port increased by a factor of 92 times between 1988 and 2010, making it the largest
container port in the world since 2010 (overtaking the port of Singapore). However, the scale of
Shanghai port in the early 1990s was only one-third that of Kobe.

9This will partly reduce the strength of the causal inference in the current study. However,
we can guarantee the credibility of the main findings, as we provide extensive stylized facts and
empirical evidence in the following sections. These verify that the Hanshin earthquake did lead to
a container traffic diversion from major ports of Japan to Busan and that the increased transport
density in Busan was indeed related to the stylized facts regarding the changes in port choice
behaviors. Please see Sections 3 and 4.1–4.2 for more details. In addition, as mentioned in the
notes of Figure 1, Busan port’s container traffic in 1994 was initially released by Containerisation
International as 3.2 million TEUs; however, it was revised to 3.8 million TEUs in a later volume
of the Yearbook. Although it was unlikely that Containerisation International had reduced the
data quality in the process of revising the traffic data, this was indeed an extremely rare case in
that there was so much difference between the original and revised data (most data revisions were
within a narrow range). If the original data were more accurate, we would find the growth pattern
of Busan port to be largely comparable to those of the Keihin and Hanshin port areas before 1995.
In this context, Busan’s container freight volume in 1995 increased by 1.3 million TEUs compared
with the previous year. This might be tangible evidence that Busan port expanded immediately
after the Hanshin earthquake by diverting the container cargoes of Kobe port, as Kobe suffered a
contraction (1.4 million TEUs) in this period, which was of a similar degree to Busan’s expansion.
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Port Authority, 2011). At the same time, the share of transshipment cargoes in
Kobe’s total freight volume fell dramatically from over 25% in the early 1990s to
4% in 2003, and it was further compressed to under 1% in 2011 (Harada, 1996;
Port Report of Japan, 2004, 2012). The Keihin port area failed to replace that of
Kobe after 1995, as its share of transshipment cargoes was only 4% in 2011. Busan
thus replaced Kobe as the gateway to Northeast Asia after the Hanshin earthquake
(Guerrero and Itoh, 2017).10

Table 1, which displays the volumes of the Japanese container cargoes handled
by nearby foreign ports, further verifies that a considerable number of Japanese
container cargoes diverted to Busan port, but not others, after the Hanshin earth-
quake. The volume of Japanese transshipment cargoes handled by the port of Busan
increased strikingly between 1993 and 2008; it was only 5,000 tons for exports in
1993, but soared to 77,000 tons in 1998, and further grew to 388,000 tons by 2008
(there was a similar pattern for imports).11 By contrast, there was hardly any visible
growth in trade cargoes (i.e., trade cargoes between Japan and South Korea han-
dled by Busan port), which slightly declined from 522,000 tons to 513,000 tons (sum
of exports and imports) from 1993 to 2008. This decomposition therefore suggests
that the volume expansion of Japanese transshipment cargoes in Busan port was not
due to comprehensive growth in container traffic between South Korea and Japan.
Moreover, a similar pattern was not observed in the remaining foreign ports. The
total volume of Japanese transshipment cargoes handled by the port of Shanghai
was 117,000 tons in 2008 and those by the ports of Kaohsiung and Keelung were
232,000 tons, much less than that of Busan port (950,000 tons).12

Based on the stylized facts above, we may infer that the Hanshin earthquake was
an important, if not the only, determinant of Busan’s rapid growth after 1995. The
reasons for the post-earthquake port traffic diversion from Kobe to Busan, instead
of to the Keihin port area, are manifold, among which the following are particularly
relevant. First, the South Korean government implemented policies and provided
financial support for the development and expansion of the port of Busan, especially

10The evolution of the port hierarchy in Northeast Asia was also verified based on the changes
in port level number of liner services. In 1994, before the Hanshin earthquake, the numbers of
liner services to North America were 48, 49, and 17 for the Hanshin, Keihin, and Busan port areas,
respectively. Japanese major ports had a significant advantage over Busan at the time. These
figures, however, had changed to 12, 30, and 43, respectively, by 2012, indicating that Busan had
become more dominant in the container shipping network (Data source: Ocean Commerce Ltd.,
1995, 2013). See also Chang (2000) and Itoh (2013) for further discussions on the 1995 earthquake
effects on the container traffic and hinterland market of Kobe port.

11The data refer to the monthly container freight volumes in the years specified. See Section
3.2, as well as the notes of Table 1, for more details on the dataset.

12Shanghai, Kaohsiung, and Keelung are relatively far from eastern Japan; as a result, the re-
lated Japanese transshipment cargoes handled by these ports tend to originate from western Japan
shippers, to which they are more accessible. Moreover, the regional ports in eastern Japan rarely
have liner services to the ports of Kaohsiung and Keelung because the average distances between
eastern Japan prefectures and Kaohsiung/Keelung exceed 2,800 kilometers. The availability of
feeder routes to selected major ports can be checked on the official homepages of Japanese regional
ports.
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after the Hanshin earthquake; as a result, shipping companies preferred Busan when
considering a new shipping route to replace the destroyed Kobe port (Harada, 1996).
Second, the main hinterland of Kobe port before the earthquake was the prefectures
in western Japan, which are near Busan, especially those along the Sea of Japan
(see Figure 2), giving the port of Busan a first-nature advantage in the diversion of
the container traffic in these regions.

3 Empirical strategy

3.1 Research design

The rapid expansion of Busan port after 1995 increased its container transport
density. Consequently, these strengthened economies of transport density might
have decreased the generalized transportation costs for the cargoes handled by Busan
port, making it more competitive in the container shipping market. The evolution
of the port hierarchy is thus expected to have influenced shippers’ port choice in
the involved regions, such as eastern Japan, even though their container shipping
operations were not directly affected by the Hanshin earthquake.

As discussed in Section 4.1, owing to its geographical proximity, the container
transportation market in eastern Japan was dominated by the Keihin port area
before the Hanshin earthquake; Keihin handled more than 80% (average by pre-
fecture) of its international container cargoes.13 However, the proximities to the
Keihin port area are heterogeneous within the prefectures of this region (Figure
2). On the one hand, some prefectures are highly accessible from the Keihin port
area by short-distance road transportation, and therefore a stable hinterland of this
port area (Group 1 in Figure 2, including 11 prefectures whose core districts are
less than 250 kilometers from the port of Tokyo).14 On the other hand, for the
remaining prefectures (Group 2 in Figure 2, including seven prefectures), the dis-
tances to the Keihin port area are relatively long, weakening Keihin’s first-nature
advantage over the other major ports nearby (e.g., Busan). For Group 2 prefectures
such as Hokkaido and Aomori, the distances to the two aforementioned port areas
are not substantially different. Moreover, for Akita, Yamagata, and Niigata, which
are along the Sea of Japan, maritime shipping to the Keihin port area needs to pass
through the Tsugaru Strait (between Hokkaido and Aomori), consequently making
the transportation distance even longer than that to the port of Busan. Road trans-
portation to Keihin, although feasible for them, results in high transport costs as

13For the remaining prefectures of Japan (i.e., western Japan), they scarcely used the Keihin
port area as the Hanshin port area was their largest gateway port before the earthquake, with
Keihin’s share in their total container freight traffic being only 2% in 1993 (average by prefecture:
min. = 0%, max. = 9%; computed based on the CCFS (Container Cargo Flow Survey)). See
Section 3.2 for more details on the dataset.

14The cutoff distance (250 kilometers) is set based on the geographical scope of Kanto, including
Tokyo, Chiba, Kanagawa, Saitama, Ibaraki, Tochigi, and Gunma, which comprise the largest
economic zone of Japan. Nagano, Shizuoka, Fukushima, and Yamanashi are included in Group 1
because they are also within 250 kilometers of the port of Tokyo.
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they are far apart.15 These geographical features indicate that Group 2 was not a
stable hinterland of the Keihin port area, given the competition from the port of
Busan.

As shown in Figure 1, in 1996, Busan port surpassed the Keihin port area for
the first time in terms of container freight volume, and continued to grow faster
than Keihin in the study period, its scale being 1.81 times that of Keihin in 2009.
Owing to the strengthened economies of transport density (stemming from the port
choice diversions of former Hanshin port area users), unit transportation costs in
Busan are expected to have fallen relative to those of Keihin. We therefore form the
following testable hypothesis:

The strengthened density economies in Busan port can enhance its advantage
in competition with the Keihin port area; consequently, container shippers in
the less stable hinterland of Keihin (i.e., Group 2) may divert their container
cargoes from the Keihin port area to Busan port.16

In essence, Busan’s market share in Group 2 is expected to have increased since
1995, accompanied by the contraction in Keihin’s.

As Group 1, which had employed a port choice strategy similar to that of
Group 2 before the earthquake, was unlikely to have been affected by the post-1995
growth in Busan port because it is a stable hinterland of Keihin, we take Group
1 as the control group. A DID estimation strategy is then applied by comparing
Group 2 (treatment group) with Group 1 (control group) for the pre- and post-
earthquake scenarios to examine the changes in port level market share. Under the
DID framework, unobserved heterogeneity such as macroeconomic shocks or policies
as well as other factors affecting the container shipping industry in eastern Japan
are eliminated under the assumption that these effects are homogeneous for both
the treatment and the control groups.

Note that Group 2 is a peripheral region of Japan with a limited set of manu-
facturing activities and container cargo flow. Therefore, whether or not this region
had undergone a port choice diversion after the Hanshin earthquake would not affect
the total container throughput (or transport density) of the Busan and Keihin port
areas to a great extent. In this context, our causal inference is unlikely to be subject
to reverse causality.

15The unit transport cost of maritime transportation is much lower than that of road trans-
portation (rail transportation is rarely used for freight traffic in Japan).

16Eastern Japan prefectures scarcely used the Hanshin port area before the Hanshin earthquake.
Only 4% of these prefectures’ container freight traffic was handled by the Hanshin port area in
1993 (average by prefecture: min. = 1%, max. = 10%; computed based on the CCFS), ensuring
eastern Japan was not directly affected by the disaster. The port choice diversion in this region
after 1995, if any, was expected to stem from the economies of transport density in Busan port
but not from the destruction and incapacity of the Hanshin port area. This feature makes eastern
Japan a more desirable study area than western Japan to test our hypothesis.
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3.2 Data: the Container Cargo Flow Survey

Our identification of shippers’ port choice (or the market share of each major port)
is based on the Container Cargo Flow Survey (CCFS), which was conducted by the
Ministry of Land, Infrastructure, Transportation and Tourism (MLIT) of Japan.17

The database details prefecture-port level international trade volumes (in tons; sep-
arately for exports and imports) transported by containers in 1985 and between 1988
and 2013 in five-year intervals (seven waves of data). We are thus able to analyze
the potential changes in the port choice pattern by calculating the port level market
share for the prefectures in the sample.

Note that freight volumes were classified according to Japanese ports’ customs
clearance (i.e., ports of Kobe, Osaka, Tokyo, Yokohama, and Nagoya; for the regional
ports, the CCFS reports only the sum of the volumes).18 Hence, the freight volumes
of Japanese shippers in foreign ports such as Busan cannot be directly observed
from the CCFS (or, at least, from the publicly disclosed part of the CCFS). For
example, a container cargo originating in Hokkaido prefecture, loaded on a feeder
route to the port of Tokyo from the port of Otaru (a regional port in Hokkaido),
transshipped to a trunk route in Tokyo, and exported to North America (i.e., Otaru
→ Tokyo→ North America), was counted in the CCFS as an export from Hokkaido
and handled by the port of Tokyo, but not regional ports (the port of Otaru, in this
case), because customs clearance took place at Tokyo. However, in the case that
this container cargo was loaded on a feeder ship to the port of Busan in Otaru, and
transshipped in Busan, but not Tokyo (i.e., Otaru → Busan → North America), it
was counted as an export cargo handled by regional ports, based on the customs
clearance. We are therefore unable to distinguish between Busan and Shanghai (or
Kaohsiung) by using data from the CCFS.

We can, however, approximate the Japanese freight traffic transshipped in Bu-
san by using the freight volume of regional ports. As shown in Table 2, container
shipping routes are systematically different for the major and regional ports of Japan.
Most container trade cargoes between regional ports and their trading partner re-

17Note that although the generalized container transportation cost is the most intuitive variable
for examining the economies of transport density, the related data are not available. We therefore
test our hypothesis based on shippers’ port choice behaviors (as they reveal their preferences). [It
is difficult to accurately estimate the container shipping tariff between two ports because container
transport is involved in a global transport network, with each port as a node. A great deal
of container freight is based on individual yearly contracts between shipping companies and large
shippers. Therefore, accurate data on shipping tariffs are not available to the public (interview with
the staff of Japan’s Federation of Coastal Shipping Associations and the Busan Port Authority).
However, we can still confirm that the transshipment in Busan has an advantage over that in
Japanese major ports (interview with Japanese forwarders). For example, the roughly estimated
shipping tariff from Busan to Los Angeles was USD 1,330 per TEU and that from Yokohama to
Los Angeles was USD 2,160 in 2010 (Drewry Shipping Consultants Ltd., 2010b).]

18Port level data for a few regional ports are available in the CCFS. In the current analysis, we
use only the aggregated volume data for regional ports. The locations of regional ports in eastern
Japan that had positive international container freight volumes in 2003 are shown in Figure 2. In
general, each (coastal) prefecture in the sample has at least one regional port, with the exception
of Iwate.
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gions were transshipped in the port of Busan (e.g., 71% for North America and 82%
for Europe), instead of being shipped directly or transshipped in other Asian ports.
By contrast, most container cargoes for major ports were transported by direct ship-
ment.19 The freight volume in regional ports could thus be a proxy for the freight
volume of Japanese cargoes transshipped in Busan. Moreover, trade volume (in the
form of containers) between Japan and Busan port stagnated in the study period
(Table 1), suggesting that the growth in Japanese freight volume in Busan port, if
any, mainly stemmed from the expansion of transshipment cargoes, but not from
that of Japan-South Korea trade cargoes.

Therefore, in Group 2, if a port choice diversion had occurred from the Keihin
port area to the port of Busan, an increase in the share of regional ports—along
with a contraction in Keihin’s—in their container freight markets would be expected
after 1995.

In addition, the CCFS covered only one month of each survey year (October
for the surveys of 1985, 1988, 1998, and 2003; November for 1993, 2008, and 2013).
It is thus necessary to verify whether the port choice dynamics exhibited by the
CCFS data are good proxies for the corresponding patterns in those years. We first
calculate the share of each major port in the national container freight volume for
each survey year based on the CCFS and then compare it with the share computed
based on annual container freight traffic from the Japan Port Statistical Yearbook
(various years; measured in TEUs). We find these two share data are highly cor-
related, with a correlation coefficient of 0.97 (35 observations: seven waves of data
for the five major ports), suggesting that the CCFS data are adequate proxies for
yearly data in terms of port level market share.

3.3 Econometric specification

The total market share of the Hanshin port area and port of Nagoya is negligible for
the container traffic of eastern Japan prefectures both before and after the earth-
quake (the average by prefecture was 6% in 1993 and 3% in 2003, for the sum of
exports and imports; calculated based on the CCFS). Therefore, to test the port
choice diversions in our hypothesis, we only need to examine whether there was a
decrease in the Keihin port area’s share of container freight volume in Group 2 after
the Hanshin earthquake, which is, in essence, equivalent to a rise in this share for
regional ports (i.e., the proxy for the port of Busan) in Group 2.

The dependent variable of the baseline regression equation is therefore set as the
prefecture-year level container handling share of the Keihin port area: Shareit =
V olumeit/Tvolit (see the summary statistics in Table A.1). Taking export as an
example, V olumeit is the export container traffic of prefecture i in year t handled
by the Keihin port area and Tvolit is the total export container traffic of this pre-
fecture in the same period. The relative share for import is calculated analogously.

19For shipments to the Middle East, India, and Africa, this pattern is less obvious (Table 2),
but these regions are not major trading partners of Japan, accounting only for 16.5% of Japan’s
total trade volume based on the CCFS (2008).
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By testing the treatment effects on the port choice diversion with share data (i.e.,
Shareit) but not level data (i.e., V olumeit), we may eliminate the disturbances from
prefecture-year level fluctuations of international trade volumes on the estimation.

The baseline regression equation is as follows:

Shareit = α0 + α1Postquaket ×G2i + δi + µt + εit, (1)

where Postquake denotes a dummy variable taking the value “1” for the years after
the Hanshin earthquake (1998, 2003, 2008, and 2013) and “0” for 1985, 1988, and
1993; G2 is a dummy variable equal to “1” for Group 2 and “0” for Group 1; δ and
µ capture the prefecture and year fixed effects, respectively; α0 is the constant term;
and ε stands for the error term. α1, the measure of the interaction of Postquake
and G2, captures the relevant treatment effect.

We then augment our baseline specification and examine heterogeneity over
time in the treatment effect. Instead of considering a single interaction term between
Postquake and G2, we introduce separate interaction terms between G2 and the
individual years in equation (2) to examine whether the treatment effect, if any, is
due to a pre-1995 trend:

Shareit = β0 +
6∑

p=1

βpY earpt ×G2i + δi + µt + εit, (2)

where the variables Y earp (p = 1 to 6) are a set of year dummy variables for the six
sample years (1988, 1993, 1998, 2003, 2008, and 2013; 1985 is set as the reference);
the other terms are the same as those in equation (1).

The treatment group, so far, is determined based on whether an eastern Japan
prefecture is within 250 kilometers of the Keihin port area. Nevertheless, we need
to examine whether this arbitrary boundary affects the results and leads to bias in
the estimation. We thus use a continuous variable (the spherical distance from the
core district of each prefecture to the port of Tokyo) to identify the proximity to
the Keihin port area as per equation (3), where ln(Disti) is the natural logarithm
of prefecture i’s distance to the port of Tokyo (the other variables are the same as
those in equation (2)):

Shareit = γ0 +
6∑

p=1

γpY earpt × ln(Disti) + δi + µt + εit. (3)

In this augmented specification, we test the non-linear distance effects on the port
choice diversion by allowing the treatment effects to differ among eastern Japan
prefectures.

4 Empirical evidence

4.1 Baseline results

Before we estimate our model specifications, Figure 3 presents the trends in the
share of the container freight volume handled by the Keihin port area and regional
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ports in Group 1 and Group 2 from 1985 to 2013. This graph reveals a number of
striking patterns consistent with our hypothesis. Before the 1995 earthquake, both
Group 1 and Group 2 were dominated by the Keihin port area in export and import
container traffic. The average traffic shares for the Keihin port area are above 80%
in all three waves of data (i.e., 1985, 1988, and 1993). However, we find that the
share largely decreased in Group 2 after the Hanshin earthquake, whereas it did
not change significantly in Group 1. By contrast, the share for regional ports grew
significantly in Group 2 after the earthquake. By using the disaggregated plot for the
Keihin share of these prefectures against their distances to the port of Tokyo, Figure
4 illustrates that for both exports and imports in 1993, the dominance of the Keihin
port area in Groups 1 and 2 is not highly correlated with a prefecture’s distance to
Tokyo.20 However, a new pattern emerges in the scatterplot for 2003; Keihin’s freight
traffic share in prefectures near it almost stabilized, but in prefectures far from it,
especially those in Group 2, the share decreased, the more remote prefectures’ share
declining more significantly.

To examine the statistical significance of the changes in Figures 3 and 4, Table
3 reports the results for our model specifications (1)–(3). In columns 1 and 2 (es-
timation of equation (1)), we find that after the earthquake, the share of container
freight traffic handled by the Keihin port area in Group 2 declined significantly, by
27 and 45 percentage-points for exports and imports, respectively compared with
Group 1. We find similar results in columns 3 and 4 (estimation of equation (2)),
where a statistically significant drop in the related share of Group 2 is observed
for the first time in 1998, which is the first wave of the CCFS data after the Han-
shin earthquake. This finding implies that the decrease in Keihin’s market share in
Group 2 was not due to a pre-quake trend.21

Table 4 shows the between-year difference based on the estimates in columns 3
and 4 of Table 3. We observe that the major decrease in container handling share
of the Keihin port area for Group 2 occurred during 1993–2003 (31 percentage-
points for exports and 47 percentage-points for imports), the period during which
Kobe was destroyed and the new port hierarchy was taking form. In the periods
before the earthquake (1985–1993) and after the reshaping of the transport network
(2003–2013; i.e., when the port hierarchy had moved to a new steady state), there
are no statistically significant differences in the changes in port level market share
for Groups 1 and 2. We thus expect that the diversions in port choice from the
Keihin port area to the port of Busan via Japanese regional ports only occurred
during 1993–2003.

Although eastern Japan rarely used the Hanshin port area or the port of Nagoya,
a certain number of container cargoes in the southern part of Group 1 were still

20Shizuoka, the southernmost prefecture of eastern Japan, had the lowest Keihin freight traffic
share in 1993 (see Figure 4) because the nearby port of Nagoya carried a considerable number of
its container cargoes.

21To decrease the possibility that the present results arose because of the small sample size, we
tested the statistical significance by using bootstrapped standard errors (100 and 500 bootstrap
repetitions), which yielded similar results.
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handled by these ports because of their geographical proximity. The fluctuations
in Group 1’s container freight volume at these ports are, however, omitted from
the baseline estimations. We thus take Shareit to be the aggregated share of the
container freight traffic handled by the five major domestic ports, instead of only
the share of the Keihin port area. Subsequently, the estimated diversion effects
stem from the traffic diversion from all the major domestic ports to the port of
Busan. The relevant results are shown in columns 5 and 6 of Table 3, which show
that the coefficients and significance levels are essentially unchanged. Finally, to
avoid any bias from the dummy variable setting for the treatment group (i.e., G2),
columns 7 and 8 (estimation of equation (3)) show the distance effects, which support
the facts—as presented in Figure 4—that the market share of the Keihin port area
declined more significantly for more remote prefectures. Although the distance effect
for exports is statistically significant in 1993 (column 7), before the earthquake, the
magnitude of the estimated coefficient is much smaller than that of the post-1995
years in the sample. Therefore, our baseline findings prove to be robust under this
check, as well.

4.2 Omitted variables

The potential bias in baseline estimations from omitted variables is still a concern.
First, overcapacity in the Keihin port area may lead to a diversion of container
cargoes in eastern Japan. Shortly after the Hanshin earthquake, a certain number
of container shippers previously using the port of Kobe might have chosen to divert
their cargoes to Keihin and Nagoya, since these ports are closer than the port of
Busan for some western Japan prefectures along the Pacific Ocean (see Figure 2).
As a result, the Keihin port area might have run short of capacity, with shipping
tariffs and waiting time for shipping expectedly increasing. In this case, the increased
transportation costs might steer shippers previously using the Keihin port area (such
as those in Group 2) toward the port of Busan. This mechanism may also lead to
the results shown in Table 3, which in turn interfere with the verification of our
hypothesis.

Although port level longitudinal data for container shipping tariffs are not avail-
able, we can still reject the above assumption based on two stylized facts. First, as
shown in Figure 5, for the prefectures in western Japan, the average export/import
container traffic share handled by the Keihin port area did not significantly increase
after the earthquake. On average, less than 3% (for both exports and imports) of
their container cargoes were handled by the Keihin port area after 1995, which is
even slightly lower than the period before the earthquake. Even for the prefectures
in this region close to the Keihin port area (i.e., those located east of the Hanshin
port area), we did not find any observable increase in their traffic share handled
by the Keihin port area after 1995 (less than 5% for both exports and imports).
Second, the container traffic of the Keihin port area increased continuously after
2002 (following stagnation in 1995–2002), although the growth rate is much lower
than that of the port of Busan (Figure 1). This finding suggests that the absolute
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capacity of the Keihin port area was not reached; otherwise, the container traffic of
the Keihin port area would have stagnated.22 In short, there is no obvious evidence
that the diverted container cargoes from the Hanshin port area led to overcapacity
in the Keihin port area from 1995.

The second concern regarding omitted variables is the direction imbalance in
transportation. In the literature discussing the impact of endogenous transportation
costs on economic geography, one additional factor, aside from economies of trans-
port density, is the directional imbalance (e.g., Behrens and Picard, 2011; Jonkeren
et al., 2011; Takahashi, 2011; Tanaka and Tsubota, 2017), which suggests its posi-
tive relation with transportation costs. High transport density in one direction will
lead to an opportunity cost of returning empty, thus increasing the freight rates
charged to shippers in net exporter regions. For example, the container shipping
tariff from Shanghai to Los Angeles, or eastbound, was estimated as USD 1,330 per
TEU in January 2016; however, from Los Angeles to Shanghai, or westbound, it was
only USD 600 (Drewry Shipping Consultants Ltd., 2016). The westbound tariff is
cheaper than the eastbound tariff because of lower demand and empty boxes.

Although no data for measuring the directional imbalance of container cargoes
in the port of Busan are available, we found no significant and persistent global
change in the incidence of empty containers from 1980 to 2009, as the data stabilized
between 20.2% and 21.7% (Drewry Shipping Consultants Ltd., 2010a). Therefore,
port choice diversions, as we observed, tend to be a consequence of the strengthened
density economies in the port of Busan, but not the changes in the directional
imbalance of container transportation.

Further, our empirical results would tend to be biased if the regional ports in
Group 2 showed more rapid development than those in Group 1 after 1993. This is,
however, not the case. Most regional ports in both Groups 1 and 2 were developed
and started their operations from the early 1990s or earlier, and no significant ex-
pansion investments were made during the study period. Moreover, in this period,
there were no tangible policy changes or market-oriented reforms in Japan or South
Korea. As such, the relevant omitted variables are unlikely to have influenced the
causal inference of the current analysis.

4.3 Additional results on trade patterns and manufacturing
structure

A decrease in container transportation costs reflects an increase in productivity,
which affects industries producing heavy goods (high weight-to-value share) more

22By checking the “Port Plan” of major Japanese ports, which estimated/forecasted the freight
volume in the next few years as a reference for their port investment plans, at every revision during
the study period, we found that there was no significant and rapid expansion of port facilities in
the ports of Tokyo and Yokohama before and after the earthquake. Moreover, we did not find
significant gaps between the estimated handling volumes and actual volumes during the planned
periods. These facts indicate that the capacity of the Keihin port area was not stressed in the
study period.
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than those producing light goods (low weight-to-value share).23 This fact implies
that the port choice diversion that occurred in Group 2 might have altered the pat-
terns of its comparative advantage and led to greater specialization in the production
and trade of heavier goods (see the detailed discussion on this mechanism in Duran-
ton et al., 2014). As port throughput specialization largely reflects local economic
specialization (Ducruet and Itoh, 2016), a structural change in the manufacturing
production and trade pattern of Group 2 was therefore expected.

Figure 6, which displays the total container tonnage volumes of Groups 1 and 2
from 1985 to 2013, validates the above hypothesis. We find that Group 2 experienced
much more rapid growth than Group 1 after 1998, especially during 1998–2003,
whereas the growth patterns of Groups 1 and 2 were similar for earlier years (i.e.,
1985–1998). As the Tokyo metropolitan area (MA) (Tokyo, Kanagawa, Saitama,
and Chiba) is the largest industrial zone in Japan, whose container trade volumes
and growth patterns are not comparable to those of peripheral regions, we further
present a modified line plot for Group 1 after excluding the Tokyo MA. However,
the pattern is similar to the original one (Figure 6).

By replacing the dependent variable with the prefecture-year level container
traffic (the level of tonnage volume), we re-estimate equation (1) to formally examine
whether the (container) trade pattern of Group 2 changed significantly after the
Hanshin earthquake. Column 1 of Table 5 (panel A) reports the estimation results
by taking Group 1 (excluding the Tokyo MA) as the control group, which implies
that the expansion of the port of Busan and the subsequent changes in shippers’ port
choice increased the container export traffic of Group 2 by 84.0% (= exp(0.610)−1);
column 2 (panel A) presents the analogous results for imports, where the magnitude
of the impact is estimated to be 77.8% (= exp(0.575) − 1). The coefficients and
significance are similar by including the data on the Tokyo MA in the regressions
(columns 1 and 2 of panel B). Therefore, our estimation results confirm the pattern
in Figure 6.24

However, the growth in container tonnage volume in Group 2 might stem from
an increase in trade values, rather than the weight-to-value share. The former might
have been caused by other factors. For example, manufacturing products produced
by Group 2 became more popular in overseas markets during the post-Hanshin
earthquake period than in previous years. As the related data on weight-to-value
shares and trade values are not available, we conduct alternative tests by using

23For maritime shipping (not only container cargoes, but especially bulky cargoes), the shipping
tariff of heavy goods is measured by weight volume, while cubic volume is suitable for light goods.
Owing to the data limitations (the data from the CCFS are measured in weight volume only), we
only focus on the changes in the weight volume of container cargoes.

24The expansion of container trade tonnage volume in Group 2 began from 1998 (Figure 6),
whereas the diversion of shippers’ port choice in Group 2 began during 1993–1998 (Figure 3). That
means the port choice diversion occurred earlier than the expansion of trade volumes in Group
2, clearly rejecting the assumption that the rapid trade growth in Group 2 fostered the rapid
development of its regional ports during 1993–1998 and thus that the container freight volume of
regional ports has grown more rapidly in Group 2 than Group 1 (i.e., the findings of the baseline
estimations in Table 3).
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prefecture level manufacturing data.25

Japan’s manufacturing sector is highly dependent on importing raw materi-
als and intermediate goods as inputs because of its shortage of natural resources.
Further, its manufacturing products are largely exported because of its compara-
tive advantage in this sector, which originates from its technical superiority. As
a result, Japan’s total manufacturing input and output values are assumed to be
adequate proxies for its container trade values. We therefore estimate the impact
of the Hanshin earthquake on the manufacturing output and input values as well
as manufacturing earnings per capita, for Group 2, based on equation (1): the de-
pendent variables are set as the natural logarithms of prefecture-year level value of
manufactured goods shipment, value of raw materials used in manufacturing, and
manufacturing earnings per capita respectively in three specifications (see summary
statistics in Table A.1).

The estimation results are shown in columns 3–5 of Table 5 (panel A). We found
no significant evidence on the impact of the Hanshin earthquake (and expansion
of Busan port) on the value terms of manufacturing in Group 2, which is clearly
different from the results estimated with the container traffic data. The results are
similar by adding the Tokyo MA to the control group (columns 3–5 of panel B).
These findings indirectly verify that the weight-to-value share of trade commodities
(transported by containers) in Group 2 increased after the Hanshin earthquake.
This result is consistent with Duranton et al. (2014), who find that more highways
will lead to cities in the United States specializing in heavy goods, despite the
insignificant effect of highways on the total value of exports. With better accessibility
to international markets, Group 2 may therefore specialize in manufacturing sectors
producing heavy goods.26

5 Concluding remarks

By taking the Hanshin earthquake as an exogenous (positive) shock to container
shipping demand at the port of Busan, this study provided compelling evidence
that the strengthened economies of transport density in Busan led to an expansion of

25In Japan, data on international trade values are publicly available at the “aggregated regional
level” from the Trade Statistics of Japan; however, most prefectures in Group 1 and Group 2 are
classified as in the same “region” (i.e., separate data are not available). The National Accounts of
Japan (from the Cabinet Office, Government of Japan) report prefecture level trade values, which
are however the aggregated sum of domestic trade and international trade, making the related
data unsuitable for the current analysis.

26We also tested whether there was an industrial substitution after the earthquake, that is,
whether some industries/firms relocated from the earthquake-affected regions to Group 2. By
calculating the growth rate (as the value of manufactured goods shipment and the value of raw
materials used) of two-digit manufacturing industries after the earthquake for two regions (the
earthquake-affected region and Group 2), our preliminary tests did not show tangible evidence
that industrial substitution occurred after 1995. A more detailed investigation of the port diversion
effect on manufacturing locations is beyond the scope of this study and will be considered in future
research.
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Busan’s hinterland to eastern Japan, with a considerable proportion of its container
traffic being diverted from the Keihin port area to the port of Busan. These findings
demonstrate the non-negligible impact of transport density on the spatial structure
of the transport network.

Our research has broad implications for the ability of economic shocks to in-
fluence transport geography. One immediate application is the impact evaluation
of the bankruptcy of Hanjin Shipping—South Korea’s largest container carrier (as
well as one of the world’s top 10 container shipping companies)—in August 2016,
which imposed a negative shock on the container shipping industry of South Korea.
South Korean ports have rapidly lost their share in the international transshipment
market since this event. For example, the volume of transshipment cargoes in South
Korean ports from Japan to the United States decreased by 33.4% in September
2016 compared with the same period in the previous year; the relevant volume from
China to the United States decreased by 17.2% (Logistics Today, 2016). The find-
ings of the current study imply that the Hanjin Shipping bankruptcy may have led
to a reorganization of the port hierarchy in Northeast Asia, not only in South Korea.
Since the operation of a leading hub port is important for local economic develop-
ment, various negative economic consequences (e.g., consumer price inflation, lead
time increase) of this event on South Korea were therefore expected.27

An obvious shortcoming of this study is the lack of container transportation
costs data for the port of Busan, which makes it impossible to identify how container
transportation costs via Busan changed after the Hanshin earthquake. Therefore, it
is difficult to quantify the changes in density economies. Additionally, the current
study cannot fully explain the polarized port hierarchy in Northeast Asia. Although
the container traffic diversions of Group 2 contributed to the contraction of the
Keihin port area relative to Busan, it is also related to, for example, the rate of
trade growth in South Korea being much higher than in Japan during the study
period (the mean annual trade value growth rate was 3.8% for Japan and 10.9% for
South Korea during 1994–2011) (WTO, 2016). A decomposition of these influencing
factors, which is left for future research, would be useful for understanding the
evolution of transport geography.
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Table 1: Freight volume of Japanese container cargoes in selected foreign ports

Port Year
Exports Imports

Trade cargo Transshipment cargo Trade cargo Transshipment cargo

Busan

1993 179 5 343 15

1998 145 77 291 152

2003 229 287 397 550

2008 202 388 311 562

Shanghai

1993 95 1 243 2

1998 145 0 418 4

2003 455 13 1,304 18

2008 509 30 1,660 87

Kaohsiung +

Keelung

1993 396 3 290 37

1998 347 24 214 65

2003 358 212 211 248

2008 223 126 228 106

Notes: Freight volume in thousands of tons; Data source: CCFS. The survey period of the CCFS is one month in a

specific year; therefore, the related data refer to the monthly volume. Trade cargo stands for container trade cargoes

between Japan and the corresponding countries/regions through the specific ports (e.g., an export cargo from Japan to

South Korea that was handled by the port of Busan); Transshipment cargo refers to container transshipment cargoes

exported from Japan to any international destination (or imported to Japan) and transshipped through the specified ports.

The data shown for Busan include the sum of the container traffic of the ports of Busan and Gwangyang because separate

data are not available (the port of Gwangyang is close to Busan, and its scale is significantly smaller than that of Busan).

For similar reasons, the 2008 data for Shanghai include the sum of the container traffic of the ports of Shanghai and

Ningbo, and for Kaohsiung + Keelung, they include the sum of the ports of Kaohsiung, Keelung, and Taichung.
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Table 2: Japan’s international container cargoes and their shipping routes

North America Europe South America

Major ports Regional ports Major ports Regional ports Major ports Regional ports

Direct shipping 0.97 n.a. 0.81 n.a. 0.66 0.04

Transship in Busan 0.02 0.71 0.03 0.82 0.05 0.78

Transship in others 0.02 n.a. 0.17 n.a. 0.28 0.18

Australia Middle East and India Africa

Major ports Regional ports Major ports Regional ports Major ports Regional ports

Direct shipping 0.83 n.a. 0.31 n.a. 0.33 n.a.

Transship in Busan 0.03 0.89 0.17 0.63 < 0.03 0.66

Transship in others 0.14 n.a. 0.52 n.a. n.a. n.a.

Notes: The data are for 2008; Data source: Documents of the Ports and Harbors Bureau of MLIT, Japan, which are

calculated based on the raw data of the CCFS. Direct shipping: direct shipping between Japan and the international

origins/destinations; Transship in Busan: transship in the port of Busan; Transship in others: transship in other Asian

ports such as Shanghai, Kaohsiung, and Hong Kong. Data on the shipping routes between Japan and East Asia/Southeast

Asia are not available.
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Table 3: Baseline estimations

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

Dependent variable: Container handling share

Keihin

exports

Keihin

imports

Keihin

exports

Keihin

imports

Top 5

exports

Top 5

imports

Keihin

exports

Keihin

imports

G2 × Postquake -0.266***

(0.056)

-0.453***

(0.076)

G2 × Year 1988 -0.089

(0.061)

-0.098

(0.072)

-0.108

(0.081)

-0.091

(0.081)

G2 × Year 1993 -0.049

(0.035)

-0.093

(0.067)

-0.060

(0.039)

-0.100

(0.069)

G2 × Year 1998 -0.221**

(0.087)

-0.386***

(0.110)

-0.279***

(0.085)

-0.413***

(0.108)

G2 × Year 2003 -0.360***

(0.073)

-0.565***

(0.088)

-0.440***

(0.067)

-0.590***

(0.083)

G2 × Year 2008 -0.283***

(0.076)

-0.546***

(0.088)

-0.352***

(0.083)

-0.570***

(0.082)

G2 × Year 2013 -0.382***

(0.066)

-0.568***

(0.083)

-0.466***

(0.059)

-0.588***

(0.082)

ln(Dist) × Year 1988 -0.034

(0.029)

-0.046

(0.030)

ln(Dist) × Year 1993 -0.027**

(0.011)

-0.039

(0.025)

ln(Dist) × Year 1998 -0.094***

(0.033)

-0.155***

(0.039)

ln(Dist) × Year 2003 -0.127***

(0.041)

-0.216***

(0.042)

ln(Dist) × Year 2008 -0.106***

(0.033)

-0.216***

(0.037)

ln(Dist) × Year 2013 -0.132***

(0.039)

-0.217***

(0.039)

Observations 126 126 126 126 126 126 126 126

R-squared 0.895 0.924 0.908 0.935 0.920 0.932 0.881 0.913

Notes: Keihin: The ports of Tokyo and Yokohama. Top 5: The ports of Tokyo, Yokohama, Kobe, Osaka, and Nagoya.

All regressions include prefecture and year fixed effects. Constant term coefficients are not reported. Robust standard

errors (clustered at the prefecture level) are in parentheses.
* p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 4: Estimated differences of Keihin’s share in time trends

(1) (2)

Exports Imports

Between-year

difference

Years 1993 & 1985 -0.049

(0.035)

-0.093

(0.067)

Years 2003 & 1993 -0.312***

(0.068)

-0.472***

(0.091)

Years 2013 & 2003 -0.022

(0.057)

-0.003

(0.022)

Notes: The coefficients and standard errors for the estimated time trends for Group 2 are from the regressions reported in

columns 3 and 4 of Table 3. For example, the between-year difference (exports) for 2013 and 2003 is calculated by:

-0.382-(-0.360) = -0.022. Robust standard errors (clustered at the prefecture level) are in parentheses.
* p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 5: Changes in container trade (tonnage) volumes and manufacturing pattern

(1) (2) (3) (4) (5)

ln(export

volume)

ln(import

volume)

ln(value of manu.

goods shipment)

ln(value of raw

materials)

ln(manu.

earnings p.c.)

Panel A: Groups 1 and 2, excluding the Tokyo MA

G2 × Postquake
0.610***

(0.208)

0.575***

(0.210)

-0.003

(0.044)

-0.002

(0.050)

0.007

(0.032)

Observations 98 98 98 98 98

R-squared 0.580 0.912 0.778 0.705 0.958

Panel B: Groups 1 and 2

G2 × Postquake
0.581***

(0.192)

0.624***

(0.211)

0.117

(0.080)

0.110

(0.083)

0.049

(0.035)

Observations 126 126 126 126 126

R-squared 0.563 0.901 0.390 0.351 0.934

Notes: All regressions include prefecture and year fixed effects. Constant term coefficients are not reported. Robust

standard errors (clustered at the prefecture level) are in parentheses.
* p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A.1: Summary statistics

Variables
Data

sources

Group 1 Group 2

Obs. Mean Std. dev. Min Max Obs. Mean Std. dev. Min Max

Share_Exports_Hanshin CCFS 77 0.03 0.03 0.00 0.17 49 0.05 0.05 0.00 0.24

Share_Imports_Hanshin CCFS 77 0.02 0.03 0.00 0.15 49 0.01 0.02 0.00 0.08

Share_Exports_Keihin CCFS 77 0.86 0.18 0.23 0.99 49 0.64 0.24 0.17 0.99

Share_Imports_Keihin CCFS 77 0.84 0.22 0.18 0.99 49 0.56 0.32 0.08 1.00

Share_Exports_Top 5 CCFS 77 0.92 0.15 0.38 1.00 49 0.70 0.25 0.19 1.00

Share_Imports_Top 5 CCFS 77 0.90 0.15 0.38 1.00 49 0.58 0.32 0.09 1.00

Export volume (ton) CCFS 77 183,897 139,155 13,673 687,709 49 29,406 25,857 4,460 113,706

Import volume (ton) CCFS 77 238,702 242,406 5,337 947,539 49 38,498 43,844 371 166,641

Value of manufactured goods shipment (billion JPY) JSY & HSJ 77 10,654 5,879 1,764 25,275 49 2,996 1,587 1,032 6,385

Value of raw materials used in manufacturing (billion JPY) JSY & HSJ 77 6,311 3,505 946 15,684 49 1,783 981 616 4,514

Manufacturing earnings p.c. (thousand JPY) JSY & HSJ 77 4,176 702 2,380 5,704 49 3,061 542 1,965 3,811

Distance to Tokyo port (km) -- 11 94 63 10 206 7 457 188 258 829

Notes: Share_Exports_Hanshin, Share_Exports_Keihin, and Share_Exports_Top 5 stand for the share of a prefecture’s export container cargoes that were handled by the

Hanshin port area, the Keihin port area, and the top five Japanese ports (Kobe, Osaka, Tokyo, Yokohama, and Nagoya), respectively; Export volume is the prefecture-level

container tonnage volume; The indicators for imports are analogous (The sample includes seven years’ data, as the CCFS). Data of Manufacturing (values and earnings) are

for the same time periods with the CCFS, which are obtained from the Japan Statistical Yearbook (JSY) (various years), and Historical Statistics of Japan (HSJ) (Statistical

Bureau, Japan) (http://www.stat.go.jp/english/data/chouki/index.htm). Distance to Tokyo port stands for the spherical distance between a prefecture’s core district to the port

of Tokyo, which is calculated based on the latitude and longitude information. For the Tokyo prefecture, this distance is set as 10 kilometers.
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Figure 1: Container freight volume of selected East Asian ports

Notes: The port-level data as displayed stand for all containers cargoes landing (including trading, transshipment, and

domestic cargoes). Data source: Containerisation International Yearbook 1990–2011. The container freight volume of

Shanghai port, which has been much higher than other East Asian ports since 2003, refers to the y-axis on the right-hand

side. Note that the port-level container freight volume data of year t were usually released for the first time in the

Containerisation International Yearbook (Vol. t+2). In a few cases, they were revised in a later yearbook volume. For

example, data on the port of Busan in 1994 were firstly released as 3.2 million TEUs in the 1996 Yearbook and were

significantly revised to 3.8 million in the 1997 Yearbook. All the data displayed in the figure are the revised data (if any).

The authors are grateful to an anonymous referee for making this point.
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Figure 2: Locations of selected East Asian ports

Notes: The major ports near Kobe are denoted by hollow squares; regional ports of eastern Japan with positive

international container freight volumes in 2003 are denoted by solid squares. Eastern Japan (our sample region) consists

of the parts marked dark gray (seven prefectures; Group 2) and light gray (11 prefectures; Group 1). They are the

treatment and control groups, respectively, as defined in Section 3.1. The remaining part of Japan that is not marked is

western Japan, including 29 prefectures.
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Figure 3: Share of container traffic handled by the Keihin port area and regional ports

Notes: Data source: computed based on the CCFS.
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Figure 4: Share of container traffic handled by the Keihin port area and distance to Keihin

Notes: We take the distance between a prefecture’s core district to the port of Tokyo as a proxy for the distance between a

prefecture and the Keihin port area. Data source: computed based on the CCFS.
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Figure 5: Share of western Japan’s container traffic handled by the Keihin port area

Notes: “Western Japan” represents the prefectures in western Japan (a total of 29 prefectures); “WJ_east” refers to the

western Japan prefectures that are located east of the Hanshin port area (a total of 10 prefectures), which are closer to the

Keihin port area than the remaining western Japan prefectures (see Figure 2). The presented data are the average by

prefecture. Data source: computed based on the CCFS.
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Figure 6: The growth in container trade volume in eastern Japan

Notes: The data are normalized based on the respective export and import volumes (in tons) in 1993. Data source:

computed based on the CCFS.


