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Abstract

We examine residential location choice behavior in a metropolitan area of Japan

that experienced seismic damage. We find that the internal structure of the affected

area was reshaped, although, in the long term, its total population size was robust to

this temporary shock. Before the earthquake, the population was evolving toward a

state of equilibrium with dense locations in the core facing redevelopment barriers and,

therefore, stagnation. In contrast, the periphery was becoming increasingly appealing

and thus growing. Seismic damage allowed for redevelopment at higher density, making

the adjusted equilibrium with dense locations grow again. In summary, the initially

expanding periphery stagnated as an unintended consequence of urban redevelopment.
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1 INTRODUCTION

In a classic central business district (CBD)-oriented monocentric city, residential density

declines monotonically from the CBD, as growth initially occurs from the center to the city

outwards and a greater population results in higher density at all locations (Alonso, 1964;

Mills, 1967; Muth, 1969). Such models, however, do not correctly reflect the real process of

urban development (Anas 1978; Wheaton, 1982a). Assuming a city was initially planned and

constructed at a relatively low residential density, as it grows incrementally, city planners

want to make the core location denser by reshaping the structure. It is plausible in an

Alonso-Mills-Muth city, since housing capital is assumed to be physically and economically

malleable, with no opportunity cost to change. Yet, this redevelopment process is in practice

costly, as it requires to tear down the existing buildings, to assemble land parcels, and etc.

Redevelopment will be desirable only if the rent from the new use, minus the capital

expenses associated with redevelopment, exceed the gross rent from the old use, suggest-

ing that it may occur only with long lags (Wheaton, 1982a; Rosenthal and Helsley, 1994).1

Recent literature shows that major disasters in urban areas created valuable redevelopment

opportunities by clearing out the non-malleable housing (Siodla, 2015; Hornbeck and Kenis-

ton, 2017). One can thus expect that the internal equilibrium of the choice of residential

location may be adjusted in a city, with the core locations accommodating more residents

after redevelopment and the urban structure further polarized. The present study examines

the related mechanisms by observing the long-term structural adjustment of an urban area

in Japan that was heavily damaged by the 1995 Hanshin earthquake and that experienced

extensive redevelopment.

Although the literature on triggering causes and outcomes of urban redevelopment is

growing (see, e.g., Rosenthal and Helsley (1994), Rosenthal and Ross (2015), Siodla (2015,

2017), and Hornbeck and Keniston (2017)), as far as we know, few studies have been con-

ducted from the perspective of internal spatial reorganization. The present study fills this

vacancy.

The Hanshin earthquake destroyed dozens of municipalities in the Kyoto-Osaka-Kobe

metropolitan area (hereafter, KOK MA) with differential population densities and market

access, providing an opportunity to test the heterogeneous outcomes of urban redevelopment.
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Within the affected urban area, the part with relatively higher access was initially denser,

but its population stagnated, whereas the part that was relatively far from the core was less

dense and grew rapidly in population before the earthquake. Both parts are on (or close

to) the seismic fault, that suffered deep destruction in 1995, and then experienced intensive

redevelopment.

Using a 20-year window of post-1995 residential population growth, we find that ini-

tially stagnating high access locations grew significantly after the earthquake, whereas the

initially growing peripheral locations stagnated. This pattern is robust to a quantitative

case study using a synthetic control (SC) method, comparing the population growth between

quake-affected municipalities and their SC units constructed based on a group of unaffected

municipalities in other major metropolitan areas of Japan. Therefore, the internal spatial

organization was reshaped by urban redevelopment relative to the case in which an earth-

quake does not occur, because the population adjustment path from the core to the periphery

was reversed. By 2015, dense locations close to the core gained approximately 9.4 percent

more in population whereas the peripheral locations lost approximately 12.3 percent, leaving

the total population in the quake-affected area robust to this shock. This pattern is also

robust to controlling for a body of local influencing factors that may affect the residential

location choice within the KOK MA, such as the local housing cycle, earthquake risks, and

firm relocation. Moreover, we provide ancillary evidence in terms of the pre-redevelopment

and post-redevelopment changes in the housing structures, which are compatible with our

hypothesis on the post-redevelopment adjustment of the urban form.

The current paper contributes to the literature in three respects. First, it adds to the

research strands that have analyzed urban renewal or redevelopment processes. Recent lit-

erature shows that major disasters create valuable redevelopment opportunities to mitigate

urban growth barriers by clearing out non-malleable housing. Hornbeck and Keniston (2017)

study the impact of the Great Boston Fire of 1872 and find that land value gains from rede-

velopment in the burned urban area and its immediate neighborhoods were as large as the

value of all buildings lost in the fire. Siodla (2015, 2017) finds that the residential density

increased significantly in areas razed by the 1906 San Francisco Fire relative to unburned ar-

eas. This fact is accompanied by a modified land use pattern in burned areas with far fewer
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single-family dwellings and more land-intensive apartments. Rossi-Hansberg et al. (2010),

Collins and Shester (2013), and Ahlfeldt et al. (2017), among others, estimate the effects

of government-oriented urban renewal programs on land value and residents’ income levels.

Most studies find positive outcomes from comparing the post-treatment performance of tar-

geted areas with selected controls in unaffected areas. One innovation of the current study

is that we find that the treated areas are heterogeneously affected by urban redevelopment

depending on their market access, whereas existing studies focus on the changes in totality

(or, the average level) of the targeted areas.

Second, we provide new evidence on cities’ resilience to major shocks (e.g., Davis and

Weinstein (2002), Imaizumi et al. (2016), Rossi-Hansberg (2004), and Barbieri and Edwards

(2017)), which are still inconclusive. The first two studies are particularly relevant to our

paper. Davis and Weinstein (2002) find that there is no long-run persistent impact of the

bombings on the overall distribution of city size in Japan, which is compatible with the current

study. The difference is that we take a further look at the smaller scale (i.e., municipality).

We find that the population organization across the municipalities was persistently altered

by the shock, despite the population size as a whole was robust to the shock. Imaizumi et

al. (2016) focus on a major earthquake, which is closely correlated with our study. They

find that the 1923 Kanto earthquake in Japan caused serious damage to the old industrial

clusters in southeast Tokyo and, in turn, provided an opportunity for newly developing

industrial clusters in non-damaged areas to take over the market. Therefore, a temporary

shock may have persistent effects on the spatial distribution of economic activities even on a

local spatial scale, which is in line with our results. One major difference between their paper

and ours is that they are concerned with the redistribution from the affected areas toward

unaffected areas, whereas we focus on the internal reorganization of affected areas.

Third, our analysis connects to the strand of the literature that examines the economic

dynamics of the post-Hanshin earthquake (Horwich, 2000; Edgington, 2010; duPont and Noy,

2015). The Hanshin earthquake is a rare natural disaster that overwhelmingly destroyed a

major city in the modern era, which is a novel case study for analyzing economic recovery

and reorganization related to the occurrence of a natural disaster.

The remainder of this paper is organized as follows. Section 2 introduces the background.
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Section 3 details the hypothesis and basic stylized facts. Sections 4 and 5 provide empirical

strategies and evidence, respectively. Section 6 concludes the paper.

2 BACKGROUND

2.1 Demographic pattern of the KOK MA

The KOK MA is the second largest metropolitan area in Japan, following the Tokyo MA,

and is located in the southwestern part of its main island. Broadly, the KOK MA consists

of five prefectures—OSAKA, KYOTO, HYOGO, NARA, and WAKAYAMA—with a total

population size of 18.8 million in 2005 (see Figure 1(a)).2

[FIGURE 1 HERE]

The KOK MA has three major cities—Kyoto, Osaka, and Kobe (see Figure 1(b); they

are the central cities of KYOTO, OSAKA, and HYOGO, respectively)—within which Osaka

is the largest with a 1994 population of 2.6 million, and the remaining two cities have popula-

tions of around 1.5 million. These three cities are designated cities of Japan, which stand at

the top of Japan’s city hierarchy (each designated city consists of several municipality level

districts).3 The remaining cities in the KOK MA are relatively small and classified as munic-

ipality level cities. In total, there are 118 urban municipalities (74 municipality level cities

and 44 municipality level districts) in the KOK MA.4 Note that the current study focuses

only on urban areas and does not consider towns and villages (i.e., rural areas) throughout

the discussion and empirical analysis (see Figure A1(a)).

[TABLE 1 HERE]

Regarding geography, Osaka is located in the center of the KOK MA, with Kobe to

the west and Kyoto to the northeast; most cities with a population of more than 200,000

are in the areas close to Osaka (Figure 1(b)). The population density of Osaka (11,600 per

sq. km in 1994) is far higher than the remaining two major cities: Kobe (2,700 per sq.

km) and Kyoto (1,800 per sq. km), partly resulting in a monocentric pattern of population

distribution in the KOK MA. That is, the residential density dissipating significantly with

an increase in the distance to core Osaka. By regressing the 1994 population density of all

KOK MA urban municipalities with their distances to core Osaka (using the location of the
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Osaka rail station as a proxy for core Osaka), the estimated gradient is –0.04 (p-value<0.01)

(column 1 of Table 1), implying that residential density increases by 4 percent as the distance

to core Osaka decreases by one kilometer. The value of the estimated slope was –0.04 and

–0.07, respectively, when we restrict the samples to the KOK MA municipalities to less than

60 km and less than 30 km to core Osaka (columns 2 and 3).

2.2 The Hanshin earthquake

On January 17, 1995, the southern part of HYOGO was hit by the Hanshin earthquake, which

was measured as a level seven on the Japan Meteorological Agency (JMA) seismic intensity

scale (level 7.2 based on the Richter scale reading). This earthquake was the most aggressive

in Japan since the 1923 Kanto earthquake, in which approximately 6,000 people lost their

lives (Kobe City Fire Bureau, 2006). Kobe—the central city of HYOGO—suffered maximum

damage because it was only 20 km from the epicenter. For the remaining two major cities

in the KOK MA, Osaka was only affected at its west edge, and Kyoto was mostly unaffected

because of low proximity to the epicenter. Most of the urban damage that occurred and all

victims who were found, were in the areas with a seismic intensity scale of five or higher,

consisting of 22 municipalities (17 in HYOGO and five in OSAKA; see Figure 2) defined as the

affected area in our analysis.5 Within these 22 municipalities, nine municipality level districts

are in the city of Kobe, two districts are in Osaka, and the remaining 11 are municipality

level cities close to Kobe (eight in HYOGO and three in OSAKA). Although the epicenter

is in the west of Kobe city, owing to the spread of the earthquake wave and the specific

location of the fault, the distribution of the focal region (with intensity scale of seven) is not

absolutely restricted to areas close to the epicenter (see Figure 2). Note that Awaji Island,

which is located southwest Kobe, was also deeply destroyed. However, it is not included in

our study because it is a rural area (municipality level towns or villages).6

[FIGURE 2 HERE]

The access relative to core Osaka is heterogeneous among these 22 municipalities, with

Fukushima being the closest at 4.5 km and Akashi being the furthest at 59.1 km.7 The

pre-1995 residential density is generally higher in high access locations than in low access

locations (the estimated coefficient of slope by regressing the residential density in 1994 on
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the distance to core Osaka is –0.03; see column 4 of Table 1), which is consistent with the

pattern shown for the entire KOK MA.

For an overview of the residential density regarding this geographical feature, we roughly

divide the affected area into two parts, namely, eastern part (or high access part) that contains

municipalities less than 30 km from core Osaka, and western part (or low access part) that

refers to municipalities 30 km or further from core Osaka.8 Table 2 shows some pre-quake

statistics for these two parts. The eastern part (527 sq. km, including 14 municipalities)

is slightly smaller than the western part (637 sq. km, including 8 municipalities), but its

residential density was significantly higher, accommodating approximately two-thirds of the

pre-quake population in this area (2.94 out of 4.28 million). Given the population growth

during 1988–1994, we find that the eastern part was slightly shrinking at an annual rate

of –0.23 percent, whereas the less dense western part was rapidly growing (1.08 percent

annually).

Further, we conduct a regression of the mean annual population growth of these 22

municipalities during 1988–1994 on their distances to core Osaka. The estimated slope is

0.05 (statistically significant; see column 5 of Table 1), implying that the population is

dispersing from core Osaka to its periphery: increasing distance by 20 km to core Osaka is

associated with one percentage point higher annual growth rate of population. We then add

the residential density in 1988 as a second explanatory variable to test whether this dispersion

pattern is the result of excess population in high access locations (column 6). This pattern

is confirmed through our finding that the coefficient for distance becomes much smaller

(0.01) and statistically insignificant, whereas population density is powerful in explaining

this population growth dynamic. The estimated gradient is –1.19 (p-value<0.01); an affected

municipality’s mean annual population growth rate during 1988–1994 is on average 0.82

(=1.19× ln 2) percentage points lower than one with population density half that value. This

preliminary test implies that the densely populated eastern part is likely to be subject to

urban growth barriers such as delayed redevelopment, making it less appealing to residents.

As a result, the western part had the opportunity to expand.9

Both the eastern and western parts were destroyed in 1995, with the damage intensity

being quite comparable. On the one hand, the western part was pretty close to the epicenter
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(see Figure 2), implying on average a higher seismic intensity scale. On the other hand, the

eastern part was more populous, resulting in more deaths and more houses being destroyed.10

As shown in Table 2, the share of victims in the total population, as well as the ratio of the

number of damaged houses and total housing stock, is quite comparable between the eastern

and the western parts.

[TABLE 2 HERE]

After the earthquake, the government implemented a series of aid policies that aimed

to reconstruct the affected area. According to the City of Kobe (2010), utilities in the city

quickly recovered three months after the earthquake, railroads were reopened in January

1996 (with some stations that were completely destroyed being reconstructed), and roads

and expressways were reopened in August 1996. Regarding housing reconstruction, “The

Kobe City Emergency Three-Year Plan for Housing Reconstruction” was formulated, with a

focus on early recovery from housing loss attributable to the earthquake. This project aimed

to provide 82,000 new housing units by March 1998, and included various policies on rent

reduction for public housing (City of Kobe, 2010). The state treasury of Japan is mostly

responsible for reconstruction and rescue work. For transport infrastructure including roads,

railroads, and ports, the state treasury covered four-fifths of the reconstruction costs. For

welfare and education-related facilities, this ratio is two-thirds (Ministry of Internal Affairs

and Communications, 1995).11

[FIGURE 3 HERE]

Consistent with the reconstruction target, Figure 3 shows that intensive construction of

new dwellings commenced in 1995–1997, with 80,000 new dwellings construction commenced

for the western part in this period, and 210,000 for the eastern part. The eastern part built

more new houses relatively. This is partly because more houses were damaged in the eastern

part in the earthquake (see Table 2). Moreover, as we will analyze in the following sections,

the eastern part has more possibilities of growth after the earthquake. Note that we do not

find any evidence that the eastern part was favored by the government and received relatively

more financial aid (such as subsidies for housing construction; a more detailed description is

available in the online appendix).
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3 HYPOTHESIS AND STYLIZED FACTS

The seismic damage clearly tore down existing structures and removed the obstacles to urban

redevelopment. This is a positive signal of the modification of land use intensity, allowing

the high access locations to be denser.

[TABLE 3 HERE]

Siodla (2017) examined the land use pattern in San Francisco before and after a massive

fire, and found that the destroyed single unit dwellings were largely replaced by apartments,

which are more intensive in land use. We find that similar pattern seems to occur in our case

as well. Table 3 provides a horizontal comparison of housing structure in the designated cities

(and Tokyo city). In 2003, 65 percent of the dwellings in Kobe are in the form of apartments,

and the remaining 35 percent are detached houses (column 1). By considering the population

density (denser cities are expected to be more sensitive to land use intensity and tend to have

more apartment buildings), we find that Kobe has relatively more apartment buildings than

cities with similar population sizes and densities, such as Chiba, Kyoto, and Kitakyushu. This

is partly explained by the fact that Kobe built a lot of public housing to ease the housing

shortage after the earthquake, which are all in the form of apartments. Column 4 of Table 3

displays that 15 percent of Kobe’s occupied dwellings in 2003 are public housing, with this

share highest among the major cities. In addition, Kobe’s apartment buildings are generally

higher (that is, more intensive in land use); the proportion of its apartment buildings with

more than five stories and more than 10 stories is 47 and 21 percent, respectively, which is

much higher than most of the other cities (following Osaka) (columns 2 and 3 of Table 3).12

This ancillary evidence suggests that the overall urban planning and land use in the

affected area became more intensive after the redevelopment, allowing the high access loca-

tions to be denser. The unintended consequence is that the low access periphery tends to

face stagnation because it is currently less appealing to residents than the core locations are,

despite growing rapidly initially. This hypothesis on the heterogeneous treatment effects of

urban redevelopment is clearly testable.

[FIGURE 4 HERE]

Before the quantitative analysis, we present some stylized facts to justify our hypothesis.

We first look at the population dynamics of the KOK MA as a whole. Figure 4(a) (graph
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on the left) shows that HYOGO suffered a temporary stagnation in population growth after

the earthquake, but it had basically recovered to its original growth trend in 2000. For

OSAKA, as well as the entire KOK MA, we do not find observable evidence that they were

significantly affected by the earthquake, although their population growth was slower during

both the periods, before and after the earthquake, than that of Japan.

Figure 4(a) (graph on the right) further plots the population dynamics at the designated

city level. The population growth rate of Kobe was almost the same as that of other unaffected

designated cities (i.e., the average of Sapporo, Yokohama, Kawasaki, Nagoya, Hiroshima,

Kitakyushu, and Fukuoka) in 1985–1990; then, it lost about 4 percent of the population

immediately after the earthquake. Although Kobe recovered to its pre-quake level in 2000,

its recent population growth (2000–2015) has lagged behind other designated cities. For

Osaka and Kyoto, which were not significantly destroyed by the earthquake, we do not see

any population fluctuation shortly after the earthquake. Compared to the other unaffected

designated cities, population growth in Osaka and Kyoto is significantly lower, even before

the earthquake.

We then zoom into the affected area (i.e., the 22 affected municipalities). Figure 4(b)

displays the population dynamics of the affected area, as well as their unaffected neighboring

areas (i.e., unaffected municipalities that are less than 60 km away from the epicenter (or,

core Osaka)), before and after 1995. Those unaffected neighboring areas are most likely to

absorb the population that has flowed out of the affected municipalities, if any. Specifically,

affected area’s population dropped by around 2 percent (71,000 residents) in 1995 and 1996,

but quickly reversed and showed a solid growth in the following two decades. We do not find

additional population growth immediately after the earthquake in the unaffected neighboring

areas; despite their solid population growth in 1995–2003, this growth trend had existed

before the earthquake. Note that for those unaffected neighboring areas, we have only the

population data up to 2003 (see relevant instruction on data in Section 4.1).

[FIGURE 5 HERE]

Last but not least, we turn to look at the internal structure of the affected area before

and after 1995. Figure 5 plots the 1988–2015 population in the affected area (the top graph)

and the disaggregate population for the eastern (the middle graph) and western parts (the
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bottom graph). The total population seems robust to this temporary shock as it caught

up to the (predicted) population in the non-quake scenario in 2005 (i.e., the dashed line

in the top graph, which is a simple linear prediction of the 1988–1994 growth pattern).

However, the pattern of the internal structure was altered by the earthquake, which supports

our hypothesis. The eastern part, which stagnated before 1995 and suffered a significant

population loss in 1995 and 1996, showed considerable growth after short-term intensive

redevelopment. Its population quickly recovered to the 1994 level in 2000 and continuously

expanded during 2000–2015. In contrast, the initially expanding western part stagnated

after the earthquake. These basic patterns clearly show us that the population dynamics

in both parts were adjusted by the earthquake, although further investigation is required to

distinguish the proposed channel from other possible ones.13

4 EMPIRICAL STRATEGY: THE SC METHOD

We now formally examine the mechanism of the observed spatial reorganization in the affected

area by controlling for a body of confounding factors. To construct a credible control group,

we adopt the SC method to test the impact of the earthquake using a comparative analysis,

which was developed by Abadie and Gardeazabal (2003) and Abadie et al. (2010), and later

adopted by a stream of empirical studies, such as Cavallo et al. (2013), Barone and Mocetti

(2014), and Ando (2015). The approach aims to construct an SC unit of a treated unit

using the weighted average of a set of untreated donor units, after which the outcomes of the

treated and the SC units are compared to evaluate the impact of the treatment. To construct

a highly comparable SC unit, the weighted averages of the outcome variables and the relevant

covariates of the SC unit in the pre-treatment periods should be as close as possible to those

of a treated unit.

One notable feature of the SC method is that the required number of treated units is only

one. Therefore, using the SC method, we investigate the effect of urban redevelopment on

residential location choice by focusing on individual affected municipalities as quantitative

case studies. Although doing so makes it difficult to apply standard inference techniques

to examine the statistical significance of the results, this method allows us to investigate
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the magnitudes and mechanisms of the treatment effects as historical case studies, which

may be informative for researchers (or policy makers) who have an interest in not only

average treatment effects, but also the individual consequences of the earthquake-caused

urban redevelopment given limited quantitative and qualitative information. Based on the

fact that we have limited treated units (22 municipalities), and we suppose that the outcomes

of urban redevelopment are heterogeneous among the treated units given different initial

residential density and market access, the SC method is more suitable for our study relative

to other traditional estimation strategies for average treatment effects, such as difference-

in-difference (DID). Another preferred feature of the SC method is that the common trend

assumption required by the DID could be relaxed under relatively non-restrictive conditions,

so it allows us to explicitly control for possible differential trends by focusing on the impact

of a particular intervention.

4.1 Sample selection

The 22 affected municipalities are selected as the treated units; for the donor units, we focus

on the other designated cities and their surrounding municipality level cities. We can ensure

comparability in this manner as both the treated and donor units are in or close to an eco-

nomic center. To be precise, for the 11 treated districts (in Kobe and Osaka), their donors for

constructing the SC units are from the districts of the unaffected designated cities (72 donor

units) (see a description in Figure A1(b)). As these designated cities are involved in six pre-

fectures (HOKKAIDO, KANAGAWA, AICHI, KYOTO, HIROSHIMA, and FUKUOKA),

municipality level cities in these prefectures are selected as donors for the 11 affected mu-

nicipality level cities (118 donor units). Municipality level cities in both, treated and donor

units, are close to a designated city and, thus, supposedly have comparable population growth

patterns. Note that we do not pool the donor districts and donor cities (municipality level)

because districts are basically smaller than cities in population and area size, and are more

intensively developed. Defining donor units in this manner ensures comparability between

the treated and the constructed SC units. Furthermore, data availability of municipality level

districts differs from the municipality level cities. Data after 2003 are not used for the latter

because a national merger of municipalities took effect in 2003. As a result, the population
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before and after the merger cannot be compared directly.14 Our final sample for municipality

level districts is of 1988–2015, and for municipality level cities is of 1988–2003. During our

study period, there were no strong earthquakes, as well as other observable economic shocks,

in the donor units, ensuring them a qualified reference group.

4.2 Procedures

The application of the SC method for the treated districts (N=11) and the treated cities

(N=11) are analogous but have different donor groups and time periods. Hereinafter, we

discuss only the case for districts. Let p1it be the potential population in district i (i ∈ [1, 73])

(i.e., one treated plus 72 donors; the SC unit of a treated district is constructed using a

group of 72 donor districts) at time t (t ∈ [1988, 2015]) if the district was hit by the 1995

Hanshin earthquake and p0it if the district was unexposed to the earthquake. Since there was

no earthquake impact on the residential population before 1995, p0it = p1it for t ∈ [1988, 1994].

Without loss of generality, we assume that the first district is the treated one and the

remaining 72 are the donors. Let αt = p11t− p01t (t>1994) be the effect of the earthquake and

Dt be a dummy variable equal to one for the years after the earthquake, and zero otherwise.

Then, the observed population in the treated district can be written as: p1t = p01t + αtDt.

p01t is not observable for the years after the earthquake and needs to be estimated using the

value of αt. Following Abadie et al. (2010), we estimate αt as αt = p1t −
∑73

j=2wjpjt, where

weights (wj) are chosen by minimizing a certain penalty function (given by the Mean Squared

Prediction Error (MSPE)), which depends on the pre-quake pattern of population growth

and on pre-quake values of the population growth predictors (see a more detailed technical

instruction in Abadie and Gardeazabal (2003)).

We view the normalized residential population (i.e., population index; with each munic-

ipality’s population in 1994 as 1.00) as the key outcome variable. The post-quake population

index (1995–2015) predictors are the pre-quake population index (1988–1994), prefecture

level population index (1988–1994; population in 1994 are normalized as 1.00), population

size in 1994, land area, employment structure (share of service sector employment) in 1991,

aging index in 1990, number of firms in 1991, residential land price in 1993, female labor

force participation rate in 1990, industrial diversity in 1990 (Herfindahl index is applied to
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measure the industrial diversity, following Simon (1988)), human capital (proxied by the

share of university (and above) educated population) in 1990, distance to the core of the

nearest designated city, amenity in 1990 (proxied by: area of city park / land area), and

public security in 1990 (proxied by the criminal offense per capita). These covariates are

supposed to be highly predictable of population growth—on the basis of literature on urban

growth—because they reflect comprehensive information on population size, density, indus-

trial and population structure, housing prices, urban amenities, and others. Note that we

include only one-year data for some predictors partly as a result of the limitation on data

availability.15

5 EMPIRICAL EVIDENCE

5.1 Baseline results and robustness tests

Figure 6 presents the individual results of the SC method (Panels B and C of Table A1 detail

the summary statistics of the treated units and their SC units; donor municipalities’ weights

in the construction of the SC are reported in the online appendix). On the whole, the SC

units are much more comparable with the treated units than the pooled donor units. For

example, growth of population index (1988–1994) in the SC unit for Akashi is 0.071, exactly

the same as the real value, whereas this figure for the pooled donor units is 0.006. The

pre-quake patterns of population growth between a treated unit and its SC unit are generally

highly comparable. However, the population dynamics of most treated units are shown to

be different from their SC units immediately after the earthquake. Some experienced a

significant decline after the earthquake (e.g., Ashiya, Higashinada, Hyogo, Nada, Nagata,

Nishinomiya, and Suma), whereas others—in contrast—enjoyed higher population growth

than their SC units (e.g., Fukushima, Kawanishi, Suita, and Takarazuka). Note that Nishi

is an outlier because its pre-quake population growth is extremely significant (increased by

50 percent during 1988–1994), so we are not able to construct an SC unit with a similar

pre-quake growth pattern.

[FIGURE 6 AND FIGURE 7 HERE]

Are these estimates statistically significant? In the comparative case study setting, the
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standard statistical tests based on the normality assumption are not available. An alternative

method to measure significance is running a number of placebo studies (Abadie et al., 2010).

The underlying notion is that, if relevant effects are detected in the placebo exercises as well,

one may doubt the credibility of the empirical strategy. Therefore, for each treated unit,

we apply the SC method to all of its donor units (i.e., we change the treatment status of

the treated unit and a donor unit). We then compute the estimated effect associated with

each placebo run (72 and 118 placebo exercises for treated districts and cities, respectively).

Subsequently, we have a distribution of estimated (placebo) effects for the municipalities in

which no earthquake occurred in 1995. Figure 7 shows the results of two of the 22 tests (full

results are available in the online appendix). The thick black line represents the estimated

gap between the treated unit and the SC unit for the treated runs, and the other lines denote

the same gap for the placebo runs. For Fukushima, the estimated effect is, on average, higher

with respect to the distribution of the gaps in the placebo exercises. In contrast, for Kita, the

estimated gap is negative and larger relative to most of the placebo gaps. In the Fukushima

case, the estimated gap for the treated unit ranked 3rd out of 73 tests at the end of the

sample period, indicating that the probability of estimating a larger (positive) effect under

a random permutation of the treatment is 2/73, or less than 5 percent. Then, for Kita, the

related rank is 72nd out of 73, implying that the probability of estimating a larger (negative)

effect under a random permutation of the treatment is 1/73, or less than 5 percent. In a

confidence interval setting, we would conclude that the estimated effects for Fukushima and

Kita are both significant at a 5 percent confidence level.

By repeating this placebo test, we find that by 2003, 11 out of the 22 affected munici-

palities’ residential population were significantly affected (at least at a 10 percent confidence

level) by the earthquake shock. Figure 8 further plots the estimated treatment effects rel-

ative to the distances of the municipalities from core Osaka (black solid points refer to the

11 municipalities for which the estimated treatment effects are robust to the placebo tests).

Although we have no confidence in the significant treatment effect of urban redevelopment

on the residential population for all treated units, the figure makes it apparent that the es-

timated gaps for high access municipalities (i.e., close to core Osaka) are mostly positive,

whereas those in the periphery are negative.16 Note that the post-quake growth pattern of
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Nishi is higher than its SC unit (statistically significant), which is, as noted earlier, the result

of the invalid SC unit. Using Nishi’s population growth during 1988–2015 (see Figure 6),

we find that its mean annual growth rate after the earthquake is much lower than that in

1988–1994, implying that Nishi was likely to be negatively affected by the earthquake as well,

which is consistent with other affected municipalities in the western part. Overall, these ex-

ercises confirm our hypothesis that the population in the affected area agglomerated toward

core Osaka after 1995, and municipalities far from core Osaka shrank.

[FIGURE 8 HERE]

We then conduct a robustness check by excluding from the set of donors the municipali-

ties with a high weight in our baseline specification (i.e., the donors with the weights of 0.3 or

higher in constructing an SC unit). Indeed, the SC method usually delivers positive weights

for just a few units and one may wonder whether the estimates are sensitive to the particular

performance of a single municipality. The results are largely confirmed as the related fitted

line shown in Figure 8 is almost the same as that of the baseline results.17

In turn, by considering the population index of the SC units for 1995–2003 and 1995–

2015, we can calculate the counterfactual population of the affected municipalities in the

non-quake scenario. Specifically, the 2003 counterfactual population of a treated unit is

calculated using its population in 1994 and the population index of its SC unit in 2003:

pop2003predicted = pop1994real × popindex2003SC . Table 4 shows the comparison between the real and the

predicted population in the non-quake scenario. The total 2003 population in the affected

area was robust to the earthquake, with a size of 4.39 million that is almost equivalent to the

case in which the earthquake had not occurred. However, regarding the internal organization,

a comparison of the population of these two parts to that in the non-quake scenario showed

that 50,000 residents were relocated from the western part to the eastern part.

[TABLE 4 HERE]

Although we are not able to estimate the SC units’ population index during 2004–2015

for the affected municipality level cities due to data limitations, it is reasonable for us to

predict their non-quake scenario population in 2004–2015 using the real population in 1988

and the SC population in 2003 because the population growth trend is basically stable (i.e.,

increase or decrease with a fixed population each year) without a significant shock (note that
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for the affected municipality level districts, the counterfactual population in 2015 can be

calculated based on the SC units). Using this approach, the affected area’s 2015 population

size in the non-quake scenario is estimated at 4.49 million, with 1.62 million in the western

part and the remaining 2.87 million in the eastern part (Table 4). Compared with the real

2015 population, we find that the total population (4.56 million) is slightly higher than that

under the non-quake scenario (a 1.6 percent surplus). The internal structure adjustment is

much more significant. For the eastern part, the real population in 2015 (3.14 million) was

9.4 percent (=3.14/2.87-1) higher than the non-quake scenario population. In contrast, the

western part’s population in 2015 (1.42 million) was 12.3 percent (=1.42/1.62-1) lower than

the predicted one. The urban space was reorganized, with 5.0 percent of the population

being relocated from the western part to the eastern part (approximately 230,000 residents;

see the calculation for this figure in the footnote of Table 4).

5.2 ADDITIONAL CONCERNS

The pattern of post-quake agglomeration toward core Osaka in the affected area is, however,

likely to be caused by local shocks except for the earthquake, and such shocks are not captured

by the general determinants of population growth, as in the SC method. Note that we are

not able to control for these local influencing factors on the basis of the SC method because

most of the donor units are not in the KOK MA. To address these concerns, we focus on the

comparison between the affected municipalities and the unaffected locations in the KOK MA

because we expect that local shocks—if any—tend to affect the unaffected municipalities of

the KOK MA as well. We first question whether the agglomeration toward core Osaka has

been a trend for all of the municipalities in the KOK MA since 1995. In this case, our previous

estimates appear to be primarily driven by this trend, rather than urban redevelopment. To

do so, we estimate a triple interaction specification, which is detailed below. After confirming

the first question, we consider other potential confounding factors and mechanisms in turn

by adding the related control variables.

Overall agglomeration toward core Osaka. As shown in Figure 1, Osaka is located

in the geographical center of the KOK MA, with Kobe to the west and Kyoto to the northeast;

in addition, there are other cities with a population of more than 200,000 in the south and
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east. Therefore, by comparing the population dynamics in the unaffected municipalities with

the population growth in the affected municipalities around Kobe, we can capture whether

the unaffected areas in the KOK MA tend to agglomerate toward core Osaka after 1995, as

well.

Therefore, we perform an estimation as shown in Equation (1):

ln(popit) = α0 + (
2003∑

p=1995

αpY rpt)×Quakei ×Disti + (
2003∑

p=1995

βpY rpt)×Quakei

+(
2003∑

p=1995

γpY rpt)×Disti + δi + µt + εit.

(1)

popit is the population for municipality i and year t. Quake is a dummy variable that

distinguishes between treatment (affected) and control (unaffected) samples. A body of

time dummies exist: Y rp, which take that value of one for year p, and zero otherwise. We

insert triple interaction terms between Quake, a time dummy, and distance to core Osaka

(Dist). Municipality and year fixed effects are controlled for by δi and µt. Municipality fixed

effects control for all time-invariant differences between municipalities. Year fixed effects

control for time-variant changes that affect all sample municipalities similarly. Furthermore,

we control for municipality-specific time trends by including the interactions of municipality

dummies and a linear time trend, so that we allow the estimates to take into account widening

differences across municipalities during the long time horizon of this study.

If the population growth pattern as shown in Figure 8 is not driven by the overall

agglomeration trend (toward core Osaka) in the KOK MA, we expect that, compared with

unaffected municipalities in the KOK MA, the affected ones show a more significant pattern

of agglomeration toward core Osaka. That is, αp is expected to have a negative sign and βp to

be positive, as the population of an affected municipality tends to shrink after the earthquake

if it is further away from core Osaka, whereas the affected municipalities near core Osaka are

expected to benefit from the urban redevelopment and expand (i.e., Dist is small).

For the treatment samples, we include 20 affected municipalities (9 municipality level

districts of Kobe and 11 municipality level cities in HYOGO and OSAKA). Control sam-

ples include the unaffected municipalities in the urban area of four prefectures (i.e., OSAKA
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(except Osaka), KYOTO, WAKAYAMA, and NARA; unaffected municipality level cities in

HYOGO are not included as controls because they are likely to be indirectly affected by

the earthquake). Note that all districts of Osaka (including two affected ones) are excluded

from the estimation because Osaka—as the core of the KOK MA—is confounded, with its

population correlated to the population dynamics of both, the treated and the control sam-

ples. In total, 64 control municipalities exist; panel D of Table A1 presents the summary

statistics. Treatment municipalities are basically larger, relatively closer to core Osaka, and

have a lower possibility of strong earthquake in the future than the control municipalities,

which we will consider in the econometric model by controlling for the municipality fixed

effect, adding related control variables, and estimating with a symmetry sample.

[TABLE 5 HERE]

Column 1 of Table 5 shows regression results from estimating Equation (1). α is signif-

icantly negative and β is significantly positive for the period of 1998–2003, suggesting that

the affected municipalities close to core Osaka experienced higher population growth than

the related control municipalities in 1998–2003, whereas the remaining affected areas suffered

from population loss during this period. In 2003, this distance threshold is estimated as 27.4

(=0.137/0.005, i.e., −β2003/α2003) km, suggesting that affected municipalities that are more

than 27.4 km away from core Osaka got population loss due to the earthquake; this threshold

is very close to the cutoff distance range we set in Section 2 (i.e., 30 km). Note that for

the years immediately after the earthquake (i.e., 1995–1997), the estimated coefficients are

mixed effects with a temporary population loss attributable to shelter seeking by the home-

less, which are subject to the earthquake damage intensity, and not necessary to be related

with the proximity to core Osaka. Therefore, the sign and significance are expected to be un-

determined. Then, column 2 presents the results by controlling for the spatial effects, which

clear out the disturbance from the spatial dependence of population growth.18 In column 3,

we include only the overlapped distance samples to ensure that the treatment and control

samples are in the same distance range on the proximity to core Osaka. Both results are

essentially unchanged.19

In addition, we are concerned about an alternative story which may challenge our in-

terpretation. The pre-quake growth in the western part of the affected area might reflect
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some unobservable positive shocks occurring in areas that are closer to it than to the eastern

part, and the impacts of these shocks dissipated after 1995, resulting in the stagnation of the

western part. However, as displayed in Figure 1, there are only two cities with a population

larger than 200,000 within 80 km to the west and north of the affected area. This suggests

that areas near the western part are not large economic centers and are unlikely to affect the

overall population growth in the quake-affected area.

House age. We are also concerned about the post-quake changes in house age. The

damage intensity is heterogeneous among the affected municipalities. Those suffering max-

imum damage tend to reconstruct more new dwellings and, thus, the housing condition (in

terms of average house age) after redevelopment tends to be younger than those mildly at-

tacked. As displayed in Figure 9, municipalities that suffered stronger damage intensity in

1995 generally had a higher share of new dwellings in 2003 (we define a municipality’s damage

intensity as the number of damaged dwellings in 1995 relative to its total housing stock in

1993). By checking the 2003 housing conditions for affected and unaffected municipalities

of the KOK MA, we also find that the housing conditions of these two groups are mainly

different in the share of old dwellings (built in 1960 or earlier) and new dwellings built in

1996–2000. In 2003, on average, 10 percent of the dwellings were built in 1960 or earlier for

unaffected municipalities, whereas this share is only 5 percent for affected municipalities. In

contrast, the share of new dwellings (built during 1996–2000) is 22 percent in the affected

area, relative to 15 percent of unaffected dwellings (Data source: Housing and Land Survey,

2003). This finding implies that the earthquake mainly destroyed old dwellings (with poor

seismic capacity) that were then replaced by new dwellings built shortly after the earth-

quake. As people prefer new housing to old housing (see, e.g., Brueckner and Rosenthal,

2009), the preference for new housing is thus an alternative channel that affects a location’s

attractiveness to residents, in addition to the one we proposed.20

[FIGURE 9 HERE]

Therefore, we test whether the post-quake tendency of eastward population growth in

the affected area still exists after controlling for the damage intensity (or changes in housing

condition). We include the interactions of municipality level damage intensity and year

dummies (1995–2003); the value of this indicator for the affected municipalities is as per
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Figure 9, and is set to zero for control municipalities. Column 4 of Table 5 reports the

estimation results. We find α is still significant for the period of 1998–2003 (β is insignificant

in this case, but the coefficients are all positive), implying that the young house preference

cannot fully explain the pattern as shown in our baseline results.

Fear of future earthquakes. As suggested by Scawthorn et al. (1982), given the

possible awareness of a natural hazard within an urban area, the residential location is gen-

erally selected on the basis of its proximity to high-risk areas. Relevant empirical evidence

can be found in Nakagawa et al. (2007), Naoi et al. (2009), Bosker et al. (2018), Munro

(2018), and Ortega and Taspinar (2018). Given the occurrence of the Hanshin earthquake,

the officially reported earthquake possibility tends to increasingly affect the residential loca-

tion choice, particularly in the affected area. To consider the fear of future earthquakes, we

control for the municipality level possibility of a strong earthquake (≥6 on the seismic inten-

sity scale) occurring during 2005–2035 in our regression. Specifically, we insert the following

control variables to Equation (1): (
∑2003

p=1995 λpY rpt) × Quakei × (Quake possibilitiesi) +

(
∑2003

p=1995 τpY rpt) × (Quake possibilitiesi). The estimated coefficients for our key variables,

which are shown in column 5 of Table 5, are consistent with the baseline estimates.

Firm relocation. Firm relocation could explain the internal reorganization if there is

a lot of firm movement between the western and the eastern parts in the study period, since

workers tend to follow firms. Firm relocation may be caused by some unobservable factors

rather than the redevelopment process, and is thus confounding to our baseline results. To

address this concern, we calculate the changes in relative employment size between two parts

during the study period.

[FIGURE 10 HERE]

Figure 10 shows that the total employment size in the eastern part is around twice that of

in the western part. This ratio slightly declined between 1986–1996, suggesting employment

decentralization from the central locations to the periphery may have occurred before the

earthquake.21 If the residential location choice is determined by firm relocation, we expect

that firms would also agglomerate toward core Osaka as residents do after 1995. However,

unlike the residential distribution, we do not find the employment dynamics immediately

altered by the earthquake. The relative employment size declined for both total and sec-
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toral employment between 1996–2001, whereas this ratio grew for population (Figure 10).

This implies that the internal reorganization of residential location does not stem from firm

relocation.

[FIGURE 11 HERE]

One additional possibility for the post-quake agglomeration toward the eastern part is

the employment expansion of Osaka city. Specifically, the commuting time by rail between the

central locations of Osaka city and the eastern part’s municipalities is less than 30 minutes on

average. This provides people working in Osaka with convenience to commute between two

areas. That is, people who work in downtown Osaka may choose to live in the eastern part of

the affected area (of HYOGO) if they cannot afford high rents in downtown Osaka.22 Hence,

residential population of the eastern part tends to grow if there are increasing firms located

in core Osaka. Nevertheless, the data shown in Figure 11 suggest the opposite. Although

cross-prefecture employment in the eastern part (people who work in OSAKA but live in the

eastern part of the affected area (of HYOGO)) is high among the share of total residents

(0.15 in 1990), this ratio did not increase after the earthquake. By 2000, the eastern part’s

population had recovered to the pre-quake condition (Figure 5). However, cross-prefecture

employment remained significantly lower than what it was before the earthquake in 1990.

Since the average employment-to-population ratio is relatively stable within this period (0.51

in both 1990 and 2000), the hypothesis that rapid population growth in the eastern part of

the affected HYOGO can be attributed to the inward flow of Osaka’s commuting population,

is partially rejected.23

Land use restriction and transportation. Land use restriction is a possible chan-

nel affecting the residential distribution. For instance, population will not increase in the

locations given priority to non-residential land use. By checking the relevant government

documents, we find there is no significant change in land use policies in the quake-affected

areas before and after the earthquake. In addition, advancement of transit system may also

lead to residential redistribution within a metropolitan area (see Baum-Snow, 2007). We thus

check the development of transit system in the quake-affected area, but there is no obvious

change during (and several years prior to) our study period. The limited advancement of

transit system is unlikely to result in the observed change in demographic pattern.
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Housing externalities. Housing externalities may also play a role in our story.

To be specific, some affected municipalities that are close to core Osaka (Nishiyodogawa,

Fukushima, and Kawanishi) grew more after 1995, even though they were destroyed by the

earthquake to a relatively small extent (see Figures 6 and 8). We interpret this situation

as their deeply destroyed neighbors that underwent intensive redevelopment providing pos-

itive spatial externalities, making these municipalities more appealing to residents, as well

(see similar evidence in Rossi-Hansberg et al. (2010)). Given the limited sample size and

information, it is difficult to explore in more detail the economic mechanisms behind this

fact. However, housing externalities are unlikely to challenge our main interpretation since,

as shown in column 2 of Table 5, our baseline results are robust to controlling for the spatial

effects.

6 CONCLUDING REMARKS

This paper examines the long-term impacts of an earthquake in Japan on the urban spatial

structure. Guided by stylized facts, we find this natural disaster does not have a persistent

negative impact on the total population of the affected area given that it recovered in one

decade; however, the internal residential distribution changed significantly. That is, the

earthquake was shown to result in a reorganization of economic activity (i.e., population).

Population agglomerated toward locations with high access because urban redevelopment

improved land use intensity at those locations, allowing them to be denser. In turn, this

change led to stagnation in the peripheral locations that had once rapidly grown before the

earthquake.

This study provides some policy implications for how we think about urban renewal.

Existing studies that estimate government-oriented urban renewal outcomes focus mainly on

the treated area and its local surroundings (within approximately one kilometer or 3,500 feet

from the treated area, as per the strategy of Rossi-Hansberg et al. (2010)), for which the

estimated effects are usually positive. Our analysis implies that the positive treatment effect

at a very local scale may coincide with the negative treatment effects (in terms of population

loss or land value devaluation) in competing locations that are relatively far away from the
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treated locations. This unintended consequence should not be neglected in policy making.

Our findings shed new light on the heterogeneity of the impacts of urban redevelopment

across locations and suggest that researchers should focus more attention on case-by-case

outcomes of redevelopment rather than on average impacts.

Endnotes

1Other determinants of urban redevelopment include expected lifespan of buildings (Brueck-

ner, 1980), foresight pattern, changes in travel costs and income growth (Wheaton, 1982b),

and housing price uncertainty (Cunningham, 2006). Moreover, redevelopment may be re-

stricted when landowners do not internalize positive spillover effects from their own recon-

struction (Rosenthal and Ross, 2015; Hornbeck and Keniston, 2017). In the case of delayed

redevelopment, stagnation (or, decay and insufficient growth) may occur in the central loca-

tions of the city while city suburbs grow instead (Brooks and Lutz, 2016).

2To avoid any confusion regarding geographical scale, we indicate the name of the pre-

fecture in capital letters. For example, Osaka refers to the city of Osaka, which includes

24 municipality level districts, whereas OSAKA refers to Osaka prefecture, which includes

the city of Osaka and 32 municipality level cities and 11 municipality level towns or villages

(per the administrative division in 1990) (see a description of Japan’s administrative division

hierarchy in Figure A1(a)).

3Designated city refers to the major cities of Japan, which are delegated many of the

functions that are normally performed by prefectural governments. At the beginning of our

study period (1988), there are 10 designated cities in all, each with a population of greater

than one million (by 2017, this number increased to 20). Tokyo city, the capital of Japan

and also the largest city of the country, is not part of this system, but it can be considered

to have a similar administrative division hierarchy with the designated cities.

4Osaka, Kobe, and Kyoto consist of 24, 9, and 11 municipality level districts, respectively.
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5The JMA seismic intensity scale is used exclusively in Japan, which describes the degree

of shaking at various points on the earth’s surface. Level five is the lowest level at which

normal and earthquake-resistant buildings receive damage. The municipality level JMA

seismic intensity scale is obtained from the Japan Seismic Hazard Information Station; as

shown in Figure 2, these areas are located either on the focal region or proximate to it.

6All quake-affected towns/villages are on Awaji Island, which are sparsely populated (with

a population density of 265 per sq. km in 1988, much lower than that of our defined urban

quake-affected areas (3,677 per sq. km)), so population movements from / to our sample

urban areas are limited, and should have little impact on our empirical results.

7In addition to market access, the damage intensity is also heterogeneous among the

affected municipalities, which is discussed in Section 5.2. Note that this Fukushima refers to

the Fukushima district of the city of Osaka rather than the Fukushima prefecture in Tohoku

region of Japan.

8The CBD of Kobe city (in Chuo district) is 29.7 km from core Osaka and is included in

the eastern part.

9This is potentially the result of other factors, which are discussed in the following sections.

10Although the epicenter was to the west of Kobe (between Kobe and Awaji Island), the

spread of the earthquake wave was determined by the structure of the seismic fault. Therefore,

the seismic intensity scale did not monotonically decrease with distance from the epicenter.

For example, Takarazuka, an affected municipality level city that is 40 km away from the

epicenter, was hit by a seismic intensity scale of level seven—even higher than some affected

locations that were less than 20 km away from the epicenter.

11The affected area received significant government transfers during the first three years

after the earthquake. For example, the government transfers received by Kobe accounted for

5.7, 4.5, and 0.5 percent of the city’s national income in 1995, 1996, and 1997, respectively;

this transfer payment was then stopped after 1997 (Data source: Annual Report of Local

Public Finance Statistics (various years) edited by the Local Public Finance Bureau, Japanese
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Ministry of Internal Affairs and Communications).

12Note that the data on housing structure are only available at the designated city level,

and pre-quake data are not available (this indicator was reported (or publicly disclosed) since

the 2003 wave of the Housing and Land Survey); therefore, we are not able to examine the

changes in housing structure before and after 1995.

13While the growth of Japan’s population slows down over the study period, we find the

population of Japan’s designated cities follows an approximately linear trend. Since all our

sample municipalities are located either in or very close to a designated city, we assume the

growth pattern of designated cities, rather than the country as a whole, is representative for

our samples. Therefore, an approximately linear trend might fit the growth pattern (in the

case of no earthquake) for the quake-affected area.

14During 2003–2006, the number of municipalities in Japan declined from 3,212 to 1,821

(Yokomichi, 2007). The designated cities (i.e., municipality level districts) are not affected

by this merger.

15We also added limited lagged variables, such as employment structure in 1986, aging

index in 1985, number of firms in 1986, industrial diversity in 1985, human capital in 1986

and estimated bubble size of property price in 1990, as additional predictors to control for

lagged effects. Results are largely consistent with our baseline results (as shown in Section

5.1), and are available upon request.

16Although the DID is not the preferred empirical specification for our case, we find that

most of our empirical results are robust to this approach. Please find the detailed results

using a DID approach in the online appendix.

17We also plot the estimated earthquake effects on population index in a longer period

(1995–2015) for the 11 affected districts (as mentioned previously, related data for the affected

municipality level cities are not available). The pattern of agglomerating toward core Osaka

is essentially the same.

18Specifically, we employ the generalized spatial autoregressive model with a standardized
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inverse distance-based weight matrix; the Moran’s I index is 0.045 (p-value<0.01).

19We also estimated Equation (1) using distance to other cores in unaffected areas, includ-

ing Kyoto, Sapporo, Yokohama, Kawasaki, Nagoya, Hiroshima, Fukuoka, and Kitakyushu.

Our results show that agglomeration toward core area is not a general phenomenon that is

common for all central areas. The results are available upon request.

20Although people seem to prefer old houses to new ones in specific countries, such as the

U.K. (Cuberes and Roberts, 2015), this is not the case in Japan. Only 34 percent of Japan’s

housing transactions are for the existing home sales in 2012, suggesting a strong preference

on new homes in Japan (as a reference, this ratio for the U.S. is 83 percent) (Kobayashi,

2016). This is partly due to the quality difference between new and old houses since Japan

is prone to frequent earthquakes, or the Japanese just feel happy with new buildings (see a

more detailed discussion in Kobayashi (2016)).

21This is not contradicting with our baseline results, since both firms and residents are

likely to be negatively affected by the delayed redevelopment.

22As shown in Section 2.1, the city of Osaka is most populous in the KOK MA, resulting

in high rents.

23Data source: Japan Statistical Yearbooks, various years.
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TABLE 1: The pre-quake pattern of population growth in the KOK MA. 

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

 ln(pop. density, 1994) 
 Mean annual pop. growth 

 (1988-1994) (%) 

Distance to core Osaka -0.04*** -0.04*** -0.07*** -0.03**  0.05** 0.01 

 (0.00) (0.01) (0.01) (0.01)  (0.02) (0.02) 

ln(pop. density, 1988)       -1.19*** 

       (0.43) 

Sample all <60 km  <30 km Quake-affected  Quake-affected Quake-affected 

N 118 101 67 22  22 22 

R-sq 0.619 0.419 0.617 0.223  0.183 0.494 

Notes: Constant terms are not reported. See summary statistics in Table A1 (panel A). Heteroskedasticity robust standard 
errors are in parentheses: * p < 0.1, ** p < 0.05, and *** p < 0.01.  
 
 
 
 
 
 
 
 
 



      

TABLE 2: The basic pattern of the eastern and western parts of the affected area. 

 Eastern part Western part 

Num. of municipalities 14 8 

Area size (sq. km) 527 637 

Mean annual pop. growth rate in 1988-1994 (%)  -0.23 1.08 

Residential population in 1988 (million) 2.94 1.34 

Residential population per sq. km in 1988 5,581 2,100 

Deaths in the quake (person) 3,722 1,468 

Deaths in the quake/Population in 1994 0.0013 0.0010 

Num. of houses destroyed in the quake 55,844 29,046 

Num. of houses destroyed/Total housing stock in 1993 0.0459 0.0534 

Notes: Data for residential population are taken from the Residential Population Survey, for total housing stock are taken 
from the Housing and Land Survey, and for area size are based on the National Census 1990. Data for the deaths in the 
quake and number of houses damaged are obtained from Edgington (2010). 
 



      

TABLE 3: Housing structure in the designated cities and Tokyo. 

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

City 

Apartment/ 

(Apartment+ 

Detached house) 

(%) 

Apartment 

(story>5) 

/Apartment 

 (%) 

Apartments 

(story>10) 

/Apartment 

(%) 

 

Public housing/ 

Total housing (%) 

 

Population 

(million) 

Population density 

(1,000 per sq. km) 

Osaka 75 60 28 12 2.59 11.6 

Fukuoka 75 47 15 10 1.38 4.0 

Tokyo 74 37 16 8 8.35 13.4 

Kawasaki 73 25 6 6 1.33 9.7 

Nagoya 67 45 15 12 2.19 6.7 

Kobe 65 47 21 15 1.52 2.7 

Sapporo 64 33 11 5 1.88 1.7 

Yokohama 63 34 10 7 3.55 8.2 

Sendai* 59 30 12 4 1.02 1.3 

Chiba* 59 34 16 11 0.92 3.4 

Hiroshima 58 41 15 5 1.14 1.3 

Saitama* 57 30 9 4 1.05 4.8 

Kyoto 54 35 11 7 1.46 1.8 

Kitakyushu 53 39 12 13 0.99 2.0 

Notes: Housing structure data are obtained from the Housing and Land Survey, 2003. *: Sendai, Chiba, and Saitama were 
upgraded to be designated cities after 1988 (the beginning of our study period), district level population data before their 
designations are not available; thus, they are not included into the donor pools of our SC approach. Data of population and 
population density are for 2005. 



      

TABLE 4: Estimated spatial reorganization under the SC method. 

 East West East + West Relocation (from West to East) 

Year: 2003 

Population 2.96 1.43 4.39  

 

1.1% (=0.05/4.39) 

Predicted Population 2.90 1.48 4.38 

Pop. - Predicted Pop. 0.06 -0.05 0.01 

Year: 2015 

Population 3.14 1.42 4.56  

 

5.0% (=0.26/4.56) 

Predicted Population  2.87 1.62 4.49 

Pop. - Predicted Pop.  0.27 -0.20 0.07 

Notes: In the case that the internal structure of the affected area in 2015 followed the non-quake scenario, the population 
of the western part was expected to be 1.65 (=(1.62/4.49)×4.56) million, implying 0.23 (=1.65-1.42) million residents 
were relocated from the western to the eastern part due to the earthquake and urban redevelopment (5.0 percent of the 
population in the affected area); Analogously, this figure for 2003 is calculated at 0.05 million (or, 1.1 percent). 



      

TABLE 5: Estimations with the residential population data of the KOK MA. 

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

 

Baseline 
Control for 

spatial effects 
Symmetry 

Control for 

damage intensity 

Control for 

future quake 

possibilities 

quake×yr1995×dist. (α1995) -0.000(0.000) -0.000(0.000) -0.000(0.000) -0.000(0.000) -0.000(0.000) 

quake×yr1996×dist. (α1996) -0.000(0.000) -0.000(0.000) -0.000(0.001) -0.000(0.000) -0.000(0.000) 

quake×yr1997×dist. (α1997) -0.001(0.001) -0.001(0.001) -0.001(0.001) -0.001(0.000)** -0.000(0.001) 

quake×yr1998×dist. (α1998) -0.001(0.001)** -0.001(0.001)* -0.001(0.001)* -0.001(0.001)** -0.001(0.001) 

quake×yr1999×dist. (α1999) -0.002(0.001)*** -0.002(0.001)** -0.002(0.001)** -0.002(0.001)** -0.002(0.001)** 

quake×yr2000×dist. (α2000) -0.003(0.001)*** -0.003(0.001)** -0.003(0.001)*** -0.003(0.001)*** -0.003(0.001)*** 

quake×yr2001×dist. (α2001) -0.004(0.001)*** -0.003(0.001)** -0.004(0.001)*** -0.003(0.001)*** -0.003(0.001)*** 

quake×yr2002×dist. (α2002) -0.004(0.001)*** -0.004(0.002)** -0.005(0.002)*** -0.004(0.001)*** -0.004(0.001)*** 

quake×yr2003×dist. (α2003) -0.005(0.002)*** -0.005(0.002)** -0.006(0.002)*** -0.004(0.002)*** -0.005(0.002)*** 

quake×yr1995 (β1995) -0.017(0.010)* -0.014(0.010) -0.019(0.012) -0.020(0.019) -0.040(0.027) 

quake×yr1996 (β1996) -0.029(0.017)* -0.025(0.017) -0.030(0.019) -0.007(0.026) -0.066(0.049) 

quake×yr1997 (β1997) -0.016(0.018) -0.011(0.017) -0.018(0.021) 0.004(0.027) -0.044(0.050) 

quake×yr1998 (β1998) 0.005(0.019) 0.009(0.019) 0.006(0.023) 0.012(0.038) -0.022(0.053) 

quake×yr1999 (β1999) 0.032(0.021) 0.036(0.022)* 0.034(0.026) 0.026(0.053) 0.012(0.062) 

quake×yr2000 (β2000) 0.060(0.025)** 0.063(0.025)** 0.067(0.031)** 0.033(0.065) 0.043(0.070) 

quake×yr2001 (β2001) 0.085(0.029)*** 0.088(0.030)*** 0.096(0.037)*** 0.037(0.079) 0.075(0.082) 

quake×yr2002 (β2002) 0.111(0.035)*** 0.114(0.035)*** 0.125(0.043)*** 0.042(0.091) 0.105(0.094) 

quake×yr2003 (β2003) 0.137(0.040)*** 0.138(0.040)*** 0.156(0.050)*** 0.042(0.103) 0.124(0.106) 

Two-way FEs Y Y Y Y Y 

Muni. linear time trend Y Y Y Y Y 

N 1344 1344 1088 1344 1344 

R-sq 0.892 0.889 0.891 0.924 0.894 

Notes: Constant terms and the coefficients of “yr* × dist.” are included in the regressions but not reported. Time period is 
1988–2003. See summary statistics in Table A1 (panel D). Heteroskedasticity robust standard errors (clustered at the 
municipality level) are in parentheses: * p < 0.1, ** p < 0.05, and *** p < 0.01.  
 
 
 
 
 
 
 
 
 
 



      

TABLE A.1: Summary statistics. 

Panel A: Summary statistics of the pre-1995 population 

 N Mean S.D. Min. Max. 

The whole KOK MA 

Pop. density (1994) (per sq. km) 118 5,297 4,719 118 17,816 

Distance to core Osaka (km) 118 33.58 27.69 0.00 113.30 

The affected area 

Pop. density (1988) (per sq. km) 22 6,133 3,638 619 12,954 

Distance to core Osaka (km) 22 26.45 15.02 4.49 59.13 

Mean annual pop. growth (1988-1994) (%) 22 0.17 1.68 -1.78 6.53 

Notes: Population data are obtained from the Residential Population Survey, by the Local Administration Bureau, Ministry 
of Internal Affairs and Communications. A municipality’s distance to core Osaka is calculated based on the geographical 
distance between its core area to Osaka rail station. 
 
 



      

 (Continued) 

Panel B: Summary statistics of the treated units and their SC units (municipality level cities) 

 Donors Akashi Amagasaki Ashiya Ikeda Itami Kawanishi 

 (N=118) T S T S T S T S T S T S 

Pop. index change, 1988-94 0.006 0.071 0.071 -0.021 -0.022 -0.023 -0.027 -0.012 -0.023 0.016 0.017 0.022 0.025 

Pref. pop. index change, 1988-94 0.023 0.029 0.042 0.029 0.024 0.029 0.015 -0.001 0.020 0.029 0.029 0.029 0.033 

Population, 1994 (thousand) 106 281 252 487 220 85 70 101 97 186 146 144 130 

Land area, 1994 (sq. km) 171 49 58 50 107 17 20 22 25 25 34 53 49 

Service employ. share, 1991 0.63 0.63 0.69 0.60 0.66 0.92 0.76 0.69 0.70 0.56 0.65 0.75 0.71 

Aging index, 1990 0.18 0.14 0.13 0.15 0.19 0.17 0.17 0.14 0.15 0.12 0.13 0.14 0.16 

Firm num., 1991 (thousand) 5.15 11.09 9.68 26.86 11.05 2.99 2.94 4.76 4.26 6.61 6.17 4.03 4.58 

Land price, 1993 (thou. yen per sq. m) 104 201 189 352 156 581 227 -- -- 307 229 231 212 

Female labor force parti. rate, 1990 0.46 0.40 0.42 0.44 0.42 0.37 0.42 0.41 0.42 0.43 0.44 0.37 0.39 

Criminal offence p.c., 1990 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 

Industrial diversity, 1990 0.21 0.22 0.20 0.22 0.20 0.24 0.19 0.19 0.20 0.23 0.21 0.20 0.21 

Dist. to the core of a desig. city 55 35.49 32.47 10.04 13.78 6.11 15.89 14.06 17.32 11.76 12.33 23.49 23.66 

Area of city park/Land area, 1990 0.01 0.03 0.02 0.04 0.02 0.02 0.01 0.05 0.01 0.03 0.02 0.01 0.01 

Human capital, 1990 0.07 0.09 0.12 0.09 0.11 0.25 0.12 0.15 0.13 0.11 0.14 0.14 0.15 

MSPE  0.0023 0.0009 0.0040 0.0066 0.0039 0.0031 

  Miki Nishinomiya Suita Takarazuka Toyonaka   

  T S T S T S T S T S   

Pop. index change, 1988-94  0.040 0.017 -0.001 -0.006 -0.036 -0.044 0.028 0.029 -0.024 -0.036   

Pref. pop. index change, 1988-94  0.029 0.026 0.029 0.030 -0.001 0.027 0.029 0.032 -0.001 0.026   

Population, 1994 (thousand)  77 80 412 223 330 157 204 152 396 191   

Land area, 1994 (sq. km)  120 119 99 89 36 71 102 73 36 89   

Service employ. share, 1991  0.64 0.64 0.78 0.64 0.82 0.65 0.76 0.67 0.72 0.64   

Aging index, 1990  0.16 0.17 0.14 0.17 0.11 0.17 0.14 0.17 0.12 0.17   

Firm num., 1991 (thousand)  3.70 3.59 16.02 10.61 11.66 7.51 5.40 6.18 16.83 9.33   

Land price, 1993 (thou. yen per sq. m)  82 82 446 170 -- -- 337 257 -- --   

Female labor force parti. rate, 1990  0.43 0.43 0.40 0.43 0.42 0.41 0.37 0.40 0.42 0.42   

Criminal offence p.c., 1990  0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01   

Industrial diversity, 1990  0.22 0.22 0.20 0.21 0.22 0.21 0.20 0.21 0.19 0.21   

Dist. to the core of a desig. city  29.66 29.75 7.46 12.89 11.80 18.49 17.98 20.29 9.58 17.38   

Area of city park/Land area, 1990  0.00 0.00 0.02 0.02 0.08 0.02 0.01 0.01 0.06 0.02   

Human capital, 1990  0.07 0.08 0.18 0.12 0.15 0.12 0.18 0.16 0.15 0.11   

MSPE  0.0123 0.0039 0.0038 0.0010 0.0078   

Notes: T: the treated units; S: the SC units. Data for land price are missing for municipalities in OSAKA; thus, land price 
is excluded from the predictors for constructing the SC units for the treated units in OSAKA. MSPE is minimized during 
1988-1994. 
Pop. index change, 1988-94: Pop. index in 1994 - Pop. index in 1988;   
Aging index: Population aged 65 and over/Total population;  
Land price: Residential land price per sq. meter;  
Criminal offence p.c.: Number of penal code offenses perceived/Population; 
Human capital: University (and above) educated population/Population; 
Industrial diversity: Total employment in a municipality is divided into 13 industries according to the National Census 
of Japan: agriculture; forestry; fisheries; mining; construction; manufacturing; retail, wholesale and catering; finance and 
insurance; real estate; transportation and telecommunication; utility; public service; other unclassified services. Let 
employment in industry i in municipality c equal Eic and total employment in municipality c equal Ec, then the employment 
share of industry i in city c is wic=Eic/Ec. Industrial diversity in city c is measured by the Herfindahl index, defined as 
∑ 𝑤 . This index takes on a maximum of one if all employment is concentrated in one industry and a minimum of 1/13 
if employment is perfectly diversified, that is, equally distributed across all 13 industries; 
Dist. to the core of a desig. city: Distance to the core of the nearest designated city. 
Data source: residential population: Residential Population Survey by the Local Administration Bureau, Ministry of 
Internal Affairs and Communications; land area, employment, aging index, female labor force participation rate and 
university (and above) educated population: National Census by the Statistics Bureau, Ministry of Internal Affairs and 
Communications; firm number: Establishment and Enterprise Census by the Statistics Bureau, Ministry of Internal Affairs 
and Communications; residential land price and park area: Prefectural Statistics by the Prefectural Statistical Bureau; 
number of penal code offenses perceived: Metropolitan Police Department; distance to the core of the nearest designated 
city: Longitude and latitude based distance measure. 



      

(Continued) 

Panel C: Summary statistics of the treated units and their SC units (municipality level districts) 

 Donors Chuo Fukushima Higashinada Hyogo Kita Nada 

 (N=72) T S T S T S T S T S T S 

Pop. index change, 1988-94 0.007 -0.053 -0.070 -0.061 -0.064 -0.029 0.003 -0.112 -0.096 0.131 0.131 -0.023 -0.050 

Pref. pop. index change, 1988-94 0.030 0.029 0.028 -0.001 0.020 0.029 0.037 0.029 0.017 0.029 0.029 0.029 0.026 

Population, 1994 (thousand) 155 103 114 54 63 187 161 118 92 212 158 121 113 

Land area, 1994 (sq. km) 52 22 15 5 9 30 45 14 15 242 76 31 25 

Service employ. share, 1991 0.72 0.87 0.85 0.75 0.76 0.72 0.77 0.65 0.79 0.83 0.76 0.74 0.78 

Aging index, 1990 0.15 0.19 0.19 0.20 0.21 0.15 0.15 0.24 0.23 0.13 0.14 0.20 0.19 

Firm num., 1991 (thousand) 8.52 257.44 149.82 76.91 79.68 75.19 71.86 119.10 108.92 46.06 42.15 77.76 80.36 

Land price, 1993 (thou. yen per sq. m) 250 654 433 -- -- 469 353 339 292 154 140 435 376 

Female labor force parti. rate, 1990 0.45 0.48 0.49 0.51 0.50 0.40 0.42 0.45 0.47 0.39 0.42 0.43 0.44 

Industrial diversity, 1990 0.22 0.19 0.22 0.24 0.24 0.20 0.23 0.22 0.25 0.22 0.20 0.20 0.25 

Dist. to the core of a desig. city 7.47 5.46 4.79 3.56 3.65 9.55 9.00 0.00 1.40 7.80 16.51 8.30 6.54 

Human capital, 1990 0.12 0.12 0.15 0.10 0.11 0.18 0.17 0.07 0.10 0.11 0.12 0.14 0.15 

MSPE  0.0086 0.0026 0.0136 0.0095 0.0054 0.0117 

  Nagata Nishi Nishiyodogawa Suma Tarumi   

  T S T S T S T S T S   

Pop. index change, 1988-94  -0.113 -0.099 0.324 0.155 -0.017 -0.031 -0.012 0.007 0.022 0.029   

Pref. pop. index change, 1988-94  0.029 0.023 0.029 0.032 -0.001 0.035 0.029 0.039 0.029 0.042   

Population, 1994 (thousand)  125 95 192 150 90 117 185 170 236 185   

Land area, 1994 (sq. km)  12 16 137 84 14 18 28 40 29 44   

Service employ. share, 1991  0.57 0.80 0.60 0.73 0.42 0.57 0.79 0.74 0.86 0.72   

Aging index, 1990  0.24 0.23 0.12 0.15 0.16 0.16 0.14 0.14 0.13 0.13   

Firm num., 1991 (thousand)  115.07 89.54 52.37 40.92 65.31 62 55.52 55.42 58.86 56.75   

Land price, 1993 (thou. yen per sq. m)  268 229 176 132 -- -- 303 276 249 229   

Female labor force parti. rate, 1990  0.41 0.44 0.40 0.43 0.46 0.46 0.38 0.41 0.37 0.40   

Industrial diversity, 1990  0.23 0.24 0.21 0.18 0.29 0.24 0.21 0.22 0.21 0.21   

Dist. to the core of a desig. city  3.67 3.08 14.87 16.96 4.49 4.82 5.31 9.11 11.68 10.69   

Human capital, 1990  0.07 0.11 0.10 0.09 0.06 0.08 0.12 0.16 0.13 0.15   

MSPE  0.0089 0.1015 0.0067 0.0078 0.0030   

Notes: T: the treated units; S: the SC units. See panel B for the description of variables and data source. Data of park area 
and number of penal code offenses perceived are missing for municipality level districts, thus, related variables are 
excluded from the predictors for constructing the SC units.



      

 (Continued) 

Panel D: Summary statistics: quake-affected and unaffected municipalities in the KOK MA 

Number of sample municipalities 
Treatment  

(N=20) 

Control  

(N=64) 

Population (mean of 1988-2003) 208,261 136,315 

Distance to core Osaka (km) 28.57 36.95 

Strong earthquake (≥6 intensity) possibility 2.01 4.04 

Num. of damaged dwellings/Pop. in 1994 0.03 0.00 

Notes: Population and distance to core Osaka: see panel A; possibility of a strong earthquake: Japan Seismic Hazard 
Information Station; the data refer to the possibility of ≥ 6 intensity scale earthquake during 2005–2035, which are counted 
in 1–5 by the quake probability: 0–0.1%, 1; 0.1–3%, 2; 3–6%, 3; 6–26%, 4; 25–100%, 5; number of damaged dwellings: 
Edgington (2010). For all these indicators, the treatment group is significantly different from the control group (based on 
the T-test). 
 
 
 



      

 
 

(a) The location of the KOK MA in Japan                                  (b) The hierarchy of the KOK MA 

FIGURE 1: Population distribution in the KOK MA. 

Notes: the map (a) does not include Okinawa prefecture. The yellow area denotes the broadly defined KOK MA (five prefectures: OSAKA, KYOTO, HYOGO, NARA, and 
WAKAYAMA). The locations of Tokyo and all the designated cities in 1988 are cited. The map (b) is the zoomed view of the KOK MA (the red lines are prefectural boundaries); cities 
with a population of more than 200,000 (in 1994) are highlighted. There are three designated cities in the KOK MA (Osaka, Kyoto, Osaka).



      

 
Districts of Kobe city 

 
 
 
 
 
 
 
 
 
 
                                                                                                      
 
 
 

Districts of Osaka city                                 
 

FIGURE 2: Locations of the quake-affected municipalities in Hyogo and Osaka prefectures. 

Notes: The area marked in gray is the affected area, which includes 22 municipalities in total. They are Kobe city (consists of nine municipality level districts; see the map of Kobe city 
in the upper right), two districts of Osaka city (Nishiyodogawa and Fukushima; see the map of Osaka city in the lower right), and 11 municipality level cities (denoted by the numbers 
(1-11) in the map: Akashi (1), Miki (2), Ashiya (3), Nishinomiya (4), Amagasaki (5), Itami (6), Takarazuka (7), Kawanishi (8), Toyonaka (9), Ikeda (10), and Suita (11); 1-8 are in Hyogo 
prefecture, and 9-11 in Osaka prefecture). Osaka rail station (see the map of Osaka city in the lower right) is set as the core of Osaka city. Affected municipalities that are 30 km or further 
away from core Osaka are defined as the western part of the affected area (including eight municipalities: Akashi, Miki, Nishi, Kita, Tarumi, Suma, Nagata, and Hyogo), and the remaining 
14 are defined as the eastern part of the affected area.



      

 
 

FIGURE 3: Number of new dwellings in the affected area. 

Notes: The figures in the graph refer to the number of new residential dwellings starting construction in a specific year. 
Data are obtained from the Annual Report of Construction Statistics, by the Section of Information Management, Policy 
Bureau, Ministry of Land, Infrastructure, Transport and Tourism.
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(a) Quake-affected and unaffected prefectures/major cities 

 
(b) Quake-affected and unaffected areas (municipality level) 

FIGURE 4: The pre- and post-quake population growth in the affected area. 

Notes: (a): Data for “Unaffected designated cities” refer to the mean population index of the cities of Sapporo, Yokohama, 
Kawasaki, Nagoya, Hiroshima, Kitakyushu, and Fukuoka. (b): Data for “Affected area” refer to the 22 quake-affected 
municipalities as defined in Figure 2; data for “Unaffected area (<60 km with Osaka/epicenter)” refer to the unaffected 
urban municipalities which are less than 60 km away from core Osaka/epicenter. The population of the affected area in 
1994 is 4.3 million, of the unaffected area (<60 km with core Osaka) is 10.9 million, and of the unaffected area (<60 km 
with epicenter) is 8.0 million. 
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FIGURE 5: Population growth in the affected area. 

Notes: The top graph refers to the population of the affected area as a whole; the dashed line represents the predicted 
population in the non-quake scenario which is on the basis of the 1988-1994 linear population growth trend. The middle 
and bottom graphs refer to the population of the eastern and the western parts of the affected area, respectively. Miki city, 
a municipality level city in the western part of the affected area, absorbed a municipality level town (Yokawa) in October 
2005, the population data of Miki before and after 2005 are therefore not comparable. In order to maintain data 
comparability, we adjust the population of Miki by: Pop_adjustedt = Popt - PopYokawa_in_2004 for year t (t > 2004). 
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(a) Municipality-level districts (1988-2015) 

 
(b) Municipality-level cities (1988-2003) 

FIGURE 6: Raw results of the SC method. 

Notes: Bold lines are actual population indices for treated municipalities. Thin lines are synthetic population indices 
without earthquake. Full results of the placebo tests for the 22 quake-affected municipalities are available in the online 
appendix.
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FIGURE 7: Placebo tests (two examples). 

Notes: Bold lines are population index gaps (= actual population index – synthetic population index) for treated 
municipalities. The other lines are gaps for placebo municipalities. Full results of the placebo tests for the 22 quake-
affected municipalities are available in the online appendix. 
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FIGURE 8: Gaps in population index against the distance to core Osaka. 

Notes: “muni. (significant)” refers to the quake-affected municipalities with an estimated effect significant at least at a 10% 

confidence level. We exclude Nishi when plotting the fitted lines because the SC of Nishi fails to match its pre-1995 

population growth (see Figure 6). The estimated slopes (standard errors) are: baseline, -0.0022 (0.0008); excl. main donors, 

-0.0021 (0.0007). 
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FIGURE 9: Damage intensity and the conditions of house age.
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FIGURE 10: The relative employment between the eastern and the western parts. 

Notes: Data of employment are available only at a five-year frequency (i.e., 1986, 1991, 1996, 2001, and 2006). 
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FIGURE 11: Cross-prefecture employment in the affected area. 
Notes: Cross-prefecture employment: Number of residents in the affected area of HYOGO who work in OSAKA. Data on 
cross-prefecture employment are from the National Census by the Statistics Bureau, Ministry of Internal Affairs and 
Communications. The data refers to 17 quake-affected municipalities in HYOGO (with eight in the western part and nine 
in the eastern part). 
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(a) The administrative division hierarchy of Japan 

 

 

(b) The treated and donor units for constructing the SC units 

FIGURE A.1: The description of sample units. 

Notes: For (a), municipality level cities and districts are classified as urban area, and towns and villages are rural area. 
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