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ABSTRACT 
Almost ten years after the 9.0-magnitude earthquake on 11th March 2011 occurred triggering 
following large tsunamis devastating the eastern coastal regions of Japan and the nuclear 
disaster in Fukushima, considerable parts of reconstruction work in the tsunami-damaged 
regions outside of the radioactively polluted area have completed. The “reconstruction” in the 
region was not indeed just to rebuild the exactly same as pre-tsunami buildings and 
infrastructures, but included some relocations of settlements and infrastructures, as well as 
rearrangement of various public and private services. 

Transport infrastructures and services are not an exception of this, and relocations and 
rearrangements of both infrastructures and services were made. In this research, we analysed 
several macro-scale datasets to understand how car ownership, transport infrastructure and 
locations of settlements as well as key public and private facilities in the region has changed 
along with the “reconstruction” process. Such datasets include car ownership in each 
municipality, geolocation data of infrastructures and facilities, and so on. In combination with 
the statistics about the damages, we also analysed how these changes are interrelated to the 
extent of the tsunami-damage, which is the primary cause of the reconstruction needs in this 
natural disaster. 

Our analysis result shows that the motorization rate (car ownership per 1000 inhabitants) 
significantly increased in the region where area-wide reconstruction of cities and settlements 
was needed after the tsunami damage compared to the other regions. Preliminary result also 
shows that the increase of motorization rates tends to correlate to the extent of the tsunami 
damage, and the increase of length of low-class roads that services for everyday local travels 
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does, too. Overall, a faster increase of motorization rate and thus car-dependency than in 
other regions as a consequence of tsunami disaster and following reconstruction is implied. 

In the planned paper, we present our full analysis results in detail. We discuss the possible 
causalities for this faster motorization, drawing conclusions as well as future research needs.   

1. Introduction 
As widely reported, the 2011 Tohoku earthquake and tsunami, sometimes referred to as Great 
East Japan Earthquake, on 11 March 2011 resulted in massive humanitarian impacts, nuclear 
accidents and economic impacts particularly in the Pacific coast of north-eastern Honshu. At 
the time of this research, more than ten years  have passed since the earthquake, and 
reconstruction works have progressed rapidly to recover the damaged infrastructures and 
settlements. 

In the area damaged severely by the tsunami, relocation of the entire settlement or a part of 
the city is common, too. In such places, residential buildings were rebuilt relatively rapidly with 
public financial support or public housing for tsunami refugees. Public facilities such as 
hospitals, schools and libraries, commercial facilities, as well as workplaces have been 
recovered in parallel, sometimes being relocated in line with the settlement relocations until 
the time of the research.  

As such, the 2011 Toholu earthquake and tsunami and the recovery form it led to some 
changes in the infrastructure on one hand, including transport infrastructure. On the other 
hand, the changes in the settlement including the relocations may have interacted with the 
changes in the transport infrastructures and services, resulting in changes in everyday mobility 
of the inhabitants in the region. 

In the research presented in this paper, first, from a macroscopic point of view, we analyzed 
the changes in the car ownership, aiming at obtaining implications in the changes in car 
dependency in the region. Following this, we analyzed the (re)construction of the road 
infrastructure in comparison to the rail infrastructure to understand the different rapidity of the 
reconstruction. 

2. Analysis of the car ownership 

2.1 Indicators 

2.1.1 Quantification of tsunami and earthquake damages 

For a macroscopic analysis, it is necessary to quantify the extent of the earthquake and 
tsunami damages. In case of the 2011 Tohoku earthquake, the damage is mainly caused by 
tsunami, and it is characterized by clusters of a number of destroyed buildings spreading 
continuously in the tsunami-flooded areas (e.g. Miyagi Prefectural Government, 2015). The 
reconstruction works calling for larger changes in transport infrastructure and service as well 
as the settlements and urban areas is more likely in the area where the extent of damages is 
larger i.e. where the size of the cluster of destroyed buildings is larger. 

The statistics of the national government about the 2011 Toholu earthquake contains the 
statistics of destroyed buildings in each municipality, subdivided into residential building and 
other buildings. The statistics of residential buildings are further subdivided into five categories 
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depending on the extent of the damage: fully destroyed, half destroyed, partially broken, 
flooded over the floor, and flooded under the floor. The “fully destroyed” group is defined as 
“residential building fully collapsed, washed away, buried, burned, or destroyed to an extent 
that is not reparable”, while the “half destroyed” group is defined as “residential buildings 
largely destroyed but reparable” (Cabinet Office, 2013). The “partially broken” group is for 
buildings with a limited extent of physical damages. The latter two “flooded” groups had no 
physical damage to the building but the water flooded to the level above the ground floor or 
above the ground but below the ground floor – note that most of the Japanese houses have 
elevated ground floor with one to two steps at the entrance. As such, the statistics about “fully 
destroyed” residential buildings are able to service as an indicator of the earthquake and, 
more likely, tsunami damages calling for reconstruction works in a settlement or urban scale. 

The statistics for non-residential buildings do not distinguish the extent of the damages; 
however, the ratios of damaged non-residential buildings over residential buildings in the 
Tohoku Pacific coast regions are between 5.6% and 16%. The number of damaged residential 
buildings is much larger than that of non-residential buildings. Thus, we used the number of 
fully destroyed residential buildings (FDRB) per 1,000 inhabitants as an indicator for the extent 
of earthquake and tsunami damages. 

2.1.2 Quantification of car ownership 

One of potential indicators for car dependency – in terms of travel behaviour – is modal share 
(modal split); however, in the Tohoku Pacific coast region, no reliable travel survey has been 
carried out except for Sendai and its surroundings, an urban area with more than 1 million 
inhabitants. As an indicator calculable from reliable statistics, we selected the car ownership 
per 1000 inhabitants in each municipality. For the calculation, we included passenger cars and 
so-called “light automobiles”. In the Japanese vehicle legislation and statistics, a specific 
group of “light automobiles”, or kei-class vehicle, is defined for smaller four-wheeler vehicles 
meeting certain technical criteria. In the vehicle statistics, the category “light automobiles” 
includes both passenger cars (often 4 or 5 seats) and trucks (often 2 seats and loading 
platform on the rear side) in an undistinguishable manner. In our calculation, we included both 
types of “light automobiles” as both are used to fulfil everyday mobility, especially in rural 
areas including the Tohoku Pacific coast. Two-wheelers, trucks that do not fall in the “light 
automobiles”, vehicles used for transport services (e.g. taxis and buses) are not included in 
the calculation. Hereafter, passenger cars and “light automobiles” are collectively referred to 
as private cars, and “car ownership rate” refers to “private car ownership per 1000 
inhabitants”. 

2.2 Relationship between car-ownership and tsunami-earthquake 
damages 

2.2.1 Data 

In order to understand the trend, we calculated motorization rate (car ownership per 1000 
inhabitants) as of 2009 (before the disaster) and 2018 (seven years after the disaster) in each 
municipality in four prefectures located on the Tohoku Pacific coat: Aomori, Iwate, Miyagi and 
Fukushima from north to south. We however excluded eight municipalities in Prefecture 
Fukushima: Tomioka, Futaba, Okuma, Naraha, Namie, Kuzuo and Iidate, are excluded 
because the large extent of these seven municipalities are within the evacuation zone of the 
nuclear disaster and thus the “real” population and the statistics based on residence 
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registration are supposed not to match. In addition, Hirono, as well as Tomioka, are excluded 
because the number of fully destroyed residential buildings are unknown.  

As a result, 159 municipalities are included in our analysis. Table 1 shows an overview of 
earthquake and tsunami buildings, and Table 2 and Table 3 are summaries of population and 
car ownership respectively subdivided in the prefecture. While population decreases, the 
number of registered vehicles increases in all of the four prefectures.  

Table 1: Overview of prefectures and damages of 2011 Tohoku earthquake-tsunami 

Prefecture Municipalities 
included in the 

analysis 

Fatalities* Missing 
persons* 

Pop. in 
tsunami-
flooded 

area 

Damage to residential 
buildings* 

Total On 
Pacific 

Fully 
destroyed 

Partially 
destroyed 

Partially 
broken 

Aomori 40 6 3 1 15,838 308 701 1,005 
Iwate 33 12 5,086 1,145 107,503 18,460 6,563 14,191 

Miyagi 35 14 10,449 1,299 331,902 82,889 155,099 222,781 
Fukushima 51 4 3,057 226 71,292 21,190 73,021 166,758 

*as of 1 September 2011, based on the data from national Fire and Disaster Management Agency. Figure with * includes the 
ones from municipalities we excluded from our analysis. 

Table 2: Population 

Prefecture Population 
All municipalities in analysis Municipalities on Pacific 
2009 2018 Change 2009 2018 Change 

Aomori 1,417,278 1,303,668 -8.0% 345,045 326,803 -5.3% 
Iwate 1,355,205 1,257,779 -7.2% 286,126 245,348 -14.3% 

Miyagi 2,330,898 2,291,981 -1.7% ,678,706 1,671,224 -0.4% 

Fukushima 1,985,852 1,839,934 -7.3% 470,894 429,132 -8.9% 
Total 7,089,233 6,693,362 -5.6% 2,780,771 2,672,507 -3.9% 

 
Table 3: Registered Cars 

Prefecture Registered Cars 
All municipalities in analysis Municipalities on Pacific 
2009 2018 Change 2009 2018 Change 

Aomori 846,350 879,796 4.0% 211,144 225,877 7.0% 
Iwate 855,706 903,236 5.6% 168,634 175,330 4.0% 

Miyagi 1,369,986 1,489,417 8.7% 919,100 1,010,707 10.0% 
Fukushima 1,319,488 1,423,838 7.9% 312,486 337,879 8.1% 

Total 4,391,530 4,696,287 6.9% 1,611,364 1,749,793 8.6% 

Table 4 shows the descriptive statistics about car ownership rate. As seen by the maximum 
and minimum of the changes, in all municipalities, the car ownership rate increased during the 
analysis period. Among the 159 municipalities, only 13 saw an increase of population, while 
115 municipalities saw an increase of the number of registered private cars. At large, the 
population tends to decrease while the number of registered private cars increases. 
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Table 4: Descriptive statistics about car ownership 

Descriptive statistics Motorization rate [cars/1000 inh.] Changes of 
motorization rate 2009 2018 

Max 825 986 43.6% 

Min 505 551 6.21% 

Mean 659 764 16.1% 
Median 629 734 11.5% 

Standard Deviation 70.0 83.2 0.0494 

 

In the same period, the car ownership rate of entire Japan was 543 in 2009 and 576 in 2018, 
with approximately 6% increase. The four prefectures on the Tohoku Pacific coast showed 
higher increase of the car ownership rate than the Japanese average. 

2.2.2 Analysis 

Figure 1 is a scatter plot of the extent of the earthquake-tsunami damages on the horizontal 
axis (fully destroyed residential buildings per 1000 inhabitants) and the change of the car 
ownership rate between 2009 and 2018 on the vertical axis. The figure shows that the higher 
the extent of the earthquake-tsunami damages is, the higher the increase of the car ownership 
rate is. This is particular in the municipalities in Miyagi and Fukushima: municipalities 
damaged in a very large extent with more than 50 fully destroyed residential buildings per 
1000 inhabitants shows this tendency clearly in the figure and 6 municipalities shows the 
increase of their motorization rates by more than 25%. On the contrary, among the 
municipalities with no or very limited earthquake-tsunami damages with less than 5 fully 
destroyed residential buildings per 1000 inhabitants, the increase is up to 20%. 

 

Figure 1: FDRB and motorization rate 

Correlation values are -0.089 for Aomori, 0.824 for Iwate, 0.864 for Miyagi, and 0.093 for 
Fukushima. The correlation value for the all-analysed municipalities is 0.65. As such, the 
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number of earthquake-tsunami destroyed residential buildings and the increase of 
motorization rate are correlated relatively strongly. 

In particular, strong correlations are observed in Iwate and Miyagi prefectures. In both of these 
two prefectures, more than 1/3 of the municipalities within them are on the Pacific coast (c.f. 
Table 1), and the extent of personal damages are much larger compared to the other 
prefectures. The Pacific coast of the northern Miyagi and the entire Iwate prefecture is 
characterized by the ria coast, where deeply indented coastlines and immediate land elevation 
at the coastline amplify tsunami leadings to much larger damages compared to straight and 
flat coastlines. The damage of the 2011 Tohoku earthquake in this area is ruinous and 
municipalities which needed complete reconstruction of its settlements, such as Onagawa, 
Minami-Sanriku, and Rikuzen-Takata are all located on this ria coast. In this area, relatively 
higher percentage of the inhabitants had to settle fist in the evacuation shelters, then in 
temporary container settlements and finally to settle back to the reconstructed (and sometimes 
relocated) settlements. A possible increase of the motorization rate due to the sudden 
decrease of the population due to the tsunami fatalities and necessities of many 
resettlements. 

On the contrary, Aomori and Fukushima do not show such strong correlation as seen in the 
other two prefectures. In these prefectures, the share of the municipalities on the Pacific coast 
is lower (c.f. Table 1). Aomori has relatively less damages of the disaster in comparison to the 
other three prefectures. In Fukushima, our analysis included only 4 of the 9 Pacific-coast 
municipalities for the aforementioned reasons on one hand, and it has a lot of mountainous 
municipalities which may experience the increase of motorization rates because of other 
reasons. 

2.3 Analysis with DID 

2.3.1 Model and data 

Based on the implications obtained from the first-step analysis presented in the previous 
sections, we carried out an analysis using the difference in difference approach. Using the 
same statistical dataset, we constructed a panel data over 10 years between 2009 and 2018 
focusing on the Pacific-coast municipalities. We set the municipalities with 50 or more FDRB 
per 1000 in habitants as the treatment group, and the rest are set as the control group. 
However, the three municipalities in the analysis area, namely Hachinohe (Aomori), Sendai 
(Miyagi) and Iwaki (Fukushima) are excluded as they have much larger inhabitants compared 
to the other municipalities. Hirono and Tomioka (both Fukushima) are excluded as the 
numbers of FDRB are unknown (c.f. Section 0). The full list of the municipalities used in our 
DID is given in Table 5. 

Table 5: Municipalities included in the analysis 

Prefecture Municipalities included in the analysis 
With 50 or more FDRB / 1000 inh. With less than 50 FDRB/1000 inh. 

Aomori (none) Misawa, Oirase, Rokkasho, Higashi-Dori, 
Hashikami 

Iwate Kamaishi, Ofunato, Rikuzen-Takata, 
Otsuchi, Tanohata, Yamada, Noda 

Miyako, Kuji, Iwaizumi, Fudai, Hirono 

Miyagi Ishinomaki, Kesennuma, Higashi-
Matsushima, Yamamoto, Watari, Onagawa, 
Minami-Sanriku 

Shiogama, Natori, Iwanuma, Tagajo, 
Matsushima, Rifu, Shichigahama 

Fukushima Minami-Soma, Shinchi Soma, Naraha, Okuma, Futaba, Namie 
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The model is in the equation below, 

 

where C is the number of cars and P is the population in each municipality. AFTER is a 
dummy variable for the year with possible influences of the 2011 Earthquake (thus 1 for after 
2012), and TREAT is the dummy variable for the municipalities with 50 or more FDRB. DID is 
a dummy variable with 1 for the case of 50 or more FDRB after the disaster (thus where 
AFTER x TREAT = 1). The indices i and t ices stand for municipalities and years respectively. 

The data is constructed based on the national statistics of the residential registrations for the 
population as of 31st March until 2013 and 1st January 2014 – there was a change in the 
statistical base date in 2014 – and automobile registration data is as of 31st March for all y 
ears within the period. Of note, the data from 2011 is merely 20 days after the disaster, when 
the entire situation in the region is chaotic, and therefore the statistics is supposed not to be 
up-to-date then: rather, it is supposed to be closer to the situation right before the disaster 
occurring on 11 March in that year. Table 6 is the descriptive statistics of the dataset.  

Table 6: Descriptive statistics of the dataset 

 Mean Standard 
Deviation 

Min Max 

Registered cars 10456.7 10243.7  767 56592 
Registered light automobiles 9907.3 9379.4 898 54443 
Population 30549.2 28518.2 2752 165099 

 

2.3.2 Analysis results 

The analysis is made separately for the passenger car and the “light automobile”. Table 7 is 
the summary of the results using random effect models based on the Hausman test.  

Table 7: Modelling Results 

Objective Passenger cars Light automobiles 
Explanatory Variables Coefficient SD z-value 

 
Coefficient SD z-value 

 

Constant -1.536 0.241 -6.369 *** -0.534 0.260 -2.050 * 

Population (log) 1.045 0.024 43.544 *** 0.930 0.026 35.858 *** 
AFTER -0.033 0.017 -1.976 * 0.052 0.014 3.610 *** 

TREAT -0.098 0.048 -2.027 * 0.102 0.051 1.988 * 
DID 0.128 0.026 4.941 *** 0.140 0.022 6.348 *** 

Adj. R2 0.826 0.769 

N 380 380 
Cross-section 38 38 

Duration 2009-2018 2009-2018 

 
Hausman Test 

χ2 p-value χ2 p-value 

1.435 0.488 0.298 0.862 

         Significance levels are *: 0.05, **: 0.01 and ***: 0.001. 
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In the both analyses, all variables are statistically significant with 5%. DID shows positive 
values with significance: this means that, in the Pacific-coast municipalities with 50 or more 
FDRB, the number of registered cars increased significantly. In other words, where the 
earthquake-tsunami damage is large on the Tohoku Pacific coast, the increase of the car 
ownership is implied to be larger after the 2011 Tohoku earthquake compared to the other 
regions. 

In addition, the dummy variables AFTER and TREAT are positive for the light automobile 
while negative for the passenger cars. These imply that there is a general trend of shift 
towards light automobiles and the number of registered light automobiles is higher in the area 
where the extent of earthquake-tsunami damage is large while the number of registered 
passenger cars is smaller compared to the other regions. 

3. Transport infrastructure 

3.1 Infrastructure for regional and long-distance transport network 
In this section, we analysed the changes of car ownership in the Pacific coast of Tohoku 
where earthquake-tsunami damages concentrate. In this section, we focus on another aspect 
related to motorization, road infrastructures. The data availability about road infrastructure is 
limited compared to the motorization rate as explained later. First, we review the 
reconstruction and expressway, which is typically used for regional and long-distance travel 
beyond municipal borders in comparison to regional railways. Following this, we compare the 
density of local (municipal) roads, which are used more for everyday travels. 

3.1.1 Characteristics of transport network in the region 

The expressway makes an extensive network in entire Japan, while the ones going through 
the municipalities on the Tohoku Pacific coast is limited, and thus statistical analysis is not 
expected to deliver meaningful results. As an alternative approach, we compare the 
reconstruction and extension of expressways along the Tohoku Pacific coast and the 
reconstruction of corresponding regional railways. About 14,000 km of expressway is planned 
for the entire country in the 4th national development plan in 1987, while the conventional 
railway has a network of about 20,000 km. Both have similar characteristics in terms of the 
network size and its travel speed. (Shibayama, 2017)  

Along the Tohoku Pacific coast south of Sendai, Joban Expressway is the main expressway 
along the coast and it is classified among so-called A-Routes, which is assigned for mainline 
expressways. As for the railway, Joban Line is a part of the national mainline network. 

On the contrary, along the coast north of Sendai, the main expressways along the coast are, 
from south to north, Sanriku Expressway (so-called B-Routes, secondary expressways), 
Sanriku-Kita Jukan Road (so-called “regional road with high standard”) and Hachinohe-Kuji 
Motorway (B-Route). Despite different road categorizations in the three parts, these forms a 
single expressway route, often referred to as Sanriku Coastal Expressway. Among the full 
stretch of 359km, the construction including its prior formalities for the 148km stretch was 
launched after the 2011 Toholu earthquake and tsunami. As for the railway in the same 
segment, there are several railway lines that collectively forms a coastal route, subdivided into 
eight different lines. Except for the first 50km between Sendai and Ishinomaki, all are 
classified as rural-area lines. 
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As such, the characteristics of the main expressway and railway routs north and south of 
Sendai are fairly different. The ones in the south of Sendai are parts of national mainline 
routes falling not only in the regional interest but also in the national interest, while the ones in 
the north of Sendai are regional or local routes falling only in the regional interest at most. 
Additionally, the area where the high number of FDRB is observed in Miyagi and Iwate 
concentrates in the coastal area north of Sendai. Therefore, in the next subsection, we 
compare the expressway and railway in this area of the Tohoku Pacific coast. 

3.1.2 Reconstruction and extension of the motorway 

Main roads are quickly cleared and repaired soon after the occurrence of the disaster on 11 
March, and within three weeks by 1 April 2011, all then existing expressways were open to the 
traffic except for the sections in the evacuation zone of the nuclear disaster. 

In June 2011, the national panel for the Tohoku earthquake recovery recommended the full 
construction of “urgent construction of Pacific-coast transport infrastructure such as Sanriku 
Coastal Expressway” (Fukko-Kousou-Kaigi, 2011). In their document, the purpose of this 
quick decision is justified as a guidance to the planning works in the damaged area, which 
would start soon. As of March 2011, only 129 km out of the full 359km were in service, while 
after this national panel recommendation, formal procedures for the remaining sections were 
launched within 2011. Together with the segments which were already under construction or 
under formal planning procedures, by the end of 2021, the full stretch of 359km is expected to 
be put into service. 

Indeed, among reconstructed or relocated settlements and urban areas in Iwate and Miyagi 
prefectures, more than 90% and 60% respectively are made within 5km from the interchanges 
of Sanriku Coastal Expressway (MLIT, 2019). With a few exceptions in Miyagi where the SCE 
goes through inland area, the reconstruction and relocation of settlements and urban areas 
were made with good access to the expressway. As such, reconstruction and relocation were 
aligned with the partially existing and partially newly constructed SCE. 

3.1.3 Railway 

Unlike expressways, it took about two months until the first relaunch of railway services after 
the disaster, and until then, only the ones except for the “railway lines which is difficult to 
rebuilt due to extensive damages and so on” were put back into the service. Until April 2012, 
one year after the disaster, out of the eight lines north of Sendai, only three lines, all near 
Sendai and Ishinomaki, were partially put back into service, with some severely damaged 
sections of these lines remaining closed. (Commitee for Factbook of Railway Reconstruction 
in Tohoku Region, 2014) 

In the meantime, the aforementioned national panel recommended to “reconstruct railway 
lines where the existing infrastructures can be reused”. At the same time, it recommended that 
“where the extent of damage is tremendous, railway lines must be reconstructed in an 
integrated manner with the reconstruction of settlements, including adjustment of routes form 
existing ones”. (Fukko-Kousou-Kaigi, 2011) 

In order to facilitate information exchange and liaison, Reconstruction Liaison Panel were set 
up with the operator, prefecture(s), the national government’s relevant regional agencies and 
so on. Following the recommendation, decisions for three lines with limited extents of 
damages were made early to reconstruct at the same place. Two lines had clear prospects 
including adjustment of routes as of April 2012, and these were put back into service by the 
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middle of 2015. The remaining three lines had no prospect for reconstruction as of 2012. 
Among them, two of them were replaced with regional bus service partially using exclusive 
roads converted from the former railway track by March 2013, and marked as Bus Rapid 
Transit (JR East, 2014). Formally the railway service was closed in 2020. One line needed 
until 2014 to make an agreement to transfer to local governmental operators, and it was not 
relaunched until March 2019. 

During the closure, railway replacement buses were organized, while it has “problems of 
punctuality and travel speed compared to the railway prior to the disaster. Therefore, in the 
region, severe problems such as ‘impossibility to commute to the workplace’ and ‘limitation of 
school choice for high-school students’ continuously existed” as described in a governmental 
report. As such, the railway’s characteristics of punctuality and travel speed as the primary 
regional public transport was long lost in the region. 

3.2 Local road densities 

3.2.1 Data 

Following the discussion about regional and long-distance transport infrastructure and service, 
in this section, we analyse the changes of the local road infrastructure before and after the 
2011 earthquake and tsunami. In order to understand the overall trend, we compare the data 
about municipal load length. 

In the Japanese legislative system, roads are subdivided into two groups: ones governed 
under the Road Act, namely expressways, national highways, prefectural roads and municipal 
roads, and other roads such as farm and forestry roads. Roads governed under the Road Act 
are the most relevant to everyday mobility in a macro-scale, and among them 84.1% are 
municipal roads (Japan Road Association, 2014). To simplify the analysis, we focused on the 
municipal roads in this section. 

First, of 68 municipalities in Iwate and Miyagi, we searched statistical documents containing 
municipal road length. These documents are made differently from municipality to 
municipality: we screened them so that the length of paved and unpaved municipal roads can 
be distinguished. The status of statistics is different, too: some municipalities publish annual 
data, while others publish the data only in some years. The data before the earthquake may 
have been lost due to the tsunami damage to the governmental archives. Considering these 
aspects, we compiled the newest one between 2008 and 2010 as the municipal road length 
before the 2011 earthquake, and the newest one between 2016 and 2019 as after the 
earthquake. In this way, 22 municipalities’ data was compiled. 

For the comparison, we combined the data from national statistics and calculated the road 
density per inhabitable surface. This calculation of the density also considers the road length 
in the outside of the inhabitable surface: for the purpose of our analysis, this is not expected to 
affect the analysis as the reconstruction work after the earthquake-tsunami disaster take 
places within the inhabitable surface. The change between before and after the earthquake is 
calculated per year, with linearity assumed. 

3.2.2 Results 

Figure 2 is a scatter plot of the number of FDRB per 1000 inhabitants on the horizontal axis 
and the road density data on the vertical axis. The correlation factor is 0.59, and relatively 
strong correlation is observed between the extent of earthquake-tsunami damage and 
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increase of the road density. The correlation factors among the 14 municipalities on the Pacific 
coast is 0.66.  

There is one outliner without much FDRB but large extension of road: this municipality has a 
“jump” between 2010 and 2011 in the road length statistics and there seems a problem in its 
statistics. Two other points for Sendai and another town nearby shows relatively high level of 
increase in the road density while the number of FDRB per 1000 in habitants is relatively low. 
Sendai has a large number of populations over 1 million, and the other town’s residential area 
is mainly on hills while both are on the Pacific coast. These may lead to relatively low number 
of FDRB per 1000 in habitants compared to other municipalities on the coast. Considering 
these aspects, we calculated the correlation factor among 12 municipalities on the coast and 
obtained 0.81. As such, among the municipalities on the Pacific coast, strong correlation is 
observed between the extent of earthquake-tsunami damage and increase of the road 
density. 

4. Urban and settlement structure 
The research presented in the previous two sections focus on the car ownership and the road 
length: these are indicators about a tool to be mobile to fulfil travel needs and the 
infrastructure to use the tool. It only shows, however, the extent of the availability of cars and 
its changes, and does not directly show the needs to use cars. In this section, as a first step to 
understand the spatial change between before and after the 2011 earthquake, we carried out 
a small analysis using GIS (Geographic Information System). 

4.1 Data 
In order to understand the changes of the settlement structure before and after the 
earthquake, we made a first attempt to compare the changes of population within a certain 
range from common public facilities. We initially intended to use the Open Street Map (OSM) 
data to make the dataset as they are supposed to contain any kind of facilities both public and 
private ones. The data covering the region from the time before the 2011 earthquake and 
tsunami is, however, not available in OSM to the best of our knowledge. On the contrary, the 
digitized dataset from the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) 
contains a point-cloud dataset for public facilities, such as government offices, police and 
firefighter stations, schools, healthcare facilities and post offices, and some data covers the 
time before and after 2011. 

After the analysis of data years, the point-clouds of post office and schools turned out to be 
usable for the before-after comparison over the year 2011 in relation to our research. We 
opted to focus on the location of junior high schools (JHS, school for 7th to 9th grade) to 
understand a macroscopic trend in a larger scale. Obviously JHS is not a typical destination to 
travel by cars, while it is one of de jour public facilities that must be placed by each 
municipality and therefore the access from settlements must be well considered. In the MLIT 
dataset, the locations of JHS in 2006 and 2013 are compiled. 

Using GIS software, we calculated the percentage of total population within 4km from the 
school in each municipality in the four prefectures of Aomori, Iwate, Miyagi and Fukushima. 
Beside the aforementioned point-cloud dataset form MLIT, we used the 500m x 500m mesh 
data for the population from MLIT, too: for the “before” calculation, we used 2010 data based 
on the census, and for the “after” calculation, we used 2015 census data. The buffer of 4km 
beeline is set as it is a distance of 15 to 20km by bicycle, which is a typical mean of transport 
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in rural areas. In the Japanese legal system, municipalities must provide school bus for those 
who have to travel for 6km or longer in case of JHS. Therefore, 4km beeline is considered as 
an approximation to this 6km threshold along the actual travel routes.  

4.2 Results 
Figure 2 shows a scatter plot of the percentages of population within 4km from JHS in the four 
prefectures. Where the number of JHS decreased i.e. where several schools are merged into 
one, the percentage decrease because of the merger, and thus they are plotted separately: 
with a few exceptions near the diagonal line, many of them are far below from the line. Where 
the number of JHS did not decrease, the plotted points do not go away from the diagonal line 
showing no change. Figure 3 is the plot against the number of FDRB. Despite some 
exceptions, at large, there is no clear relationship to be observed. 

 

Figure 2: Population within 4km from JHS 

Of note, the comparison of the JHS location datasets is between 2006 and 2013, and 
therefore any changes in this time including the time before the earthquake is also reflected. It 
has to be also noted that the 2013 data of JHS locations does not fully reflect the changes 
after the 2011 earthquake and tsunami as the year is still in the early phase of the 
reconstruction phase.  
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Figure 3: FDRB per 1000 inhabitants and changes of population within 4km from JHS 

Despite these caveats, this result implies that, on a large scale of 4km radius from JHS, one of 
typical municipal facilities, the share of population within this buffer and in the outside of it 
does not change before and after the 2011 earthquake. This just implies the indifference of 
relatively large area of approximately 50km2 (i.e. a circle of 4km radius) and thus does not 
lead to any conclusion about the change of microscopic spatial structure. At least, in a wide-
area point of view, or in other words through bird's-eye analysis, the location of residential 
areas did not change largely before and after the earthquake.   

5. Discussions and conclusions 
Synthesizing the above-presented analysis, the research presented in this paper implies the 
following points. First, in the affected area of the 2011 earthquake-tsunami disaster, 
particularly in Miyagi and Iwate, motorization rate has increased after the disaster and the 
extent of increase tend to be proportional to the extent of the disaster damages. In this area, 
the share of “light automobiles” was higher even before the 2011 disaster, but further shift 
towards the “light automobiles” took place. 

Second, as for the regional and long-distance transport infrastructure, extension of then 
unfinished motorway was urgently done to serve as a guidance for reconstruction of urban 
ares and settlements. On the contrary, reconstruction of railway, which serves as the core of 
the public transport network, took an approach to follow the reconstruction of urban areas and 
settlements. As such, the road played important roles for settlement and urban planning 
during the reconstruction process in the affected area, and indeed the road density tends to 
increase along with the extent of the disaster damages. 

Third, although the research has to be made more comprehensively in the future related to 
this part, form the bird’s-eye perspective presented in Section 4, the settlement structures in 
the affected area did not become much disperse beyond the distance to be walked or cycled. 
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Despite several caveats associated to this part of the implications as discussed in the previous 
section, the overall results imply that, in the affected area, although there is no strong sprawls 
of settlements and urban structures in a large scale observed, the car dependency increased 
much compared to the time before the disaster.  

In the affected areas, many people had to live in temporary container houses, which were 
sometimes built in a place far from their original housing locations due to availability of places, 
and transport infrastructure within and to such areas is not necessarily planned for residential 
purposes. Some of such container houses were located in a large unused industrial plots or 
farmlands, without proper transport infrastructure other than roads provided. Although there 
were some public transport services provided for some large temporary settlements, public 
transport services for such container house settlements were often non-existent. In such 
circumstances, automobiles remain as an only motorized mode that fulfil the everyday mobility 
needs. This is also consistent with the analysis result that the share of light automobiles, 
which is relatively cheaper both in terms of initial and annual costs, increased in the severely 
affected area. As inhabitants are used to private vehicles more than before the disaster, and 
reconstruction of public transport delayed, even after another relocation to the rebuilt 
permanent housing, which is not necessarily located at the same place as before, the 
potential of continuously relying on cars more in a permanent manner is deemed to be high. 

Yet the reconstructed area does not seem to have had a sudden change of urban density 
towards low-density settlements in a large scale. As the detailed analysis is still in lack, it is 
too early to conclude this respect definitely, while several future research perspectives can be 
derived. First, changes in the urban structure in a microscopic scale, as well as changes in 
people’s mobility within the settlement after the 2011 earthquake and tsunami are largely 
unknown. Further in-depth analysis about spatial changes remains one of our future 
challenges. A potential lack of data especially before the 2011 may affect, especially about 
geolocation data of public facilities. This could probably be done as series of case studies 
focusing on different municipalities. Second, the change of travel behaviour is another 
potential area of research for us. This must rely on questionnaire-based approach and, in 
particular, on questions about the time before the earthquake-tsunami disaster. In a long-term, 
we intend to address these issues to understand what occurred more closely, and eventually 
to build knowledge on optimization of disaster recovery to avoid such sudden increase of car 
dependency.  

List of abbreviations 

DID: Difference in Difference 

FDRB: fully destroyed residential buildings 

GIS: Geographic Information System 

JHS: Junior-high school 

MLIT: Ministry of Land, Infrastructure, Transport and Tourism 

OSM: OpenStreetMap 

SCE: Sanriku Coastal Expressway 
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