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Abstract

The Tohoku Earthquake of March 11, 2011, and the consequent tsunami caused severe damage
throughout the northeastern coast of Japan. The transport network in the Tohoku region was
severely damaged by this disaster. A huge earthquake and tsunami are predicted to occur in the
Nankai Trough in the future. Furthermore, the three prefectures (Fukushima, Miyagi, and Iwate
prefectures) on the Pacific side of the Tohoku region, are relatively similar to the three
prefectures (Shizuoka, Aichi, and Mie prefectures) in the Tokai region in terms of the
topographical environment. I think that the recovery of regional roads in the three prefectures
affected by the Tohoku Earthquake can be studied to help promote the rapid recovery of the
three prefectures in the Tokai region after the Nankai Trough earthquake that will almost
certainly occur in the future.

Concerning post-earthquake road recovery research, many research reports on the recovery
of motorways and general national roads after the 2011 Tohoku Earthquake are available.
However, few studies have examined the road recovery of prefectural and municipal roads that
play an important role in the daily lives of residents.

In previous related studies, the G-BOOK telematics data of the Toyota Motor Corporation
were used to survey road recovery after the Tohoku earthquake. The affected prefectures in the
Tohoku region were divided into several large areas, and the authors concluded that road
restoration varied between these areas. However, the road recovery in these large areas was
affected by the overbroad classification of road types and it was found that road restoration

speed differed between municipalities in the same area. Hence, I investigated municipalities in



Fukushima and Miyagi prefectures using cluster analysis to classify municipalities with similar

road recovery rates. Additionally, I visualized cluster analysis results on a map and observed

that road restoration in municipalities was related to the geographical location and topography.

In another one of my previous studies, the same cluster analysis was performed to analyze the

road recovery conditions in Iwate prefecture, which has a rias coast unlike the coastal conditions

of the other studied prefectures. The result showed that the road recovery conditions are similar

according to damage, recovery policy, the importance of the road, and population density.

However, these cluster analysis studies did not illustrate how cluster analysis selects the optimal

classification and did not validate the classification results after obtaining the cluster analysis

results regarding road restoration. Furthermore, studying the three prefectures together will help

identify regional commonalities, which will be important for regional resource deployment

after the disaster. Therefore, it is necessary to study three prefectures in the Tohoku region

following the Tohoku Earthquake to provide a reference for future road recovery in the Tokai

region in the event of a Nankai Trough earthquake.

In this study, I applied cluster analysis to examine the driving data in the Tohoku region to

classify the road recovery condition among municipalities in the first six months after the

disaster. The cluster analysis classifications were chosen according to the dendrogram and the

agglomeration coefficients. In addition, I utilized ANOVA to check the significance of the

differences between the clusters and selected five clusters. The results of this cluster analysis

can be successfully tested with discriminant functions. I visualized the five clusters’ results, and

then gained insights into road recovery characteristics through a geographic information system

(GIS). Furthermore, my analysis of objective data reflecting regional characteristics showed



that the road recovery conditions are similar from the viewpoints of topography, the importance

of the road, snow, population density, damage, and geographical location.

In order to simulate the recovery of local roads in the Tokai region (Shizuoka, Aichi, and Mie

prefectures), after the Nankai Trough earthquake, which is expected to occur in the near future,

I analyzed and quantified these six factors in each pattern of road recovery in the Tohoku region

and applied discriminant analysis to construct a road recovery prediction model. Firstly, I

collected twenty data points reflecting topography, the importance of the road, snow, population

density, damage, and geographical location to build a database of the Tohoku region. Secondly,

I used Pearson correlation analysis and multiple covariance analysis to screen and determine

the parameters. Thirdly, 1 applied discriminant analysis and adjusted the parameters to

determine which combinations of parameters produced the highest accuracy. The following

eight parameters were chosen for the model with 72.4% accuracy: percentage of terrain,

percentage of area above 100m elevation, percentage of area below 500m elevation, measured

seismicity, percentage of important roads (such as highways and national roads), percentage of

area at a distance from roads, minimum temperature, and employee density. Finally, I created

the eight parameters for a database of the Tokai region to predict municipal road recovery in

the Tokai region after the expected Nankai Trough earthquake and mapped the recovery on a

geographic information system. The predicted results for the Tokai region match the results of

the previous classification of the Tohoku region. In practice, however, most municipal roads

will be restored in Cluster 1, and they may not be restored simultaneously in the event of a

severe earthquake and a major tsunami. To address this issue, I need to improve my predictive

model. Concerning the examination of other influencing factors, the previous cluster analysis



of the Tohoku region as a whole has revealed that the characteristics of coastal and inland
municipalities within the same category are different. At the same time, to avoid an
overconcentration of a single cluster in the predicted results for the three Tokai prefectures, I
attempted to subdivide the predictive model into several more clusters. Furthermore, Stepwise
discriminant analysis can make the process of filter parameters simpler. Hence, I considered re-
clustering the three Tohoku prefectures separately based on coastal or inland and attempted to
use Stepwise discriminant analysis with the intention of simplifying the process and improving
accuracy. The results showed that the accuracy of the model improved from 72.4% to 80.0%
along the coast and 77.8% inland. In addition, the overall condition of the Tokai region was
better matched to the actual situation by increasing the number of clusters from the previous

four to six.
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Overview

This study is divided into 7 chapters.

Chapter 1 introduces the background and the purpose of the study. I investigated the
conditions of local road use from the Tohoku region after the 2011 Tohoku Earthquake to find
the shared characteristics of local road recovery, and to simulate the recovery of local roads in
the Tokai region (Shizuoka, Aichi, and Mie prefectures) after the predicted Nankai Trough
earthquake. The transport network in eastern Japan was severely damaged by the 2011 Tohoku
Earthquake. In the future, a huge earthquake and tsunami are predicted to occur in the Nankai
Trough. The three prefectures (Fukushima, Miyagi, and Iwate prefectures) on the Pacific side
of the Tohoku region are relatively similar to the three prefectures (Shizuoka, Aichi, and Mie
prefectures) in the Tokai region in terms of the topographical environment. I think that the
recovery of regional roads in the three prefectures affected by the Tohoku Earthquake can be
studied to help promote the rapid recovery of the three prefectures in the Tokai region after a
possible Nankai Trough earthquake in the future.

Chapter 2 reviews previous research related to the vehicle tracking map data to study road
recovery. It first describes the initial construction of a vehicle tracking map by Honda Company
to reflect actual road conditions after an earthquake. Then it is followed by analyses of a vehicle
tracking map for a six-month period after the 2011 Tohoku earthquake to investigate road
recovery in the wider region. This is followed by a description of the road recovery in Tohoku
municipalities on the coast using the same data source and cluster analysis. Previous studies

have left much to be desired in terms of methodology, for example the process of cluster
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analysis was not described in detail and the results were not adequately validated. Therefore, it

is necessary to study the municipalities of the Tohoku region using cluster analysis in detail.

Chapter 3 briefly describes the data and operating systems used in this study.

Chapter 4 is about how I used cluster analysis to investigate vehicle driving data in the

Tohoku region after the 2011 Tohoku earthquake. This chapter describes in detail how this study

derived five patterns of road recovery in the Tohoku region. I also explored the factors affecting

road recovery through GIS and then categorized my insights into six common characteristics

of road recovery patterns using objective data. In the Tohoku region, the road recovery

conditions were found to be similar depending on topography, the importance of the road, snow,

population density, damage, and geographical location.

Chapter 5 describes how I have used the data from the Tohoku region to predict road recovery

in the Tokai region, where a major Nankai Trough earthquake could occur. I used general

discriminant analysis to construct a road recovery prediction model. The predicted results for

the Tokai region matched the results of the previous classifications of the Tohoku region.

However, the cluster classification of the three Tokai prefectures resulted in an

overconcentration in Cluster 1, where recovery is the fastest. It is unlikely that most municipal

roads will be able to recover at the same time, suggesting that other parameters should be

considered in the forecasting of the three Tokai prefectures.

Chapter 6 describes how I re-clustered the coastal and inland areas and applied Stepwise

discriminant analysis to improve the accuracy of the prediction model. I found that

municipalities with high coastal breakwaters, which were not hit by the tsunami, suffered less

damage to their roads and recovered the fastest. In addition, a comparison of previous studies
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shows that it is the coastal clusters that were severely affected by the tsunami that recovered
most slowly, rather than the inland heavy snowfall areas, which was more in line with reality.
The predicted results of the Tokai region were better matched to the actual condition by
increasing the number of clusters from the previous four to six. In addition, the accuracy of the
model improved from 72.4% to 80.0% along the coast and 77.8% inland.

Chapter 7 summarizes the whole paper and what to expect in the future.
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Chapter 1

Introduction

The Tohoku earthquake of March 11, 2011, and the tsunami triggered by it had devastating
effects throughout the northeastern coast of Japan [1]. The transport network in eastern Japan
was severely damaged by this disaster. In the Tohoku region, the main roads and railways
ceased to function for a long period of time, and the lives of the people in these areas drastically
altered.

From the day after the disaster, the Ministry of Land, Infrastructure, Transport and Tourism
(MLIT) performed road clearance (Operation “Teeth of a Comb”, Fig. 1) [2] to open up as many
routes as possible for vehicles to pass. This operation involved road clearance to secure rescue
and relief routes on many national highways, extending from inland areas toward the Pacific
coastal area of Tohoku. The main routes in the Tohoku region were restored in the first week
after the serious earthquake at a speed that surprised the whole world. Studying road recovery
in the Tohoku region will provide a reference for road recovery in the event of future
carthquakes and tsunamis in other areas.

A large earthquake and tsunami are predicted to occur in the Nankai Trough in Japan by 2050
with a probability of 70%—80% [3]. This disaster is predicted to cause significant damage, and
hence, it is essential that measures be taken in advance. The three prefectures (Fukushima,
Miyagi, and Iwate prefectures) on the Pacific side of the Tohoku region are relatively similar

to the three prefectures (Shizuoka, Aichi, and Mie prefectures) in the Tokai region in terms of
1



their topographical environments (rias coast, sandy coast, plain and mountainous area, etc.).
Hence, I think that knowledge of the recovery of regional roads in the three prefectures affected
by the Tohoku earthquake can be used to help promote the rapid recovery of the three

prefectures in the Tokai region in the event of a large Nankai Trough earthquake in the future.
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Fig. 1 The routes of “road clearance” (Operation “Teeth of a Comb”).

Concerning post-earthquake road recovery research, many research reports on the recovery

of motorways and general national roads after the 2011 Tohoku earthquake are available [4],
2



[5]. However, few studies have examined the road recovery of prefectural and municipal roads

that play an important role in the daily lives of residents. In addition, although some studies

predict the damage of roads and propose priority orders of road restoration for the expected

Nankai Trough earthquake [6], [7], [8], limited works exist that predict the recovery of road use

in the region. In this study, I focused on the local road network, which is one of the most

important factors in rescuing victims and supplying them with daily commodities, and surveyed

the situation of roads accessible to motor vehicles in the first six months after the disaster and

their recovery process in the municipalities of the Tohoku region. The purpose of this study was

to investigate the conditions of local road use from objective data, to find the shared

characteristics of local road recovery, and to simulate the recovery of local roads in the Tokai

region (Shizuoka, Aichi, and Mie prefectures) after the Nankai Trough earthquake, which is

predicted to occur in the near future. To this end, I proposed the following framework (Fig. 2).

Firstly, the vehicular driving data were processed to derive the recovery conditions of each

municipality at each time period in the first six months after the earthquake. Secondly, cluster

analysis and discriminant analysis were used to identify clusters with similar road recovery

rates. Thirdly, the clusters were observed on a map using GIS to detect their common

characteristics and verify them with objective data. Finally, a prediction model was constructed

by a database for road recovery and regional characteristics in the Tohoku region and

discriminant analysis to predict road recovery in the Tokai region.
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Chapter 2

Related Works

In the event of a disaster, the collection and consolidation of road information is a time-consuming
process for various emergency, rescue, and recovery operations. Therefore, a vehicle tracking map was
built by Honda Motor Company, Ltd., Japan to quickly determine the road conditions after the 2007
Niigata-ken Chuetsu-oki earthquake [9]. This system can be used to obtain reference information to
support evacuation and rescue operations in disaster areas based on actual vehicular traffic data,
showing the traffic routes that are accessible after a major earthquake. After the Tohoku earthquake, on
19 March, ITS (Intelligent Transport Systems) Japan began to integrate probe-car telematics data from
private automakers (e.g., Honda, Toyota) to provide information on traffic records and road closures in
the affected areas [10].

In the field of post-earthquake road recovery research, there are many research reports on the
recovery of motorways and general national roads after the 2011 Tohoku Earthquake [11], [12].
However, there are few reports on municipal road recovery related to the daily lives of residents. In
previous related studies [13], [14], [15], [16], [17], [18], the G-BOOK telematics data of the Toyota
Motor Corporation were used to survey road recovery after the Tohoku earthquake. The affected
prefectures in the Tohoku region were divided into several large areas, and the authors concluded that
road restoration varied between these areas. In two of my previous studies [19], [20], the same vehicular
driving data from the Toyota Motor Corporation in the Fukushima prefecture (Fig. 3) were divided into
seven regions (Fig. 4), and it was found that in the six months following the 2011 Tohoku earthquake,
the speed of road use recovery in inland areas was slower than that in coastal areas. I concluded that the
recovery of roads was much slower in areas that were narrow, steep-walled, and mountainous. In

addition, studies [19], [20], compared regions in different prefectures, coastal and inland, that reached



90% recovery rates. These areas had similar recovery dates, which illustrate similar rates of recovery
between regions.

However, the recovery in these seven regions was affected by local consensus [21], which I believe
was caused by broad classification, road restoration speed differs between municipalities in the same
region. Moreover, the similarity of road restoration between regions should not be seen in terms of
similarity at one time alone, but should instead be considered in terms of the similarity of the entire
restoration process. Hence, I investigated municipalities in Fukushima prefecture using cluster analysis
to classify municipalities into seven clusters (Fig. 5) with similar road recovery rates [22]. Additionally,
I visualized cluster analysis results on a map and observed that road restoration in municipalities was
related to the geographical location and topography (Fig. 6). The study concluded with the same cluster
analysis method used in Miyagi prefecture (Fig. 7) and was visualized on a map to draw conclusions

related to the topography.
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Fig. 3 Municipalities of Fukushima Prefecture. There’re 59 municipalities in Fukushima Prefecture.



Minami-aizu

Fig. 4 Fukushima Prefecture divided into seven regions, i.e., Soso, Iwaki, Kenhoku, Kenchu, Kennan,
Aizu, and Minami-aizu regions.
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Fig. 5 Municipalities with similar road recoveries were divided into seven clusters. The five
municipalities were in the no-go zone due to the Fukushima Daiichi nuclear power plant accident.
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Fig. 6 Topographical map of Fukushima prefecture.

Fig. 7 Each municipality in Miyagi Prefecture belongs to a cluster. Municipalities with similar road
recoveries were divided into seven clusters in Miyagi Prefecture.



In another one of my previous studies [23], the same cluster analysis was performed to analyze the
road recovery conditions in Iwate prefecture, which has a rias coast unlike the coastal conditions of the
other studied prefectures. Since the existing 33 municipalities in Iwate prefecture (Fig. 8) are relatively
large in area, | have chosen to study the 59 municipal boundaries of Iwate prefecture (Fig. 9) in 1999 in
order to avoid the inaccurate results that would have resulted from previous analyses by concentrating
on one large classification. The results of this study are divided into five clusters to show that the road
recovery conditions are similar according to damage, recovery policy, the importance of the road, and
population density.

The visual results of my previous studies, as shown on the map, showed that similar road recovery
areas in the two studies [22], [23] have different influencing factors; however, I think that road recovery
after earthquakes can be expected to differ based on regional characteristics, which can be verified by
objective data. In a related study [24], | analyzed road recovery in the Fukushima prefecture regarding
not only the geographical location and topography but also the population density. In addition, I divided
each cluster into four zones (Fig. 10) and used road closure information to verify the results of the road
use recovery. With one exception, the order of these zones in terms of road use recovery was the same
as that of road closures being lifted. The cluster analysis results of road recovery in the Tohoku region
have not yet been fully validated. Moreover, the visualization on a map has not been tested with
objective data to draw conclusions related to geographical location, topography, and population density.
I wanted to explore other factors, besides these three, that influence road restoration. The most important
and essential thing is that the three previous studies [22], [23], [24] did not illustrate how cluster analysis
selects the optimal classification. I hope to analyze the methodology in detail in this study. Furthermore,
studying the three prefectures together will help identify regional commonalities, which will be
important for regional resource deployment after the disaster. Therefore, it is necessary to study three
prefectures in the Tohoku region following the Tohoku earthquake to provide a reference for future road

recovery in the Tokai region in the event of a Nankai Trough earthquake.



Fig. 8 33 municipalities in Iwate Prefecture.

Fig. 9 59 municipalities in Iwate Prefecture.
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Fig. 10 Four zones of Fukushima. Fukushima Prefecture was divided into four zones based on the proximity
of the road recovery conditions and the location of the municipalities.
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Chapter 3

Materials and System

3.1 Vehicle Tracking Map

The vehicle tracking map (Fig. 11) was built from the G-BOOK telematics data from the Toyota Motor
Corporation, which has been available on the internet since 18 March 2011 following the 2011 Tohoku
earthquake [25]. Toyota is the largest car manufacturer in Japan, and its vehicle driving data reflect the
road conditions after the Tohoku earthquake. The data used in this study were collected in 152
municipalities in three prefectures (Fukushima, Miyagi, and Iwate prefectures) of the Tohoku region
(Fig. 12) between 18 March and 30 September 2011 (i.e., approximately six months following the 2011
Tohoku earthquake), excluding municipalities located in the no-go zone due to the accident at the

Fukushima Daiichi nu-clear power plant.

3.2 System

3.2.1. Hardware

The computations were performed on a standard PC laptop with a Core i17-10510U CPU (1.8 GHz) and

16 GB memory (ASUS Expert Book B9450FA: Taiwan).

3.2.2. Software

This study used QGIS version 2.18.20 [26], IBM SPSS Statistics 23 [27], and Microsoft Excel 2019

software running on the Windows 10 Professional operating system.

12
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Chapter 4
Study on Road Recovery Characteristic in the
Tohoku Region Following the 2011 Tohoku

Earthquake

4.1 Data Processing

1) The vehicle-tracking maps constructed from the G-BOOK telematics data were provided in the
Google Map KMZ format in a geographical coordinate system. For my analysis, I first converted
the KMZ files to SHP files in a rectangular coordinate system.

2) After merging daily data into weekly data and removing duplicate data, I calculated the exact
usable road distance available for a given week. In this context, a usable road is one on which at
least one vehicle was tracked during the observation period. The daily data were converted to
weekly data to smoothen the daily fluctuations in the traffic flows.

3) Next, I calculated the proportion of the cumulative distance up to the specified date. Note that the

cumulative distance up to September 30, 2011, was considered 100%.
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4.2 Cluster Confirmation

4.2.1 Specific Methods for Cluster Analysis

Cluster analysis is the task of clustering a set of objects such that all objects in a cluster are similar to
one another and at the same time are distinctly different from all objects outside of this cluster. It is a
major task of exploratory data analysis, in which observations are divided into meaningful groups whose
members share common characteristics. It is a common technique for statistical data analysis and is
used in many fields, including pattern recognition, image analysis, information retrieval, bioinformatics,
data compression, computer graphics, and machine learning [28].

Using this method, I decided to classify all municipalities in the Tohoku region using cluster analysis
to determine the common characteristics shared by municipalities with similar road recovery conditions.

There are various methods of cluster analysis, of which k-means clustering and hierarchical clustering
analysis are more commonly used. K-means clustering requires the number of clusters to be specified
in advance and is suitable for large data, while hierarchical clustering analysis determines the number
of clusters based on the output results and is suitable for small data types. As my analysis sample is only
152 municipalities with small data, I chose unsupervised hierarchical clustering analysis.

The basic logic of hierarchical clustering analysis is that each case (or variable) is first considered as
a class, then grouped into smaller classes based on the distance or similarity between the cases (or
variables), and then gradually grouped upwards based on the distance or similarity between the classes,
until all the cases are aggregated into one large class.

In the hierarchical cluster analysis, I employed Ward’s method [29], which is also the most commonly
used. As a procedure for grouping similar objects, Ward’s method aims to minimize the sum of squared
errors between two groups for all variables.

The squared Euclidean distance between each pair of observations is used to measure the similarity
between groups, with shorter distances indicating greater similarity. If there are n attribute variables
measuring the “distance” and the “distance” between No. j case and No. k case, the squared Euclidean

distance can be expressed by the Equation (1):

16



e = Yy (Xi; — X)) (1)

Using the cumulative data from Section 3.3, I obtained the percentage of road use recovery in each
municipality. Then, I introduced the percentages into SPSS Statistics software and used Ward’s method
with the squared Euclidean distance as the measurement interval in hierarchical cluster analysis to

produce a classification dendrogram (Fig. 13).

4.2.2 Clusters Selection

According to the results of the cluster analysis (Fig. 13), municipalities with similar road recoveries
were divided into two to nine clusters (Table 1). To test the validity of these clusters, I used the means
and analysis of variance (ANOVA) methods to test the differences between the clusters in terms of road
recovery. It is well-known that ANOVA is one of the most popular statistical methods to test the
differences between groups. If the differences are significant, the classification results can be considered
reliable.

First, I used the means method in the analysis function of SPSS to calculate the mean of each cluster
classification. An example of 5 cluster classifications is provided in Table 2.

Second, [ used the One-Way ANOVA of SPSS to examine the significance of the differences between
eight classification results. For example, in the case of five clusters (Table 3), the difference between
groups in each recovery period was less than 0.05. The significance of the differences between groups
for eight classifications is summarized in Table 4, refer to the Appendix for details.

The column of significance shows that all the indicators are significant, except for one, which is greater
than 0.05, in 9, 4, and 2 clusters (Table 4). This table indicates that this classification is relatively valid.
No significant differences in this indicator were seen in August. As the date of 100% recovery in the
data is set as September 30, the differences between regions become less consequential as the road

recovery is prolonged. Nevertheless, compared to 9, 4, and 2 clusters, more significant differences are
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seen in the case of eight, seven, six, five, and three clusters. Further, according to the agglomeration
coefficient line shown in Fig. 14, there is a large drop in the aggregation coefficient between one and
four clusters, and then, the coefficient starts to plateau at four to five clusters. When there are 4 or 5
clusters, the distance between the clusters becomes manageable; hence, the most useful number of
classifications can be set as four or five clusters. Between these, the most statistically significant

information can be obtained using 5 clusters. Therefore, five clusters were chosen in this study.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

5 10 15 20 25
1 | 1 |

L T T NNTT

|

Fig. 13 Classification dendrogram.
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Table 1 Number of municipalities in 2-9 clusters after cluster analysis.

Cluster | 9 clusters 8 clusters 7 clusters 6 clusters 5 clusters 4 clusters 3 clusters 2 clusters
1 36 36 36 62 62 62 62 124
2 33 33 33 33 33 62 62 28
3 26 26 26 25 25 25 28
4 10 25 25 29 29 3
5 24 24 29 2 3
6 15 5 2 1
7 5 2 1
8 2 1
9 1
Total 152 152 152 152 152 152 152 152
Table 2 Mean of the clusters when divided into 5 clusters.
Cluster N Mar-3w  Mar-4w  Apr-lw  Apr-2w  Apr-3w  Apr-4w May Jun July Aug Sep
1 62 Mean 63.81 82.40 88.53 92.15 94.40 95.99 97.03 98.07 98.76 9938 100.00
S.td'. 10.36 5.67 4.26 337 271 243 217 1.66 1.53 1.10 0.00
Deviation
2 33 Mean 53.93 68.20 7541 79.82 83.41 87.54 91.17 9417 9646 98.06 100.00
S.td', 7.51 5.09 525 4.78 4.97 4.99 4.24 4.14 377 299 0.00
Deviation
3 25 Mean 30.66 49.33 60.92 65.85 7223 78.38 8722 9256 9513 9873 100.00
SFd', 13.26 71.76 8.94 8.83 7.87 8.68 7.50 6.16 6.44 1.27 0.00
Deviation
4 29 Mean 34.44 68.80 81.88 87.71 90.18 92.02 95.11 9745 9856 9921  100.00
S.td'. 12.86 10.80 7.25 4.03 3.70 3.75 3.19 2.20 1.56 0.99 0.00
Deviation
5 3 Mean 1.42 5.78 2922 32.81 39.10 49.96 68.01 9554 9796 9829 100.00
S.td'. 246 6.60 30.39 30.63 34.30 17.42 8.88 52 3.54 2.96 0.00
Deviation
Mean 49.38 69.77 78.70 83.13 86.47 89.59 9321 9615 97.61 9893 100.00
Total 152 Std
yoe 18.72 16.34 13.89 13.30 12.04 9.86 6.61 4.11 3.63 1.79 0.00
Deviation
Table 3 Analysis of variance (ANOVA) of 5 clusters.
Sum of Squares df  Mean Square F Sig.
Mar-3w  Between Groups 35729.165 4 §932.291 76.286 000
Within Groups 17212.211 147 117.090
Total 52941.377 151
Mar-dw  Between Groups 32726416 1 RI81.604 158484 000
Within Groups T588.747 147 51.624
Total 40315.163 151
Apr-1w  Between Groups 21883.872 4 5470.968 111.261 000
Within Groups T228.355 147 49.172
Total 29112.227 151
Apr-2w  Between Groups 21079.779 4 5260.945 137.712 000
Within Groups 5625.369 147 38.2608
Total 26705.148 151
Apr-3w  Between Groups 16415318 4 4103.830 110446 000
Within Groups 5462.050 147 37.157
Total 21877.368 151
Apr-dw  Between Groups 10706468 ! 2676.617 90318 000
Within Groups 3965.640 147 26.977
Total 14672.108 151
May Between Groups 3950.316 4 987.579 54.683 000
Within Groups 2654.833 147 18.060
Total 6605.149 151
Jun Between Groups 730.879 4 182.720 14779 .000
Within Groups 1817.442 147 12.364
Total 2548.321 151
July Between Groups 306.103 4 76.526 6.682 000
Within Groups 1683.479 147 11.452
Total 1989.582 151
Aug Between Groups 41.597 4 10.399 3445 010
Within Groups 443.741 147 3.019
Total 485338 151
Sep Between Groups 0.000 4 0.000
Within Groups 0.000 147 0.000
Total 0.000 151
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Table 4 Significant differences between groups in the recovery period for each classification.

9 clusters 8 clusters 7 clusters 6 clusters 5 clusters 4 clusters 3 clusters 2 clusters
Mar—3w . 000 . 000 .000 . 000 . 000 . 000 . 000 . 000
Mar—4w . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000
Apr—1lw . 000 . 000 . 000 . 000 . 000 . 000 .000 . 000
Apr—2w . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000
Apr—3w . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000
Apr—4w . 000 . 000 . 000 . 000 . 000 . 000 .000 . 000
May . 000 . 000 . 000 . 000 . 000 . 000 .000 . 000
Jun . 000 . 000 .000 . 000 . 000 . 000 .000 . 000
July . 001 . 001 . 000 . 000 . 000 . 000 .000 . 000
Aug . 054 . 033 .018 .012 .010 . 082 .038 L 413
Sep

COEFFICIENTS
200,000

180,000
160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000

0
1 2 3 4 5 6 7 8 9

NUMBER OF CLUSTERS

Fig. 14 Agglomeration coefficient with the number of clusters.

4.2.3 Discriminant Analysis for Validation of the Cluster Analysis

Results

(1) Canonical Discriminant Analysis

Canonical discriminant analysis is a classification model that works by identifying a projection hyper

plane in k-dimensional space such that the projections of the same categories on that hyper plane are as
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close as possible to each other while the projections of different categories are as far apart as possible.
If the results obtained from the cluster analysis can be fitted with the discriminant analysis equation,

this classification result is considered valid [30].

(2) Canonical Discriminant Function Determination

Therefore, I used the five-clusters as the dependent variable and the date of recovery as the independent
variable and chose “enter independent together” for the discriminant analysis in the SPSS statistics
software. The larger the eigenvalue is, the better the linear discriminant function obtained. According
to Table 5, the canonical correlations of the first two functions derived from SPSS both reach 85% or
more, with the two functions together explaining 96.1% of the variance. Furthermore, the closer the
Wilks’ lambda value is to 0, the better the group is identified, and the significance of the first two
functions was 0.000 in Wilks’ lambda test (Table 6). Therefore, I believe that the results of the cluster

analysis are successfully captured by using the first two functions.

Table 5 FEigenvalues.

Function Eigenvalue % of Variance Cumulative %  Canonical Correlation
1 8.992° 88.6 88.6 949
2 7602 75 96.1 657
3 3172 31 99.2 491
4 .083° 8 100.0 277

Table 6 Wilks’ lambda.

Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 .040 462.405 40 .000
2 .398 132.102 27 .000
3 .701 50.954 16 .000
4 .923 11.424 7 21

4.2.4 Validated Results of Discriminant Analysis on Classification

(1) Standardized Canonical Discriminant Function

Regarding the standardized canonical discriminant function coefficients, the larger the absolute value

of the coefficient is, the greater the contribution to the discriminant function. As shown in Table 7, for
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Function 1, the order according to the coefficients is Mar—3 w > Apr—2 w > Mar—4 w > May > Jul >
Apr—3 w > Apr—4 w > Apr—1 w > Jun > Aug. It is clear that the recovery rates in the 3rd week of
March, the 2nd week of April, and the 4th week of March contribute the most to the discriminant
function; that is, the recovery rates in the 1th, 3rd, and 2nd weeks after the Tohoku earthquake are the
most important factor in the classification of the recovery cluster. Similarly, the recovery rates in weeks
1 of March, 2 and 4 weeks of April contribute the most for Function 2.

Pooled within-group correlations between discriminating variables and standardized canonical
discriminant functions are shown in Table 8. The variables ordered by the absolute size of correlation
within Function 1 are Mar—4 w > Apr—2 w > Apr—1 w > Apr—3 w > Apr—4 w > May > Mar—3
w> Jun > Jul > Aug. Similarly, the order of function 2 is Mar—3 w > Apr—2 w > Apr—3 w > Apr—1
w > Apr—4 w > May > Jun > Jul > Aug> Mar—4 w. Standardized function 1 was associated with higher
recovery rates in week 4 of March and standardized function 2 was associated with higher recovery

rates in week 3 of March.

Table 7 Standardized canonical discriminant function coefficients.

Independent Variable 1 Function 5
Mar-3w .516 -.749
Mar-4w 437 -.128
Apr-1w .067 -.067
Apr-2w 492 737
Apr-3w -.142 .029
Apr-4w .118 -.323

May 435 225
Jun .051 252
July -.330 .106
Aug .012 .123

Although the correlations with the two functions are shown in Table 8, the variables for Apr—2 w
are both more advanced. As the previous results (Table 5) show that the first discriminant function
carries most of the discriminant information, this suggests that the variable for Mar—4 w may play a

major role in the discriminant analysis. I believe that this is linked to the government’s road recovery
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policy, namely “road clearance”, prioritizing the restoration of the Tohoku Expressway and major
national highways and opening up the roads to the affected areas along the coast.

Table 8 Structure matrix.

Independent Variable 1 Function ;
Mar-3w 428 793
Mar-4w 692" 036
Apr-1w 570" 366
Apr-2w 627 594
Apr-3w 563" 446
Apr-4w 537" 357

May 391" 345
Jun 150 312
July .094 218
Aug .053 181

*. Largest absolute correlation between each variable

(2) Unstandardized Canonical Discriminant

Canonical discriminant function coefficients are shown in Table 9. I can obtain the unstandardized
canonical discriminant functions evaluated as group means. The centroids of the discriminant
functions for each cluster are given in Table 10

F1=0.048 x X; +0.061 x X5+ 0.010 x X3+ 0.080 x X4 —0.023 x X5+ 0.023 x X+ 0.102 x X7+
0.014 x X5 —0.098 x X9+ 0.007 x X;0—16.065 2)

F2=-0.069 x X; —0.018 x X,—0.010 x X3+ 0.119 x X4+ 0.005 x X5—0.062 x Xs+ 0.053 x X7+

0.072 x X3+ 0.031 x X9+ 0.071 x X;0—21.208 3)
Table 9 Canonical discriminant function coefficients.
Independent Variable y Function >
Mar-3w X4 .048 -.069
Mar-4w Xo .061 -.018
Apr-1w X3 010 -010
Apr-2w X4 .080 119
Apr-3w Xs -.023 .005
Apr-4w Xs 023 -.062
May Xz 102 .053
Jun Xg .014 .072
July Xg -.098 .031
Aug X10 .007 071
(Constant) -16.1 -21.2
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Table 10 Functions at group centroids.

Function
Cluster 1 2
1 2.54 -.195
2 -.279 -.884
3 -4.03 -.268
4 -.285 1.68
5 -13.1 -.240

The unstandardized discriminant function and the clustering centers are represented in the following
diagram (Fig. 15). Based on the use of these two discriminant functions to predict the classification, the

correct rate was 95.4% (Table 11). This shows that the results of the cluster analysis can be successfully

tested with discriminant functions.

Canonical Discriminant Functions

Cluster
201

QoW =

roup Centroid

Function 2
o
1
| ]
| ]
0
| ]

T T T T T
-20 -10 o 10 20

Function 1

Fig. 15 Canonical discriminant functions.
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Table 11 Classification results.

Predicted Group Membership

Cluster 1 > 3 4 5 Total
1 61 0 0 1 0 62
2 0 33 0 0 0 33
Count 3 0 1 23 1 0 25
4 1 3 0 25 0 29
Original 5 0 0 0 0 3 3
1 98.4 0.0 0.0 1.6 0.0 100.0
2 0.0 100.0 0.0 0.0 0.0 100.0
% 3 0.0 4.0 92.0 4.0 0.0 100.0
4 34 10.3 0.0 86.2 0.0 100.0
5 0.0 0.0 0.0 0.0 100.0 100.0

95.4% of original grouped cases correctly classified.

From the results of the discriminant analysis prediction shown in Table 11, it can be seen that
Cluster 1 and Cluster 4 each predicted the wrong set for one another. The two discriminant functions
are relatively close in the distribution in Fig 15. Additionally, three of Cluster 4 were misclassified as
Cluster 2 and one of Cluster 3 was misclassified as Cluster 2. The misclassified municipalities are all

bordering each other in Table 11. In contrast, Clusters 2 and 5 have a 100% discrimination rate.

4.3 Determination of Road Recovery Patterns

4.3.1 Visualized Clusters on a Map and Gained Insights into

Common Features

According to the results of the cluster analysis, municipalities with similar road recoveries were

divided into five clusters. The cluster for each municipality is shown on the map (Fig. 16).
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Fig. 16 Each municipality in the Tohoku region belongs to a cluster.
The order of the recovery reaching 90%, averaged for each cluster is 1 >4 > 2 >3 > 5 (Table 12, Fig.
17).

Table 12 Road recovery percentages in five clusters of the Tohoku region.

Cluster Mar-3w  Mar-4w  Apr-lw  Apr-2w  Apr-3w  Apr4w May Jun July Aug Sep

1 64 82 89 92 94 96 97 98 99 99 100
2 54 68 75 30 33 38 91 94 96 98 100
3 31 49 61 66 72 78 87 93 95 99 100
4 34 69 82 88 9% 92 95 97 99 99 100
5 1 6 29 33 39 50 68 96 98 98 100
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Fig. 17 Road recovery conditions of the five clusters in the Tohoku region.

Consider the order and characteristics of recovery of each cluster:

Cluster 1: The fastest recovery occurred in the major cities in the plains, where there are more main
roads, followed by municipalities with fewer roads, which benefited from the “Teeth of a Comb”
recovery policy.

Cluster 4: The second-fastest recovery is mainly concentrated in the coastal lowlands affected by the
tsunami and in inland mountains affected by snow; roads recovered gradually after the road closures
necessitated by the disaster were lifted.

Cluster 2: The speed of road recovery was intermediate compared to other clusters, and the
distribution was similar to that of Cluster 4 but was mainly concentrated on the northern ria coast, which
was more severely affected than the region in Cluster 4. In the inland areas, this cluster included
municipalities in the plains with many routes that had suffered extensive earthquake damage; the road
recovery was slow in municipalities in the mountains because of snow.

Cluster 3: The slowest recovery was observed for this cluster, mainly in the mountains, minor routes
with relatively low population density. The recovery of road use was delayed possibly because of the
restriction of traffic until the road closures in urban areas of the prefecture were lifted.

Cluster 5: The slowest recovery was observed in locations with heavy snowfall areas and mountainous
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locations. Note that in the inland Tohoku region, especially in the mountainous areas, roads are closed

from the previous winter until June this year because of snow [31].

4.3.2 Objective Data Test

To prove my hypothesis, I collected data reflecting geographic location, topography, damage, recovery
policy, the importance of roads, population density, and snow to examine their relationship with road
recovery (Table 13). A total of 152 municipalities exists, 15 of which are shown here for reference. Refer

to the Appendix for full data.

Table 13 Collection of actual data affecting road recovery factors.

™ . Tvbe of Measuring  Priority road Proportion Populati Roads closed
Cluster Municipality \.pc UE. ype .U! seismic restoration of important opu fi.["fm due to
municipality terrain : g = i : density ;
intensity occupancy roads SHOW
I Takizawa-mura 1 1 56 0.02 0.04 295 0
| Sumita-cho 2 3 5.1 0.03 0.08 18 2
2 Ishinomaki-shi 2 2 53 0.02 0.03 289 0
2 Osaki-shi 2 3 53 0.01 0.04 170 2
3 Iwaizumi-cho 1 4 42 0.04 0.06 11 2
3 Iwate-machi 2 3 4.7 0.02 0.02 42 0
3 Noda-mura 2 3 4.9 0.02 0.02 57 1
3 Tono-shi 2 3 5.3 0.02 0.04 37 4
4 Kawasaki-machi 1 2 6.2 0.00 0.09 37 1
4 Kurihara-shi 2 2 5.38 0.02 0.04 93 3
4 Onagawa-cho 2 3 5.38 0.06 0.06 153 0
4 Ichinoseki-shi 2 2 58 0.02 0.05 127 1
5 Kanevama-machi 2 3 33 0.00 0.10 8 4
3 Hinoemata-mura 2 3 35 0.00 0.13 2 4
5 Tadami-machi 2 3 38 0.00 0.13 7 4

The individual factors are described as follows.

Type of municipality: In terms of geographic location, roads in major municipalities were generally
prioritized for rehabilitation over other municipalities as seen in Cluster 1. Major municipalities are
generally the principal cities and surrounding municipalities, denoted by 1 in the dataset, and other cities
are denoted by 2.

Type of terrain: For topography, I classified the type of terrain to which the municipality belongs
into four categories, with 1 in the database indicating that more than three-quarters of the terrain is
plains, 2 indicating that it is half plains and half mountainous, 3 indicating that three quarters is
mountainous, and 4 indicating that it is entirely mountainous.

Measuring seismic intensity: For damage, earthquake seismicity is often used as a criterion for
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predicting damage [32]. I collected measured seismic intensities from the Japan Meteorological Agency
for each municipality in the Tohoku region for the 2011 Tohoku Earthquake [33].

Priority road restoration occupancy: For recovery policy, the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) implemented a road opening policy called “Teeth of a Comb” [2] on the
second day after the Tohoku earthquake, as the Tohoku coast was severely hit by the tsunami. The main
roads were National Routes 4, 6, and 45 in the vertical direction and National Routes 395, 281, 455,
106, 283, 107, 343, 284, 398, 108, 115, 459, 114, 288, 49, and 289 in the horizontal direction. I
calculated the ratio of road distances to total road distances for each municipality participating in the
recovery policy via GIS.

Proportion of important roads: For the importance of roads, I calculated the distances of highways
and national roads that were given priority for restoration after the disaster as a percentage of the total
distance of roads in the municipality.

Population density: For population density, it can be obtained using census data [34]. Here I used
data from 2010, the year before the Tohoku earthquake as a reference.

Roads closed due to snow: For the snow factor, I calculated the closed roads in each municipality
from the information on winter closure routes in the Tohoku region [31].

I imported Table 13 into SPSS Statistics software and used Pearson correlation analysis to see how
these seven factors specifically influenced the recovery of each cluster. From Table 14, all factors are
significantly correlated with clusters, except for priority road restoration occupancy whose significance
is greater than 0.05. In terms of the absolute value of Pearson's correlation coefficient, the order of
correlation for each factor and cluster is type of terrain, proportion of important roads, roads closed due
to snow, population density, seismic intensity, and type of municipality. This shows the relationship

between the influences of these six factors on road recovery patterns.

Table 14 Correlations

T = i . Measuring  Priority road Proportion ; Roads closed
ype of Type of [0z f : Population
;i . \ SEISIIC restoration of important . due to
municipality terrain ; . i ) " density o
intensity occupancy roads SNOW
Pearson Correlation 264%* 7 Dl ~.328%* 080 A19** -344%= 405+
Cluster Sig. 001 000 000 326 000 000 000
N 152 152 152 152 152 152 152
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Chapter 5

Predicted Road Recovery in the Tokai Region

Based on Data from the 2011 Tohoku

Earthquake

In this section, I analyzed and quantified the various influencing factors of each pattern of road recovery.
By using a database, I developed a new forecasting model that can be applied to other regions by
geographic information system (GIS) mapping of regional characteristics and road recovery in the Tokai

region. My research flow of predictive model construction is shown in Fig. 18.

Build a database of the Tohoku region

Pearson correlation analysis

Multiple covariance analysis

Discriminant analysis

Database for modelling

Predictive model

Fig. 18 Flowchart of predictive model construction.
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5.1 Building of Database of the Tohoku Region

To quantify the influencing factors of each pattern of road recovery, I collected geographic location,
topography, damage, recovery policy, road importance, population density, and snow data (Table 15,
Table 16, and Table 17). Although the influencing factors reflect the results of previous studies in the
three prefectures in the Tohoku region, they can be applied to the three prefectures in the Tokai region,
which is my main consideration. Cases of 152 municipalities in the Tohoku region were found; however,
only 10 are shown here for reference. Refer to the Appendix for full data. The data were conceived,

collected, and calculated as follows:

Table 15 Database of the Tohoku region (1).

Type of  Time to Distance Distance Area Type of Elevation

Cluster - Municipality municipality Tokyo to Tokyo area ratio terrain =~ <50m

1 Iwanuma-shi 2 4.18 340 12.74  60.71 1 0.80
1 Kakuda-shi 2 4.17 329 7.80 147.58 2 0.67
1 Misato-machi 2 5.03 306 10.62  75.06 2 1.00
1 Murata-machi 1 4.20 344 9.40 78.41 3 0.23
1 Natori-shi 1 4.25 345 13.43  100.07 1 0.66
1 Ohira-mura 2 4.85 391 7.83 60.19 2 0.42
1 Osato-cho 2 4.67 380 7.13 82.02 2 0.66
1 Rifu-cho 1 4.52 368 12.93 44.75 2 0.42
1 Shibata-machi 2 4.33 343 14.13 53.98 2 0.70
1 Shiogama-shi 2 4.57 365 19.88 17.86 1 0.81
Table 16 Database of the Tohoku region (2).
Cluster Municipality Elevation Elevation Elevation Elevation Elevation l\ggi;ﬂid
50m-100m <100m 100m-200m 200m-500m >500m . .
intensity

1 Iwanuma-shi 0.06 0.86 0.10 0.03 0.00 59

1 Kakuda-shi 0.12 0.79 0.17 0.04 0.00 5.8

1 Misato-machi 0.00 1.00 0.00 0.00 0.00 5.5

1 Murata-machi 0.18 0.41 0.37 0.21 0.00 5.4

1 Natori-shi 0.09 0.75 0.21 0.05 0.00 6.1

1 Ohira-mura 0.42 0.84 0.15 0.01 0.00 6

1 Osato-cho 0.30 0.96 0.04 0.00 0.00 5.6

1 Rifu-cho 0.44 0.86 0.14 0.00 0.00 5.6

1 Shibata-machi 0.12 0.83 0.13 0.04 0.00 5.4

1 Shiogama-shi 0.17 0.98 0.02 0.00 0.00 6
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Table 17 Database of the Tohoku region (3).

Priority road Proportion

. . ... Damage . . Population Employee Minimum
Cluster Municipality rateg restoration of important P ploy

density  density temperature

occupancy roads
| Iwanuma-shi ~ 0.00 0.01 0.01 727.80 367.06 1.72
| Kakuda-shi 0.00 0.00 0.02 212.30 103.45 1.72
1 Misato-machi  0.00 0.01 0.02 335.60 120.86 1.72
1 Murata-machi  0.00 0.02 0.03 153.00 76.23 1.72
1 Natori-shi 0.00 0.01 0.02 730.80 313.73 3.36
1 Ohira-mura  0.00 0.02 0.04 88.60 79.08 1.04
1 Osato-cho 0.00 0.00 0.00 108.80 48.35 1.72
1 Rifu-cho 0.00 0.00 0.05 759.60 273.21 1.72
Il Shibata-machi 0.00 0.01 0.01 728.80 294.00 1.72
1 Shiogama-shi  0.00 0.02 0.02 3162.90 1302.30 4.26

5.1.1 Dependent Variable

As shown by cluster analyses of vehicle driving data in the Tohoku region (Fukushima, Miyagi, and
Iwate prefectures) during the second half of the 2011 Tohoku earthquake, regional characteristics and
other factors affected road recovery at section 4.3.1 [35]. To facilitate statistical analysis, I have
reordered the clusters. (Fig. 19).

In case the recovery speed reached 90%, the average recovery speed for each cluster is as follows:
1>2>3>4>5(Fig. 20). The order and characteristics of the clusters’ recoveries are as follows:

Cluster 1: The fastest recovery was performed in the major cities in the plains, which had many main
roads, followed by municipalities, which had fewer roads. This cluster benefited from the “Teeth of a
Comb” recovery policy. This operation involved road clearance to secure, rescue, and relief routes on
many national highways, extending from inland areas toward the Pacific coastal area of Tohoku. The
road is shaped like the teeth of a comb, hence the name.

Cluster 2: The second fastest recovery was mainly concentrated in the coastal lowlands affected by
the tsunami and inland mountains affected by snow. The roads recovered gradually after the disaster
road closures were lifted.

Cluster 3: The speed of road recovery was moderate compared with that in other clusters, and the
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distribution was similar to that of Cluster 2. However, the recovery in Cluster 3 was mainly concentrated
in the northern rias coast, which was more severely affected than Cluster 2. Many routes in the
municipalities in the inland plains suffered considerable earthquake damage. The road recovery in
municipalities in the mountains was slowed by snow.

Cluster 4: This cluster exhibited slow recovery. The areas in this cluster are mainly in the mountains,
had non-main routes, and had relatively low population densities. The delay in the recovery of road use
may have been due to the restriction of traffic, which remained until the road closures in the urban areas
of the prefectures were lifted.

Cluster 5: Consisting of heavy-snowfall areas and mountain locations, this cluster exhibited the

slowest recovery.

Fig. 19 Road recovery speed in the five clusters in the Tohoku region.
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Fig. 20 Road recovery conditions in the five clusters in the Tohoku region.

5.1.2 Independent Variable

(i) Geographic location
Type of municipality: According to previous studies [22], [23], roads in major municipalities are
generally prioritized for rehabilitation over other municipalities. Major municipalities are typically
principal cities and their surrounding municipalities. Principal cities are denoted as 1 in the dataset, and
other cities are denoted as 2.
Time and distance to Tokyo: The distance and time taken to travel from Tokyo to the municipal office
of each Tohoku city after the Tohoku earthquake were also used as a reference.
Area: The area of each municipality was calculated using a GIS software.
Distance area ratio: The ratio of road distance and area in the municipality was also used as an
indicator affecting road rehabilitation. For the road distances, I used road centerline data from 2006 [36]

for calculation.

(i1) Topography
Type of terrain: I classified the type of terrain of each municipality into four categories. In the database,

1 indicates that more than three quarters of the terrain is plains, 2 means half plains and half
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mountainous, 3 indicates that three quarters is mountainous, and 4 means all mountainous.

Area share of elevation range: One quarter of Japan’s area and 80% of its population are below 100
m in elevation [37]. In the Tohoku region, Iwate and Fukushima prefectures are more mountainous,
whereas Miyagi prefecture has more plains. The three studied prefectures in the Tokai region are similar
to those in the Tohoku region in terms of elevation; Mie and Shizuoka prefectures have more mountains,
whereas Aichi prefecture has more plains. To show the characteristics of each municipality, I divided
the elevations into six ranges: <50 m, 50<100 m, 100<200 m, 200<500 m, and >500 m. I used digital
elevation model data [36] to calculate the percentage of area occupied by each municipality at each

elevation using the GIS.

(iii) Damage

Measured seismic intensity: Earthquake seismicity is often used as a criterion for predicting damage
[32]. T collected measured seismic intensities of the 2011 Tohoku earthquake from the Japan
Meteorological Agency for each municipality in the Tohoku region [33].

Damage rate: Related studies used road damage rates for evaluating road recovery [38], [39]. These
rates are derived from information provided by prefectural office road management departments on
road closures due to earthquakes. In my previous study [24], I calculated the road damage rate of each
municipality in Fukushima prefecture. In the current work, I also calculated the road damage rate in

Iwate and Miyagi prefectures using the following equation:

R= “

X
L
The damage rate R (cases per kilometer) is calculated by dividing the number of cases of damage to

road structures X for a given seismic intensity by the distance of the road extension L (kilometers).

(iv) Recovery policy
Priority road restoration occupancy: On the following day of the Tohoku earthquake, the Ministry of
Land, Infrastructure, Transport, and Tourism implemented a road clearance policy called “Teeth of a

Comb” [2], as the Tohoku coast was severely hit by the tsunami. The main roads were National Routes
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4, 6, and 45 in the vertical direction and National Routes 395, 281, 455, 106, 283, 107, 343, 284, 398,
108, 115, 459, 114, 288, 49, and 289 in the horizontal direction. I calculated the ratio of the affected

road distances to the total road distances of each municipality participating in the recovery policy via

the GIS.

(v) Road importance
Proportion of important roads: The highways and national roads were prioritized for restoration after
the disaster, and I calculated their distances as a percentage of the total distance of the roads in the

municipalities for reference.

(vi) Population density

Population density and employee density: These were used as indicators for major cities. Roads in
dense municipalities should be prioritized for restoration. These indicators can be obtained from the
national situation survey [34]. Here, I used data from 2010, the year before the Tohoku earthquake, as

reference.

(vii) Snow

Minimum temperature: According to my previous studies [22], [23], most roads with slow recovery
are in mountainous and snowy areas. Therefore, snow-related parameters are important; I initially
considered the average snowfall per municipality. However, the Tokai region is in southern Japan, where
snow is scarce. Considering the data available for the prediction model, I shifted the snowfall to the
average monthly minimum temperature. These data are also available from the Japan Meteorological

Agency [40]. Here, I used data from 2010 as reference.
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5.2 Parameter Screening and Determination

The database contains 19 independent variables, but not all of them were required to be entered
into my prediction model. I selected the parameters that are relevant to the impact of the
recovery speed. Therefore, I analyzed the specific relationships affecting the recovery factors

and speed.

5.2.1 Pearson Correlation Analysis

I used Pearson correlation analysis, the factors affecting road recovery as the independent
variables, and road recovery patterns as the dependent variable. The significance probability
between the independent and dependent variables was less than 0.05, indicating statistical
significance. The SPSS correlation test showed that four independent variables were not
significantly correlated with the dependent variable and were not statistically significant, so
these independent variables were eliminated (Table 18). An absolute value of the Pearson’s
correlation coefficient over 0.5 indicates a strong correlation, between 0.3 and 0.5 a medium
correlation, and below 0.3 a weak correlation.

The magnitude of the correlation between each independent variable and the dependent variable

1s summarized in Table 19.
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Table 18 Independent variables that are not significantly correlated with the dependent variable.

Parameter Sig.
Elevation
100m-200m 823
Elevation
200m-500m | /%
Priority
road restoration | .658
occupancy
Damage rate 154

Table 19 Correlation between independent and dependent variables.

Parameter Pearson Correlation | Relevance
Type of terrain O71**
Measured seismic intensity -.560%* St
Distance area ratio -.546%* e
Minimum temperature -.507**
Elevation o
~500m 5
Population density -.358%*
Elevation Medium
£ Hk
<100m 492
Elevation
- #k
<50m 242
Proportion of important roads " e
Employee density P
Area s |1
Time to Tokyo 246**
Type of municipality 222%% Weak
Elevation .
50m-100m R
Distance to Tokyo .192%

5.2.2 Multiple Covariance Analysis

Correlation was also observed between the independent variables. Pearson correlation

coefficients with absolute values greater than 0.5 indicate a possible covariance; multiple
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covariance analysis was performed to identify independent variables with covariance (Table 20).
The collinearity diagnostics between each independent variable was tested using SPSS (Table
21) and excluded based on independent variables that were weakly correlated with the
dependent variable. Four independent variables, namely, time to Tokyo, distance to Tokyo,
population density, and employee density, exhibited a variance inflation factor (VIF) over 10.
Collinearity was found between time to Tokyo and distance to Tokyo and between population
density and employee density. Moreover, their correlations with the dependent variable were
similar (Table 19). Hence, I entered them into my model separately and determined which one

demonstrated a high prediction accuracy before selecting which independent variable to keep.

Table 20 Breakdown of Pearson correlation coefficients between independent variables with
absolute values greater than 0.5.

Time to| Distance | Type of |Elevation| Elevation |Elevation |Elevation | Population
Tokyo |arearatio| terrain | <50m |50m-100m| <100m | >500m | density
Distance :
90 ] **
to Tokyo
et - T51%%
terrain
Elevation ,
%
<50m 625
e L 617 953#* | 614%x
<100m ’ ’ ’
Elevation .
e ok 5 ok
~500m 624 571
Measuring
seismic S06%* |- 5]13%*
intensity
Proportion
of important =502 544
roads
iy 727 606+ 547
density
Sl s 6497+ 5407 954
density
Minimum _53%+
temperature
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Table 21 Collinearity statistics

Parameter VIF
Time to Tokyo 87.779
Distance to Tokyo 85.473
Type of terrain 2.162
Elevation <50m 2.084
Elevation 50m-100m 1.494
Elevation >500m 2.724
Measured seismic intensity 1.948
Proportion of important roads | 1.730
Population density 13.389
Employee density 11.716
Minimum temperature 1.754

5.3 Application of General Discriminant Analysis for

Construction of Road Recovery Prediction Model

I integrated the model through general discriminant analysis in SPSS, which produced the
analysis directly (Table 22). For cases with low accuracy, | adjusted the added parameters to
determine which combinations of parameters produced the highest accuracy (Table 23).

Additionally, the cross-validation rate changed as different parameters were added.

Table 22 Classification Results of the Predictive Model.

Predicted Group Membershi

Cluster i 5 3 P ) E Total

1| 47 6 6 3 - 62

2] 3 20 6 - - 29

Count |3 | 4 6 22 1 - 33

4| - 1 4 18 2 25

51 - - - - 3 3
11758 9.7 | 9.7 | 48 - 100.0
; V— 211031690207 | - - 100.0
(%) 3| 121 | 182 66.? 3.0 - 100.0
4 - 40 | 160|720 | 8.0 | 100.0
51 - - - - 100.0 | 100.0

40



Table 23  Experimental results of discriminant analysis with different combinations of

parameters.
Parameter Test1 | Test2 | Test 3 | Test4 | Test5 | Test6 | Test 7 | Test 8
Type of v v &
municipality
Minimum v v 7 y 7 7 v y
temperature
Time to
Tokyo v v v v v
Distance v
to Tokyo
Area v v v v v v v
Tpeot & F ¥ v ", v v v
terrain
Elevation
<50m v v v v v v
Elevation
50m-100m v ¢ ¥ v v ¥ uf
Elevation
<100m v
Elevation v » 7 v 7 » 7 »
=500m
Measuring
seismic v v v v v v v v
intensity
F'npula.lmn P 7 ¥
density
Eempiqyoe v v v v v
density
Proportion
of important v v v v v v v
roads
tieghnoa v v v v v v v v
area ratio
Total 12 12 12 11 11 11 8
Accuracy(%) 69.1 69.1 69.1 1.1 1.1 724 724 72.4
Cross-validation{ %) | 59.9 60.5 60.5 60.5 61.2 618 632 5

5.4 Confirmation of Model Parameters, Creation of Database

for Tokai Region, and Prediction of Recovery

After all the independent variables to be used in the simulation model were identified (Table
24), data on these variables for each municipality in the study area were collated into a database

and were used in the prediction of recovery (Table 25). The data collection sources for the Tokai
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region were essentially the same as in Section 3.1 except for three differences. First, the road
distance for the Tokai region was calculated using the 2020 version of the road centerline.
Second, the measured seismic intensity was derived from the predicted seismicity distribution
for the Tokai region by the Cabinet Office, Government of Japan [41]. Third, the population
and employee densities of the Tokai region were obtained from the 2015 national situation

survey [34].

Table 24 Database for modeling.

Proportion .
.o ... Minimum Tipe Elevation Elevation Employee Mc?ﬁm_td F:f Hritaiee
Cluster Municipality o : seismic . .. area
temperature . < 100m =500m density . . significant R
terrain intensity : ratic
roads
1 Natori-shi 3.36 1 075 000 31373 6.l 0.02 1343
1 Rifu-cho 172 2 .86 000 27321 56 0.05 1293
1 Tome-shi 0.77 2 0.71 0.00 6608 55 0.04 594
1 Soma-shi 3.15 2 0.55 0.15 89.71 5.7 0.04 199
1 Iwaki-shi 5.37 2 D.35 0.29 124.70 3.5 0.04 6.11
1 Date-shi 1.90 1 0.27 0.06 96.35 3.5 0.03 1.65
3 Shiwa-cho -(0.48 2 0.08 0.15 45 88 49 0.03 6.72
4+ Towa-cho (.64 3 0.01 .04 16.59 53 0.03 8.88
4 Kuji-shi 043 4 0.26 (.11 48.00 4.6 0.04 4.30
4 Tono=shi -1.58 3 0.0 (.64 14.64 53 0.04 2.80
2 (mama-mura  0.61 3 .00 (.46 3283 538 0.02 6.29
2 Tamura-shi = -0.41 3 .03 (L.55 33.07 538 0.03 539
2 Asiro-cho -2.54 3 0.00 .64 482 538 0.09 211
2 Fodai-muora =002 3 0.16 0.03 1298 53 0.05 491
2 Sannku-cho  0.61 3 0.25 015 14.53 538 0.04 4.08

Table 25 Predicted results of the road recovery pattern in the Tokai region.

Cluster 9. 2 3 4 5 Total
Number of municipalities | 122 3 15 I - 141
Percentage (%) 65 21 106 07 - 1000

The accuracy rate of my model was 72.4%. The following parameters were chosen for the

model: percentage of terrain, percentage of area above 100 m elevation, percentage of area
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below 500 m elevation, measured seismicity, percentage of important roads, percentage of area
at a distance from roads, minimum temperature, and employee density. According to my results
(Table 22 and Fig. 21), the prediction accuracy for Clusters 2 and 3 was relatively low. These
clusters may be similar in terms of recovery speed and distribution in some areas. Their existing
regional characteristics are not sufficient to fully distinguish them. By contrast, Cluster 1 is a
major city in the plains, and Clusters 4 and 5 are in the mountains; these features can be clearly
distinguished in the model.

100.0% 100.0%

122
120
90.0%
75.8% 80.0%
100 4
66.7% o,
\ ° 72.0% 70.0%
69.0%
80 60.0%
62 50.0%
60
47 40.0%
40 a3 30.0%
29
22 25
20 15
10.0%
3 1 3 3 0
0 [z — B 0.0%
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
mmmmm Number of Tohoku region's municipalities I Results of Predictive Model
mmmmm Pridicted results of Tokai region Accuracy of Predictive Model

Fig.21 Comparison of the Tohoku region, predictive models, and the Tokai Region in clusters.

I employed this model to predict municipal road recovery in the Tokai region after the
expected Nankai Trough earthquake, and the recovery was mapped using a GIS software (Fig.
22).0Only four types of municipal road recovery exist in the Tokai region (Table 25). The
distribution characteristics are as follows:
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Cluster 1: Most of the municipalities fall into the fast-recovery cluster. The main roads and
developed areas of the Tokai region are concentrated in Cluster 1 (Fig. 22).

Cluster 2: This cluster has three municipalities that are located in areas with strong predicted
seismicity.

Cluster 3: This cluster is mainly concentrated in the mountainous areas in Shizuoka
prefecture. It also lies on the coast of Mie prefecture, which also has a ria coast.

Cluster 4: Only one municipality exists in this slow-recovery cluster. This is the location of
Mt. Fuji, and it exhibits the highest latitude and lowest temperature.

The predicted results for the Tokai region match the results of the previous classification of
the Tohoku region. In practice, however, most municipal roads will be restored in Cluster 1,
and they may not be restored simultaneously in the event of a severe earthquake and a major

tsunami.

Fig. 22 Predicted results for road recovery in the Tokai region.
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Chapter 6
Re-clustering the Three Tohoku Prefectures

Separately Based on Coastal or Inland

Concerning the examination of other influencing factors, the previous cluster analysis of the
Tohoku region as a whole has revealed that the characteristics of coastal and inland
municipalities within the same category are different. In particular, coastal municipalities were
hit hard by the tsunami, and road recovery was slower than inland. Previous studies on
Fukushima prefecture have also shown that recovery is not the same in coastal and inland areas
[19]. At the same time, to avoid an overconcentration of a single cluster in the forecast results
for the three Tokai prefectures, I subdivided the forecast model into several more clusters.
Hence, I considered re-clustering the three Tohoku prefectures separately based on coastal or
inland.

The research materials and areas were the same as in section 3.1, namely the vehicle tracking
maps that were collected in the three Tohoku regions following the 2011 Tohoku earthquake.
However, this study is for 35 municipalities along the coast and 117 municipalities inland

respectively. Their road restoration rates were analyzed separately in clusters.

6.1 Data Processing

The first three steps are the same as outlined in section 4.1. Using these cumulative distance
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data, I obtained the percentage of road use recovery in each municipality. I introduced the
percentages into SPSS Statistics software and used Ward's method with the Squared Euclidean
distance as the measurement interval in hierarchical cluster analysis to produce a classification
dendrogram. The number of clusters was chosen according to the stopping rule (a large
percentage drop in the agglomeration coefficients followed by a plateau). The best clustering
result for coastal municipalities was four clusters (Fig. 23), while for inland municipalities it
was three clusters (Fig. 24). The results were also confirmed by visual inspection of the

dendrogram.

Fig. 23 The four coastal clusters in the Tohoku region.
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Fig. 24 The three inland clusters in the Tohoku region.

6.2 Results and Discussion

In addition, I examined the clustering results by visualizing them on a map through GIS.

1) For the four clusters in the coastal area (Fig. 23), ranked by road restoration rates reaching
90%, I observed the following:

Cluster A: Only two municipalities along the coast had their roads recovered as a part of this

fastest cluster. The reason for this is that the breakwaters are high in those municipalities, and
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they did not receive the full effects of the tsunami.

Cluster B: Municipalities in Cluster B are mainly concentrated in densely populated areas

in the coastal lowlands of Miyagi prefecture and municipalities with high breakwaters in Iwate

prefecture. Densely populated main roads are considered to be in need of priority restoration.

Cluster C: Mainly concentrated in the areas more severely affected by the tsunami. The

impact of the tsunami had slowed the recovery of this cluster.

Cluster D: Municipalities in Cluster D are mainly concentrated in mountainous areas more

severely affected by the tsunami. I think the effects of the tsunami and geographical location

made this cluster the slowest to recover.

2) For the three clusters in the inland area (Fig. 24), ranked by road restoration rates reaching

90%, I observed the following:

Cluster E: Municipalities that generally have major roads. This fits in well with the

government restoration policy “Teeth of a Comb”. The main inland roads were given priority

for restoration followed by the national roads linking the coast.

Cluster F: Mainly municipalities in mountainous areas with low population density. Roads

with less concentrated populations are not considered to have recovered so quickly.

Cluster G: Municipalities in Cluster G are mainly concentrated in mountainous areas with

heavy snowfall. Roads were slow to recover due to residual snow.

I also ranked the overall restoration rates for all coastal and inland municipal roads in the

order that they reached 90% (Fig. 25). The overall order was found to be Clusters A, B, E, C,

F, G, and D. After comparing the results for the whole Tohoku region about re-clustering (Fig.

26) and the original clusters, the order changed. In my previous cluster analysis of the road
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Fig. 25 The road recovery speed of the seven clusters in the Tohoku region.

Fig. 26 The seven clusters in the Tohoku region.
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recovery in municipalities throughout Tohoku, the slowest recovery was in the heavy snowfall
areas. Now that the clustering analysis has been conducted separately for coastal and inland
areas, the slowest recovery overall has been in the higher terrain arecas along the coast.

In addition, with this new classification, I found previously ignored influences such as
breakwaters. Apparently, even within the same cluster, the characteristics of the coastal and
inland areas were different. This is more in line with the reality that the coast was heavily
affected by the tsunami. Separating the coastal and inland analyses to capture the different
features and explore the different influences would help improve the accuracy of the prediction
as a model.

My previous research framework as described in section 5 used Pearson correlation analysis,
multiple covariance analysis, and general discriminant analysis to screen variables (Fig. 18).
The process is more complex, and the accuracy is only 72.4%. Stepwise discriminant analysis
can also automatically filter variables. In this study, I attempted to use Stepwise discriminant

analysis with the intention of simplifying the process and improving accuracy.

6.3 Predicted Road Restoration in the Tokai Region

Next, I used the previous database (Table 15, Table 16, and Table 17) which I had compiled
a total of 19 variables representing the factors of geographic location, topography, damage,
recovery policy, road importance, population density, and snow data for the Tohoku region and
used it to predict road restoration in the three Tokai prefectures. The difference is that I have
separated the coastal and inland forecasts in this study. For my Tokai study, however, I separated

coastal and inland forecasts in order to obtain a more accurate picture of road recovery.
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In the coastal municipalities, Stepwise discriminant analysis filtered the three remaining
variables of road density, topography and measured seismicity. Data on these three variables
were also collected by coastal municipalities in the Tokai region for prediction purposes.

The prediction accuracy for the coastal area is 80% (Table 26). And the predictions along the
coast are shown in Fig.8. The distribution characteristics are as follows:

Cluster B: It is mainly concentrated in the lowlands of Aichi prefecture and other areas with
dense roads.

Cluster C: These are expected to be areas affected by a tsunami.

Cluster D: These are expected to be areas affected by a tsunami while on higher ground.

Table 26 Predicted results for the coast in the Tokai region.

Cluster Predicted Group Membership Total
A B C D
Original | Count A 2 0 0 0 2
B 1 8 1 1 11
C 2 1 14 0 17
D 1 0 0 4 5
Tokai coastal 0 25 24 9 58
% A 100.0 0.0 0.0 0.0 100.0
B 9.1 72.7 9.1 9.1 100.0
C 11.8 5.9 82.4 0.0 100.0
D 20.0 0.0 0.0 80.0 100.0
Tokai coastal 0.0 43.1 414 15.5 100.0
Cross- Count A 1 0 1 0 2
validated B 1 7 2 1 11
C 2 2 12 1 17
D 1 0 1 3 5
% A 50 0 50 0 100
B 9.1 63.6 18.2 9.1 100.0
C 11.8 11.8 70.6 5.9 100.0
D 20.0 0.0 20.0 60.0 100.0

a. 80.0% of original grouped cases correctly classified.
b. 65.7% of cross-validated grouped cases correctly classified.
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Fig. 27 The three coastal clusters in the Tokai region.

The coastal predictions resulted in only three clusters, with no fastest cluster A. In my Tohoku

study, Cluster A was characterized by a high coastal breakwater, however this information was

not available in my database. This indicates that I need to update my database to consider this

new feature to make more accurate predictions. Additionally, regarding the coastal features,

data relating to the tsunami were not included. The previous Tohoku earthquake was

compounded by a tsunami like no other. There are also many predictions of tsunami heights for

the future Nankai Trough earthquake, a feature not previously considered in my models.

Looking at the maps of coastal municipalities in the Tohoku and Tokai regions, there are some

cities that are so large and have such a short coastline that they need to be reconsidered as to

whether they can be treated as inland cities. Alternatively, I should again review the scale of the

coastal roads.

With regards to the inland municipalities, Stepwise discriminant analysis screened the
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remaining three variables of topography, population density and minimum temperature. Data

on these four variables were also collected from inland municipalities in the Tokai region for

prediction purposes.

The prediction accuracy for the inland area is 77.8% (Table 27, Fig. 28). I observed the

following:

Cluster E: This cluster contains the largest number of municipalities in the cluster. It is

mainly concentrated in municipalities with major roads.

Cluster F: This cluster is expected to be concentrated in mountainous areas with low

population density.

Cluster G: Only one municipality is predicted for this cluster, and this is where Mt Fuji is

located. This is the area with the highest altitude and lowest temperature in the Tokai region.

Table 27 Predicted results for the inland in the Tokai region.

Cluster Predicted Group Membership Total
E F G
Original |[Count E 39 5 2 46
F 6 35 10 51
G 0 3 17 20
Tokai inland 77 5 1 83
% E 84.8 10.9 4.3 100.0
F 11.8 68.6 19.6 100.0
G 0.0 15.0 85.0 100.0
Tokai inland | 92.8 6.0 1.2 100.0
Cross- Count E 39 5 2 46
validated F 6 35 10 51
G 0 4 16 20
% E 84.8 10.9 4.3 100.0
F 12 69 20 100.0
G 0.0 20.0 80.0 100.0

a. 77.8% of original grouped cases correctly classified.

b. 76.9% of cross-validated grouped cases correctly classified.
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Fig. 28 The three inland clusters in the Tokai region.

I have also combined the coastal and inland results together (Fig. 29) in my analysis.

Although Cluster E is still more concentrated inland, there are six clusters in this overall

forecast compared to the previous forecast of only four clusters (Fig. 22). It is of note that there

is no concentration of the fastest recoveries along the coast in the Tokai region.

Fig. 29 The six clusters in the Tokai region.
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Chapter 7

Conclusion

In this study, cluster analysis was applied to find the similarities in road recovery after the
earthquake in the Tohoku region. In the research methodology, the classification results
obtained after cluster analysis were examined to select the best classification cluster. Moreover,
I examined the recovery clusters on a map taking into account their regional characteristics and
validating them with objective data. In the Tohoku region, the road recovery conditions were
found to be similar depending on topography, the importance of the road, snow, population
density, damage, and geographical location.

Analysis of vehicle travel data for the six months following the 2011 Tohoku Earthquake was
used to identify regional characteristics and factors affecting road recovery. I observed that six
of the seven impact factors thought of by the clusters represented on the map were significantly
correlated with the recovery clusters. Surprisingly, I found that the government’s recovery
policy of prioritization of certain roads did not show a significant correlation with all of the
recovery clusters.

In addition, I constructed a database by correlating previous road recovery in the Tohoku
region with regional characteristics. Using this database, | employed discriminant analysis to
construct a prediction model, and the accuracy of the model prediction was 72.4%. I applied
this model to predict municipal road recovery in the Tokai region (Shizuoka, Aichi, and Mie
prefectures) after the predicted Nankai Trough earthquake and map the predicted recovery in a
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GIS. The cluster classification of the three Tokai prefectures resulted in an overconcentration

in Cluster 1, where recovery is the fastest. It is unlikely that most municipal roads will be able

to recover at the same time, suggesting that other parameters should be considered in the

forecasting of the three Tokai prefectures.

To address this issue, I re-clustered the road recovery of municipalities in the Tohoku region

by separating coastal areas and inland areas. I found that municipalities with high coastal

breakwaters, which were not hit by the tsunami, suffered less damage to their roads and

recovered the fastest. In addition, a comparison of previous studies shows that it is the coastal

clusters that were severely affected by the tsunami that recovered most slowly, rather than the

inland heavy snowfall areas, which was more in line with reality. Furthermore, I used stepwise

discriminant analysis to simplify the flow of the model. The road recovery of municipalities in

coastal and inland areas of the Tokai region were predicted separately. The accuracy of the

model improved from 72.4% to 80.0% along the coast and 77.8% inland. Furthermore, the

overall condition of the Tokai region was better matched to the actual situation by increasing

the number of clusters from the previous four to six.

I found characteristics that affect road recovery by classifying vehicle tracking maps in

municipalities after an earthquake. In addition, I identified the influencing factors to create a

database to apply to future predicted post-earthquake road recovery clusters. Based on the

predicted road recovery, I hope to make recommendations for disaster mitigation, such as where

it would be better to set up logistical centers in the event of a disaster. It is hoped that the results

of my research will contribute to future disaster areas.
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Appendix

Table 28 Mean of the clusters when divided into 9 clusters.

Clustersa Mar3w Mardw Apriw Apraw Apriw Aprdw May Jun July Aug Sep
1 Mean 56.52 79.80 87.30 91.49 94.11 96.03 97.09 97.77 98.55 99.22 100.00
M 36 36 36 36 36 36 36 36 36 36 36
Std. Deviation 6.467 5.666 4.547 3.485 2474 1.983 1.713 1.537 1.454 1.204 .0oo
2 Mean 53.93 68.20 754 79.82 834 87.54 9117 5417 96.46 98.06 100.00
M 33 33 33 33 33 33 33 33 33 33 33
Std. Deviation 7.506 5.087 5.254 4.780 4.971 4.987 4.244 4139 3767 2.992 .o0oo
3 Mean 73092 85.09 90.22 93.07 94.80 §5.94 96.96 §8.49 99.05 99.59 100.00
M 26 26 26 26 26 26 26 26 26 26 26
Std. Deviation 453 3.233 3187 3.025 3.018 2.985 2.709 1.756 1.602 912 .o0oo
4 Mean 2716 4539 52.45 57.88 65.57 T4.65 87.3: g2.81 94.52 98.58 100.00
N 10 10 10 10 10 10 10 10 10 10 10
Std. Deviation 16.531 6.238 5473 6.896 6.525 10.133 9.062 8.829 9.122 1.444 .000
5 Mean 39.05 65.46 80.65 87.46 90.07 91.64 94.78 97.26 98.44 99.21 100.00
N 24 24 24 24 24 24 24 24 24 24 24
Std. Deviation 6.941 8.346 6.814 3.665 2.663 2.718 3.025 2.203 1.630 478 .000
[ Mean 33.00 51.95 66.57 T1.16 T6.66 80.86 87.16 92.39 95.55 98.82 100.00
M 15 15 15 15 15 15 15 15 15 15 15
Std. Deviation 10.540 7.734 5.674 5.244 5113 6.833 6.607 3.861 4128 1.190 .000
7 Mean 1231 84.85 87.80 88.90 90.70 9381 96.68 98.39 99.14 99.20 100.00
N 5 5 5 5 5 5 5 8 5 8 5
Std. Deviation 11.848 5115 6.963 5878 7.396 7.150 3.832 2.169 1.166 1.156 000
8 Mean 213 8.66 43.82 49.21 58.65 59.63 71.48 93 96.93 97.44 100.00
N 2 2 2 2 2 2 2 2 2 2 2
Std. Deviation 3.012 6.081 23.818 16.195 7.684 6.793 9.251 4.948 4338 3.624 000
9 Mean .00 .00 .00 .00 .00 30.62 61.08 100.00 100.00 100.00 100.00
N 1 1 1 1 1 1 1 1 1 1 1
Std. Deviation . . . . . . . . . .
Total  Mean 49.38 69.77 78.70 8313 86.47 89.59 93.21 96.15 97.61 98.93 100.00
N 152 152 152 152 152 152 152 152 152 152 152
Std. Deviation 18.724 16.340 13.885 13.2609 12.037 9.857 6.614 4.108 3.630 1.793 000
Table 29 Analysis of variance (ANOVA) of 9 clusters.
sum of
Squares df Mean Square F Sig
Mar3w  Between Groups 43467.929 8 5433.491 a2.018 000
Within Groups §9473.447 143 66.248
Total 52941.377 151
Mardw  Between Groups 35170.644 a 4396.330 | 122.203 .00o
‘Within Groups 5144.519 143 35.976
Total 40315163 151
Apriw  Between Groups 24701.688 g 3087.711 10011 .00o
Within Groups 4410538 143 30.843
Total 29112227 151
Apr2w  Between Groups 23797.627 8 2874703 | 146.304 .000
Within Groups 2807.521 143 20.332
Total 26705148 151
Apraw  Between Groups 19454 699 E 2431.837 | 14354 .000
Within Groups 2422 669 143 16.942
Total 21877.368 161
Aprdw  Between Groups 11518.057 8 1439.757 65.276 .000
Within Groups 3154.051 143 22.056
Total 14672108 151
May Between Groups 4037.705 8 504713 28111 ooo
Within Groups 2567.444 143 17.954
Total 6605.149 151
Jun Between Groups T75.044 8 96.881 7.813 ooo
‘Within Groups 1773.277 143 12.401
Total 254831 151
July Between Groups 324.498 g 40.562 3.484 .0m
Within Groups 1665.084 143 11.644
Total 1989.582 151
Aug Between Groups 48.301 8 6.038 1.976 .054
Within Groups 437.036 143 3.056
Total 485,338 151
Sep Between Groups .000 g .000
Within Groups .000 143 .000
Total .000 151
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Table 30 Mean of the clusters when divided into 8 clusters.

Clustersg Mar3w Mardw Apriw Apraw Apraw Aprdw May Jun July Aug Sep
1 Mean 56.52 79.80 87.30 91.49 4.1 96.03 a7.09 97.77 98.55 99.22 100.00
M 36 36 36 36 36 36 36 36 36 36 36
Std. Deviation 6.467 5.666 4547 3485 2474 1.983 1.713 1.537 1.454 1.204 .000
2 Mean 5393 68.20 7541 79.82 8341 87.54 9117 9417 96.46 98.06 100.00
M 33 33 33 33 33 33 33 33 33 33 33
Std. Deviation 7.508 5.087 5.254 4780 4.871 4.987 4244 4139 3767 2.982 .000
3 Mean 7392 8599 80.22 93.07 94.80 9594 96.96 98.49 99.05 99.59 100.00
M 26 26 26 26 26 26 26 26 26 26 26
Std. Deviation 4531 3.233 3.187 3.025 3018 2985 2709 1.756 1.602 912 .000
4 Mean 30.66 48.33 60.82 65.85 72.23 78.38 gr.22 92.56 9513 98.73 100.00
M 25 25 25 25 25 25 25 25 25 25 25
Std. Deviation 13.258 7.762 8.938 8.827 7.870 B8.681 7.501 6.162 6.435 1.273 .000
5 Mean 39.05 65.46 B0.65 B7.46 90.07 91.64 9478 97.26 98.44 99.21 100.00
M 24 24 24 24 24 24 24 24 24 24 24
Std. Deviation 6.941 8.346 6.814 3665 2663 2716 3.025 2.203 1.630 978 .000
6 Mean 1231 84.85 87.80 88.90 90.70 93.81 96.68 98.39 99.14 99.20 100.00
M 5 5 5 5 5 5 5 5 5 5 5
Std. Deviation 11.848 5115 6.963 5878 7.396 7.150 3.832 2169 1.166 1.156 .000
7 Mean 213 .66 4382 48.21 58.65 59.63 7148 93.31 96.93 97.44 100.00
M 2 2 2 2 2 2 2 2 2 2 2
Std. Deviation 3012 6.081 23818 16.195 7.684 6793 9.251 4.948 4.338 3.624 .000
8 Mean .00 .00 .00 .00 .00 3062 61.08 100.00 100.00 100.00 100.00
M 1 1 1 1 1 1 1 1 1 1 1
Std. Deviation . . . . . . . . . . .
Total  Mean 49.38 69.77 7870 8313 BE.4T 89.59 931 9615 97.61 98.93 100.00
M 152 152 152 152 152 152 152 152 152 152 152
Std. Deviation 18.724 16.340 13.885 13.299 12.037 9.857 6.614 4108 3.630 1.793 .000

Table 31 Analysis of variance (ANOVA) of 8 clusters.

Sum of
Squares df Mean Square F Sig.
Mar3w  Between Groups 43263.246 7 6180.464 91.959 .0o0
Within Groups 9678130 144 67.209
Total 52941.377 151
Mardw  Between Groups 34812356 7 4987.479 | 132,930 .0o0
Within Groups 5402.806 144 37.519
Total 40315163 151
Apriw  Between Groups 23504.402 7 3357.772 86.222 000
Within Groups 5607.825 144 38.943
Total 29112227 151
Apr2w  Between Groups 22740.749 7 3248678 | 118.003 000
Within Groups 3964.400 144 2753
Total 26705.148 151
Apraw  Between Groups 18717.450 7 2673921 121.853 .0o0
Within Groups 3159918 144 21.944
Total 21877.368 151
Aprdw  Between Groups 11286.998 7 1612.428 68.591 000
Within Groups 3385110 144 23.508
Total 14672108 151
May Between Groups 4037.561 7 576.794 32.349 000
Within Groups 2567.588 144 17.830
Total 6605149 151
Jun Between Groups 7734872 7 110.567 8.973 .0oo
Within Groups 1774.349 144 12.322
Total 2548321 151
July Between Groups 318130 7 45447 3915 001
Within Groups 1671.452 144 11.607
Total 1989.582 151
Aug Eetween Groups 47.961 7 6.852 2.256 .033
Within Groups 437.377 144 3.037
Total 485338 151
Sep Between Groups .ooon 7 .ooo
Within Groups .0oo 144 .000
Total .000 151
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Table 32 Mean of the clusters when divided into 7 clusters.

Ward Method Maraw Mardw Apriw Apraw Apraw Aprdw May Jun July Aug Sep
1 Mean 56.52 79.80 87.30 91.49 9411 96.03 97.09 9v.77 98.55 99.22 100.00
& 36 36 36 36 36 36 36 36 36 36 36
Std. Deviation 6.467 5.666 4.547 3.485 2474 1.983 1.713 1.537 1.454 1.204 .000
2 Mean 53.93 68.20 75.41 79.82 8341 87.54 9117 9417 96.46 98.06 100.00
M 33 33 33 33 33 33 33 33 33 33 33
Std. Deviation 7.508 5.087 5.254 4.780 4.871 4.987 4.244 4139 3767 2.892 .000
3 Mean 7392 85.99 90.22 93.07 94.80 95.94 96.96 98.49 99.05 99.59 100.00
M 26 26 26 26 26 26 26 26 26 26 26
Std. Deviation 4531 3.233 3187 3.025 3018 2.985 2709 1.756 1.602 812 .000
4 Mean 30.66 49.33 60.92 65.85 7223 7838 87.22 9256 9513 98.73 100.00
& 25 25 25 25 25 25 25 25 25 25 25
Std. Deviation 13.259 7.762 8.938 8.827 7.870 8.681 7.501 6.162 6.435 1.273 .000
5 Mean 3444 63.80 a1.88 ar.7m a0.18 92.02 a5.11 97.45 98.56 99.21 100.00
& 29 29 28 29 28 29 28 29 28 29 28
Std. Deviation 12.856 10.796 7.254 4.034 3702 3.749 3.186 2.202 1.565 988 .000
G Mean 213 8.66 4382 49.21 58.65 5963 71.48 93.31 96.93 97.44 100.00
M 2 2 2 2 2 2 2 2 2 2 2
Std. Deviation a2 6.081 23818 16.195 7.684 6.793 9.251 4.943 4338 3.624 .000
7 Mean .00 .00 .00 .00 .00 30.62 61.08 100.00 100.00 100.00 100.00
& 1 1 1 1 1 1 1 1 1 1 1
Std. Deviation . . . . . . . . . . .
Total  Mean 49.38 69.77 78.70 83.13 86.47 89.59 9321 96.15 a7.61 98.93 100.00
& 152 152 152 152 152 152 162 152 152 152 152
Std. Deviation 18.724 16.340 13.885 13.299 12.037 9.857 6.614 4.108 3.630 1.793 .000
Table 33 Analysis of variance (ANOVA) of 7 clusters.
Sum of
Squares df Mean Square F Sig.
Mar3w  Between Groups 40304.849 6 B717.475 77.081 .000
Within Groups 12636.527 145 a7.148
Total 52841377 151
Mardw  Between Groups 33355.670 B 55509.278 | 115827 .000
Within Groups £959.493 145 47.997
Total 40315163 151
Apriw  Between Groups 23202884 6 38B2.147 96.731 .000
Within Groups 5819.342 145 40133
Total 29112.227 151
Apr2w  Between Groups 22732175 6 37BB.GIE | 13B.275 .000
Within Groups 3972.873 145 27.400
Total 26705.148 151
Apr3w  Between Groups 18715.801 6 3119.300 143.062 .000
Within Groups 3161.567 145 21.604
Total 21877.368 151
Aprdw  Between Groups 11267.624 6 1877.937 79.983 .000
Within Groups 3404.484 145 23.479
Total 14672108 151
May Between Groups 4022.665 G 670.444 37.644 .000
Within Groups 2582.484 145 17.810
Total 6605.149 151
Jun Between Groups 768.608 6 128101 10.437 .000
Within Groups 1779.713 145 12,274
Total 2548.31 151
July Between Groups 316.120 G 52.687 4.565 .000
Within Groups 1673.463 145 11.541
Total 1989582 151
Aug Between Groups 478960 6 7.883 2650 018
Within Groups 437.377 145 3018
Total 485338 151
Sep Between Groups .ooo [ .ooo
Within Groups .ooo 145 .000
Total .000 151
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Table 34 Mean of the clusters when divided into 6 clusters.

Ward Method Maraw Mardw Apriw Apraw Apraw Aprdw May Jun July Aug Sep
1 Mean 63.81 82.40 88.53 9215 94.40 9599 97.03 98.07 98.76 99.38 100.00
M 62 62 62 62 62 62 62 62 62 62 62
Std. Deviation 10.362 5674 4.259 3.367 2713 241 2167 1.658 1.625 1.098 000
2 Mean 53.93 68.20 75.41 79.82 8341 87.54 9117 9417 96.46 98.06 100.00
M 33 33 33 33 33 33 33 33 33 33 33
Std. Deviation 7.506 5.087 5.254 4780 44971 4.987 4244 4139 3767 2.992 000
3 Mean 30.66 49.33 60.92 65.85 7223 78.38 87.22 92.56 9513 98.73 100.00
M 25 25 25 25 25 25 25 25 25 25 25
Std. Deviation 13.254 7.762 8.938 8.827 7.870 8.681 7.501 6.162 6.435 1.273 000
4 Mean 34.44 68.80 81.88 a7.71 9018 9202 9511 97.45 98.56 98.21 100.00
M 29 29 29 29 29 29 29 28 28 29 29
Std. Deviation 12.856 10.796 7.254 4034 3702 3.749 3186 2202 1.565 488 000
5 Mean 213 8.66 4382 49.21 58.65 59.63 71.48 93 96.93 97.44 100.00
M 2 2 2 2 2 2 2 2 2 2 2
Std. Deviation 3.012 6.081 23818 16.195 7.684 6.793 9.251 4943 4338 3.624 000
G Mean .00 .00 .00 .00 .00 3062 61.08 100.00 100.00 100.00 100.00
M 1 1 1 1 1 1 1 1 1 1 1
Std. Deviation . . . . . . . . . . .
Total  Mean 4938 69.77 78.70 8313 86.47 89.59 93 96.15 a7.61 98.93 100.00
N 152 152 152 152 152 152 152 152 152 152 152
Std. Deviation 18.724 16.340 13.885 13.289 12.037 9.857 6.614 4108 3.630 1.793 000
Table 35 Analysis of variance (ANOVA) of 6 clusters.
Sum of
Squares df Mean Square F 3ig.
Mar3w  Between Groups 35732190 ] T146.438 60.629 .000
Within Groups 17209187 146 117.871
Total 52941377 151
Mardw  Between Groups 32776467 5 6556.293 | 126.955 .000
Within Groups 7538.696 146 51.635
Taotal 40315163 161
Apriw  Between Groups 23164241 5 4632.848 | 113.718 .000
Within Groups 5947 086 146 40.740
Tatal 29112.227 151
Apr2w  Between Groups 22694.492 5 4538.898 | 165.230 .000
Within Groups 4010.656 146 27.470
Taotal 26705.148 151
Apraw  Between Groups 18708.634 5 3TTIT [ 172401 000
Within Groups 3168.734 146 21.704
Taotal 21877.368 151
Aprdw  Between Groups 11267.488 5 2253.498 96.637 .0oo
Within Groups 3404619 146 23319
Tatal 14672.108 151
fay Between Groups 4022432 5 804.486 45,477 .000
Within Groups 2582717 146 17.690
Total 6605.149 151
Jun Between Groups 760.690 5 152.138 12.425 .000
Within Groups 1787.631 146 12.244
Taotal 2548321 161
July Between Groups 312,376 5 62.475 5.438 .000
Within Groups 1677.206 146 11.488
Tatal 1989.582 151
Aug Between Groups 45075 5 9195 3.056 012
Within Groups 439.363 146 3.009
Taotal 485338 151
Sep Between Groups .0oo ] o]
Within Groups 000 146 .0on
Total 000 151
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Table 36 Mean of the clusters when divided into 4 clusters.

Ward Method Mar3w Mardw Apriw Apriw Apraw Aprdw May Jun July Aug Sep
1 Mean 63.81 8240 8853 9215 94 .40 95499 97.03 §8.07 98.76 99.38 100.00
M 62 62 62 62 62 62 62 62 62 62 62
Std. Deviation 10.362 5674 4.259 3.367 2713 243 2467 1.658 1.5258 1.098 .ooo
2 Mean 44.81 68.48 78.44 83.51 86.58 89.63 93.01 6571 97.44 98.60 100.00
M 62 62 62 62 62 62 62 62 62 62 62
Std. Deviation 14194 8.185 7.016 5934 5.585 4.956 4.246 3.734 3113 2.340 .ooo
3 Mean 30.66 49.33 60.92 65.85 72.23 78.38 87.22 92.56 9513 98.73 100.00
M 25 25 25 25 25 25 25 25 25 25 25
St Deviation 13.259 T7.762 8.938 8.827 7.870 8.681 T.501 6.162 6.435 1.273 .ooo
4 Mean 1.42 5.78 29.22 3zs 3910 49.96 G68.01 95.54 97.96 95.29 100.00
M 3 3 3 3 3 3 3 3 3 3 3
Std. Deviation 2.459 6.597 30.395 30.635 34.295 17.424 8.880 5.210 3.542 2959 .ooo
Total Mean 49.38 69.77 78.70 8313 86.47 89.59 93 96.15 97.61 98.93 100.00
M 152 152 152 152 152 152 152 152 152 152 152
std. Deviation | 18724 | 16340 | 13885 | 13299 | 12037 9857 6614 4108 3.630 1.793 000
Table 37 Analysis of variance (ANOVA) of 4 clusters.
Sum of
Sguares df Mean Square F Sig.
Mar3w  Between Groups 298659.708 3 HO56.569 f3.8649 .ona
Within Groups 23071.668 148 1558490
Total 52841 377 151
Mardw  Between Groups 32720816 3 10906972 | 212.560 .ooa
Within Groups 7594247 148 51.312
Total 40315163 151
Apriw  Between Groups 21237.9149 3 FO79.306 | 133.058 000
Within Groups TBT74.307 148 A3.204
Total 28112.227 151
Apr2w  Between Groups 20118.697 3 6706232 | 150692 000
Within Groups G586.451 148 44,503
Total 26705.148 151
Apraw  Between Groups 15707.232 3 A235 744 | 125587 .ooa
Within Groups 6170.136 148 41 690
Total 21877 368 151
Aprdw  Between Groups 103597301 3 3466 76T | 118.580 .00a
Within Groups 4274807 148 28.884
Total 14672108 151
May Between Groups 3A710.879 3 1236.960 G3.253 .00o
Within Groups 2884270 148 18 556
Total 6605149 151
Jun Between Groups 564650 3 188.217 14.043 oo
Within Groups 1883.671 148 13.403
Total 2548.31 151
July Between Groups 237 680 3 78227 6653 000
Within Groups 1751.902 148 11.837
Total 1889.582 151
Aug Between Groups 21.390 3 7130 2274 oaz
Within Groups 4G3.948 148 3135
Total 485338 151
Sep Between Groups ooo 3 .0oo
Within Groups .0on 148 .0on
Total .oon 151
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Table 38 Mean of the clusters when divided into 3 clusters.

Clusters3 Mar3w Mardw Apriw Apraw Apraw Aprdw May Jun July Alg Sep

1 Mean 63.81 82.40 8B.53 9215 94.40 95.99 97.03 98.07 98.76 99.38 100.00
M 62 62 62 62 62 62 62 62 62 62 62
Std. Deviation 10.362 5674 4259 3367 2713 2431 2167 1.658 1625 1.098 .000

2 Mean 44.81 68.48 TB.44 83.51 86.58 89.63 93.01 95.71 97.44 98.60 100.00
M 62 62 62 62 62 62 62 62 62 62 62
Std. Deviation 14194 8195 7.016 5.934 5.555 4.956 4.246 3734 3113 2.340 .000

3 Mean 27.53 44 66 57.53 62.31 68.68 75.33 B5.16 92.88 95.44 98.68 100.00
M 28 28 28 28 28 28 28 28 28 28 28
Std. Deviation 15.542 15.650 15.466 15718 15.844 13.022 9.615 6.054 6.207 1452 .000

Total  Mean 49.38 69.77 TB.70 8313 86.47 89.59 9321 96.15 97.61 98.93 100.00
M 152 152 152 152 152 152 152 152 152 152 152
Std. Deviation 18.724 16.340 13.885 13.299 12.037 9.857 6.614 4108 3.630 1.793 .000

Table 39 Analysis of variance (ANOVA) of 3 clusters.

Sum of
Squares df Mean Square F Sig.
Mar3dw  Between Groups 27579 406 2 137859.703 81.014 .00a
Within Groups 25361.971 1449 170.215
Total 52941.377 151
Mardw  Between Groups 27640813 2 13820407 | 162473 000
Within Groups 12674.350 1449 85.063
Total 40315163 151
Apriw  Between Groups 18545133 2 G272 566 | 130747 000
Within Groups 10567.094 1449 70.920
Total 2911222 151
Apr2w  Between Groups 171956.064 2 B5ET.533 | 134703 .0oo
Within Groups 9510.083 1449 G3.826
Total 26705148 151
Apriaw  Between Groups 12768214 2 6384107 | 104.426 000
Within Groups 91008.154 1449 61.135
Total 21877.368 151
Aprdw  Between Groups 8234770 2 4117.385 95,302 .000
Within Groups G437.338 1449 43.204
Total 14672108 151
May Between Groups 2722.914 2 1361.458 52.253 .0oo
Within Groups 3882.230 1449 26.055
Total GE05.149 151
Jun Between Groups 540,771 2 270.385 20.068 .0oo
Within Groups 2007.551 1449 13.473
Total 254831 151
July Between Groups 216.357 2 108178 8.090 000
Within Groups 1773.22 1449 11.901
Total 15980.582 151
Aug Between Groups 20884 2 10.442 3.3580 038
Within Groups 464.454 1449 ang
Total 485338 151
Sep Between Groups .000 2 000
Within Groups .0on 1449 .aoo
Total .000 151
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Table 40 Mean of the clusters when divided into 2 clusters.

Clusters? Maraw Mardw Apriw Apraw Apriw Apridw May Jun July Alg Sep

1 Mean 54.31 75.44 83.48 87.83 90.49 92.81 95.02 96.89 4810 98.99 100.00
N 124 124 124 124 124 124 124 124 124 124 124
Std. Deviation 15.626 9.903 7.685 6.473 5.865 5.030 3917 3112 2529 1.862 000

2 Mean 27.53 44,66 57.53 62.31 58.68 75.33 B5.16 9288 95.44 98.68 100.00
M 28 28 28 28 28 28 28 28 28 28 28
Std. Deviation 15542 15650 15.466 16.718 15.844 13.022 9.615 6.054 6.207 1.452 .000

Total  Mean 4838 69.77 78.70 8313 86.47 89.59 93.21 9615 a7 61 98.93 100.00
M 162 152 152 152 152 152 152 152 152 152 152
Std. Deviation 18.724 16.340 13.885 13.299 12.037 9.857 6.614 4.108 3.630 1.793 .000

Table 41 Analysis of variance (ANOVA) of 2 clusters.

Sum of
Squares df Mean Square F Sig.
Mar3w  Between Groups 16387.787 1 16387787 G7.248 .0a0
Within Groups 36553580 150 243691
Total 52941377 151
Mardw  Between Groups 21639777 1 2638777 | 173810 .0oa
Within Groups 18675.386 150 124503
Total 40315163 151
Apriw  Between Groups 153859.693 1 16385693 | 16822 000
Within Groups 13722534 150 91.484
Total 2811222 151
Apr2w  Between Groups 14881.112 1 14881.112 188.782 .ooo
Within Groups 11824.036 150 78.827
Total 26705148 151
Apriaw  Between Groups 10868.718 1 10868.718 | 148093 .000
Within Groups 11008.644 150 73.3591
Total 21877 368 151
Aprdw  Between Groups §981.395 1 G5981.385 | 136,165 .000
Within Groups 7E80.712 150 51.271
Total 14672108 151
May Between Groups 2221557 1 2221.657 76.018 .000
Within Groups 4383542 150 25.224
Total g605.1449 151
Jun Between Groups IGT 542 1 3A6T.542 25281 .0o0
Within Groups 2180.7749 150 14 5349
Total 2548321 151
July Between Groups 162,405 1 162.405 13.332 .00a
Within Groups 1827177 150 12181
Total 1989.582 151
Aug Between Groups 2174 1 2174 675 413
Within Groups 483164 150 3.2
Total 485338 151
Sep Between Groups ooo 1 .ooo
Within Groups .0oo 150 000
Total 000 151

63



Table 42 Collection of actual data on factors affecting road recovery with 152 municipalities in the

Tohoku region (1).

Type of Measuring Priority road Proportion . Roads

Cluster Municipality municip . seismic restoration of important Popula'tlon closed

ality terrain intensity occupancy roads density due to

snow
1 Higashimatsushima- shi 2 1 5.5 0.02 0.03 421 0
1 Iwanuma-shi 2 1 59 0.01 0.01 728 0
1 Kakuda-shi 2 2 5.8 0.00 0.02 212 0
1 Matsushima-machi 2 2 5.7 0.03 0.06 279 0
1 Misato-machi 2 2 5.5 0.01 0.02 336 0
1 Murata-machi 1 3 5.4 0.02 0.03 153 0
1 Natori-shi 1 1 6.1 0.01 0.02 731 0
1 Ogawara-machi 2 1 5.6 0.01 0.01 941 0
1 Ohira-mura 2 2 6 0.02 0.04 89 0
1 Osato-cho 2 2 5.6 0.00 0.00 109 0
1 Rifu-cho 1 2 5.6 0.00 0.05 760 0
1 Sendai-shi, Aoba-ku 1 2 55 0.00 0.03 964 0
1 Sendai-shi, Izumi-ku 1 2 5.8 0.01 0.02 1440 0
1 Sendai-shi, Miyagino-ku 1 1 5.5 0.01 0.02 3278 0
1 Sendai-shi, Taihaku-ku 1 3 54 0.01 0.03 967 0
1 Sendai-shi, Wakabayashi-ku 1 1 5.8 0.01 0.02 2735 0
1 Shibata-machi 2 2 5.4 0.01 0.01 729 0
1 Shichigahama-machi 1 1 5.4 0.00 0.00 1539 0
1 Shiogama-shi 2 1 6 0.02 0.02 3163 0
1 Tagajo-shi 1 1 5.3 0.01 0.02 3209 0
1 Taiwa-cho 1 3 5.5 0.01 0.02 110 0
1 Tome-shi 2 2 5.5 0.01 0.04 157 1
1 Tomiya-machi 1 2 5.5 0.02 0.04 958 0
1 Watari-cho 2 1 5.5 0.00 0.03 476 0
1 Katsurao-mura 2 3 5.4 0.00 0.04 18 0
1 Kawauchi-mura 1 3 5.5 0.00 0.04 14 0
1 Soma-shi 2 2 5.7 0.01 0.04 191 0
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Table 43 Collection of actual data on factors affecting road recovery with 152 municipalities in the

Tohoku region (2).

Type of Measuring Priority road Proportion . Roads

Cluster Municipality municip . seismic restoration of important Popula'tlon closed

ality terrain intensity occupancy roads density due to

snow
1 Iwaki-shi 1 2 5.5 0.01 0.04 278 0
1 Date-shi 1 1 5.5 0.01 0.03 249 0
1 Fukushima-shi 1 2 5.5 0.02 0.04 381 0
1 Kori-machi 1 2 5.7 0.02 0.02 299 0
1 Kagamiishi-machi 2 1 6 0.03 0.04 410 0
1 Koriyama-shi 1 2 5.5 0.01 0.03 447 0
1 Miharu-machi 1 1 5.1 0.01 0.03 250 0
1 Motomiya-shi 1 1 5.5 0.01 0.02 358 0
1 Ono-machi 1 1 5.5 0.00 0.06 90 0
1 Sukagawa- shi 1 1 5.5 0.01 0.02 284 0
1 Asakawa-machi 2 1 5.6 0.00 0.02 184 0
1 Hirata-mura 1 1 53 0.02 0.03 74 0
1 Ishikawa-machi 2 1 5.1 0.00 0.01 154 0
1 I[zumizaki-mura 2 1 5.3 0.02 0.02 192 0
1 Nakajima-mura 2 1 5.8 0.00 0.00 273 0
1 Nishigo-mura 2 2 5.5 0.01 0.03 103 0
1 Shirakawa-shi 2 2 5.5 0.02 0.03 212 0
1 Tamakawa-mura 2 2 5.5 0.00 0.01 155 0
1 Tanagura-machi 2 2 55 0.01 0.03 94 0
1 Yabuki-machi 2 1 5.6 0.01 0.01 305 0
1 Yamatsuri-machi 2 2 5.5 0.00 0.09 54 0
! Kitakani-shi 1 1 54 0.02 0.03 213 2
! Kawai-mura 1 4 4.7 0.05 0.08 6 0
! Otsuchi-cho 2 3 33 0.02 0.02 76 0
! Daitou-cho 2 2 5 0.03 0.05 55 1
! Oono-mura 2 3 41 0.04 0.04 40 0
! Maesawa-cho 2 1 55 0.02 0.02 201 0
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Table 44 Collection of actual data on factors affecting road recovery with 152 municipalities in the

Tohoku region (3).

. - . Roads

Cluster Municipality i)l]ll:ljc?; Type _Of Msf;: ll::cn ‘ Prre“s):(l)t:,a:i(:ild olf)li?rl::or::zzt Popula'tion closed

ality terrain intensity occupancy roads density due to

snow
! Yamada-machi 2 3 33 0.03 0.04 71 0
! Morioka-shi 1 2 33 0.02 0.03 581 2
! Ishidoriya-cho 2 2 5 0.01 0.02 132 0
! Yahaba-cho 1 1 57 0.01 0.02 404 0
! Takizawa-mura 1 1 5.6 0.02 0.04 295 0
! Mizuzawa-shi 2 1 33 0.02 0.04 580 0
! Taneichi-machi 2 3 42 0.03 0.03 74 0
! Sumita-cho 2 3 5.1 0.03 0.08 18 2
2 Ishinomaki-shi 2 2 53 0.02 0.03 289 0
2 Kesennuma-shi 2 3 53 0.02 0.03 220 0
2 Osaki-shi 2 3 53 0.01 0.04 170 2
2 Wakuya-cho 2 2 6 0.02 0.03 213 0
2 Zao-machi 2 3 6 0.02 0.03 84 1
2 Titate-mura 2 3 5.5 0.00 0.03 27 0
2 Kawamata-machi 1 3 5.5 0.04 0.06 122 0
2 Nihonmatsu-shi 1 2 53 0.02 0.03 174 0
2 Tenei-mura 1 3 6.2 0.00 0.06 28 0
2 Furudono-machi 1 3 53 0.00 0.04 37 0
2 Hanawa-machi 2 3 4.9 0.01 0.04 47 0
2 Samegawa-mura 1 3 4.7 0.05 0.09 30 0
2 Aizuwakamatsu-shi 1 2 53 0.00 0.04 330 0
2 Inawashiro-machi 1 3 5.3 0.00 0.05 40 0
2 Kitakata-shi 2 3 53 0.00 0.03 94 0
2 Yugawa-mura 2 1 5.4 0.00 0.05 206 0
2 Kawasaki-mura 2 3 5.1 0.03 0.03 97 0
2 Ofunato-shi 2 3 53 0.03 0.05 176 1
2 Higasiyama-cho 2 3 5.1 0.02 0.01 82 1
2 Ninohe-shi 2 3 53 0.02 0.02 102 0
2 Kamaishi-shi 2 3 53 0.04 0.05 90 2
2 Miyako-shi 2 3 53 0.02 0.03 142 0
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Table 45 Collection of actual data on factors affecting road recovery with 152 municipalities in the

Tohoku region (4).

Type of Measuring Priority road Proportion . Roads

Cluster Municipality municip . seismic restoration of important Popula'tlon closed

ality terrain intensity occupancy roads density due to

snow
2 Miyamori-mora 2 3 5 0.06 0.10 30 0
2 Hanamaki-shi 1 2 52 0.01 0.02 177 2
2 Hanaizumi-cho 2 3 5.6 0.00 0.04 108 0
2 Esashi-shi 1 3 54 0.00 0.03 88 0
2 Kanegasaki-cho 1 2 52 0.01 0.01 91 0
2 Kunohe-mura 2 3 4.4 0.01 0.07 49 1
2 Nishine-cho 2 2 53 0.01 0.02 99 1
2 Ichinohe-machi 2 3 4.8 0.04 0.04 47 1
2 Tamayama-mura 1 3 5.3 0.03 0.03 36 0
2 Sawauchi-mura 1 3 53 0.00 0.00 11 1
2 Shiwa-cho 1 2 49 0.01 0.03 139 1
3 Kami-machi 2 4 4.77 0.00 0.03 55 0
3 Marumori-machi 2 3 4.77 0.00 0.03 57 0
3 Minamisanriku-cho 2 4 5.6 0.05 0.06 106 0
3 Shichikashuku-machi 2 4 5 0.00 0.08 6 2
3 Shikama-cho 2 3 5.4 0.00 0.01 68 0
3 Aizumisato-machi 2 3 4.77 0.00 0.03 82 3
3 Mishima-machi 2 4 34 0.00 0.12 21 3
3 Bandai-machi 2 3 52 0.00 0.02 63 3
3 Kitashiobara-mura 2 4 4.2 0.00 0.07 14 3
3 Showa-mura 2 4 3.7 0.00 0.16 7 3
3 Minamiaizu-machi 2 4 4.77 0.00 0.09 20 3
3 Shimogo-machi 2 4 4.77 0.00 0.08 20 3
3 Ohasama-machi 1 3 4.77 0.00 0.02 29 2
3 Isawa-cho 2 3 4.71 0.00 0.03 57 1
3 Towa-cho 1 3 53 0.01 0.03 67 0
3 Joubouji-cho 2 4 49 0.02 0.03 28 0
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Table 46 Collection of actual data on factors affecting road recovery with 152 municipalities in the

Tohoku region (5).

Type of Measuring Priority road Proportion . Roads

Cluster Municipality municip . seismic restoration of important Popula'tlon closed

ality terrain intensity occupancy roads density due to

snow
3 Kuji-shi 2 4 4.6 0.04 0.04 102 0
3 Yamagata-mura 2 4 39 0.04 0.04 11 1
3 Matsuo-mura 2 3 4.77 0.02 0.04 26 3
3 Tanohata-mura 2 4 477 0.04 0.05 25 0
3 Iwaizumi-cho 1 4 42 0.04 0.06 11 2
3 Iwate-machi 2 3 4.7 0.02 0.02 42 0
3 Noda-mura 2 3 4.9 0.02 0.02 57 1
3 Koromogawa-mura 2 3 5.5 0.01 0.00 32 0
3 Tono-shi 2 3 5.3 0.02 0.04 37 4
4 Kawasaki-machi 1 2 6.2 0.00 0.09 37 1
4 Kurihara-shi 2 2 5.38 0.02 0.04 93 3
4 Onagawa-cho 2 3 5.38 0.06 0.06 153 0
4 Shiroishi-shi 2 2 5.6 0.02 0.05 131 0
4 Yamamoto-cho 2 1 6 0.00 0.03 259 0
4 Hirono-machi 1 3 5.38 0.00 0.08 93 0
4 Minamisoma- shi 2 3 5.38 0.00 0.02 178 0
4 Shinchi-machi 2 3 6.1 0.00 0.04 177 0
4 Kunimi-machi 2 3 6.3 0.03 0.04 266 0
4 Otama-mura 1 3 5.38 0.02 0.02 108 0
4 Tamura-shi 1 3 5.38 0.01 0.03 88 0
4 Aizubange-machi 2 3 53 0.00 0.03 189 0
4 Nishiaizu-machi 2 3 4.7 0.00 0.08 25 0
4 Yanaizu-machi 2 3 5.38 0.00 0.04 23 0
4 Asiro-cho 2 3 5.38 0.04 0.09 13 0
4 Kuzumaki-machi 2 3 5.38 0.04 0.07 17 2
4 Rikuzentakata-shi 2 3 538 0.03 0.04 100 0
4 Shizukuishi-cho 1 2 46 0.00 0.01 30 3
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Table 47 Collection of actual data on factors affecting road recovery with 152 municipalities in the

Tohoku region (6).
. - . Roads
- Type.e (,)f Type of Mezfsur.'mg Priority r'oad Pl:opomon Population  closed
Cluster Municipality municip . seismic restoration of important R
. terrain . . density due to
ality intensity occupancy roads
snow
4 Hiraizumi-cho 2 2 53 0.02 0.03 132 0
4 Fudai-mura 2 3 53 0.04 0.05 44 1
4 Senmaya-cho 2 2 5.8 0.02 0.04 129 0
4 Karumai-machi 2 3 46 0.05 0.06 2 0
4 Sanriku-cho 2 3 5.38 0.03 0.04 58 0
4 Murone-mura 2 3 5.5 0.03 0.03 55 1
4 Yuda-machi 1 3 5.38 0.04 0.09 11 1
4 Fujisawa-cho 2 2 5.6 0.00 0.03 73 1
4 Tarou-cho 2 3 47 0.05 0.05 43 0
4 Niisato-mura 2 3 5.38 0.03 0.09 13 1
4 Ichinoseki-shi 2 2 5.8 0.02 0.05 127 1
5 Kaneyama-machi 2 3 33 0.00 0.10 8 4
5 Hinoemata-mura 2 3 35 0.00 0.13 2 4
5 Tadami-machi 2 3 3.8 0.00 0.13 7 4

69



Table 48 Full Database of the Tohoku region (1).

Coser Ny D0t T Dl Dy, ot e
1 Higashimatsushima- shi 2 4.80 394 11.75 101.86 1 0.97
1 Iwanuma-shi 2 4.18 340 12.74 60.71 1 0.80
1 Kakuda-shi 2 4.17 329 7.80 147.58 2 0.67
1 Matsushima-machi 2 4.65 377 9.23 54.04 2 0.80
1 Misato-machi 2 5.03 396 10.62 75.06 2 1.00
1 Murata-machi 1 4.20 344 9.40 78.41 3 0.23
1 Natori-shi 1 4.25 345 13.43 100.07 1 0.66
1 Ogawara-machi 2 4.27 340 14.35 25.01 1 0.72
1 Ohira-mura 2 4.85 391 7.83 60.19 2 0.42
1 Osato-cho 2 4.67 380 7.13 82.02 2 0.66
1 Rifu-cho 1 4.52 368 12.93 44.75 2 0.42
1 Sendai-shi, Aoba-ku 1 4.93 381 7.61 302.27 2 0.04
1 Sendai-shi, Izumi-ku 1 4.73 380 12.75 146.61 2 0.16
1 Sendai-shi, Miyagino-ku 1 4.45 359 18.45 58.1 1 0.93
1 Sendai-shi, Taihaku-ku 1 4.70 373 8.16 228.18 3 0.13
1 Sendai-shi, Wakabayashi-ku 1 433 354 17.49 48.38 1 1.00
1 Shibata-machi 2 433 343 14.13 53.98 2 0.70
1 Shichigahama-machi 1 4.60 368 16.86 13.27 1 1.00
1 Shiogama-shi 2 4.57 365 19.88 17.86 1 0.81
1 Tagajo-shi 1 4.45 362 22.25 19.65 1 1.00
1 Taiwa-cho 1 4.78 384 4.86 225.59 3 0.24
1 Tome-shi 2 4.40 434 5.94 536.38 2 0.62
1 Tomiya-machi 1 4.72 381 13.10 49.13 2 0.46
1 Watari-cho 2 4.18 331 12.84 73.21 1 0.89
1 Katsurao-mura 2 4.37 346 2.28 84.37 3 0.00
1 Kawauchi-mura 1 3.48 264 2.32 197.35 3 0.00
1 Soma-shi 2 3.78 303 7.99 197.79 2 0.49
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Table 49 Full Database of the Tohoku region (2).

Coser Ny D0t T Dl Dy, ot e
1 Iwaki-shi 1 2.77 215 6.11 1232.02 2 0.22
1 Date-shi 1 3.87 309 7.65 265.12 1 0.11
1 Fukushima-shi 1 3.73 289 6.64 767.72 2 0.00
1 Kori-machi 1 3.82 306 11.00 42.97 2 0.09
1 Kagamiishi-machi 2 2.85 226 15.29 31.3 1 0.00
1 Koriyama-shi 1 3.15 248 7.67 757.2 2 0.00
1 Miharu-machi 1 3.30 266 11.68 72.76 1 0.00
1 Motomiya-shi 1 3.25 258 11.00 88.02 1 0.00
1 Ono-machi 1 3.05 244 4.98 125.18 1 0.00
1 Sukagawa-shi 1 2.93 231 10.64 279.43 1 0.00
1 Asakawa-machi 2 3.13 231 9.00 3743 1 0.00
1 Hirata-mura 1 3.07 240 5.94 93.42 1 0.00
1 Ishikawa-machi 2 3.02 235 9.46 115.71 1 0.00
1 [zumizaki-mura 2 2.87 218 11.79 35.43 1 0.00
1 Nakajima-mura 2 2.92 227 12.97 18.92 1 0.00
1 Nishigo-mura 2 2.62 204 5.74 192.06 2 0.00
1 Shirakawa-shi 2 2.67 205 8.25 305.32 2 0.00
1 Tamakawa-mura 2 2.90 228 10.96 46.67 2 0.00
1 Tanagura-machi 2 3.10 226 421 159.93 2 0.00
1 Yabuki-machi 2 2.83 221 14.66 60.4 1 0.00
1 Yamatsuri-machi 2 2.72 183 2.89 118.27 2 0.00
1 Kitakami-shi 1 6.03 494 7.19 437.55 1 0.00
1 Kawai-mura 1 7.33 589 1.50 563.07 4 0.00
1 Otsuchi-cho 2 6.87 551 2.17 200.47 3 0.07
1 Daitou-cho 2 6.02 473 3.04 278.71 2 0.00
1 Oono-mura 2 8.13 655 3.08 134.65 3 0.00
1 Maesawa-cho 2 5.85 475 12.28 72.34 1 0.41
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Table 50 Full Database of the Tohoku region (3).

Coser Ny D0t T Dl Dy, ot e
1 Yamada-machi 2 7.08 566 2.75 263.4 3 0.10
1 Morioka-shi 1 6.65 540 7.75 489.15 2 0.00
1 Ishidoriya-cho 2 6.37 517 943 118.57 2 0.00
1 Yahaba-cho 1 6.50 531 13.26 67.28 1 0.00
1 Takizawa-mura 1 6.65 544 7.21 182.32 1 0.00
1 Mizuzawa-shi 2 5.82 575 14.16 96.92 1 0.42
1 Taneichi-machi 2 8.28 666 4.74 168.51 3 0.10
1 Sumita-cho 2 6.37 510 2.17 334.83 3 0.00
2 Kawasaki-machi 1 4.42 358 3.55 270.8 2 0.00
2 Kurihara-shi 2 5.18 421 4.85 804.93 2 0.32
2 Onagawa-cho 2 5.27 416 4.70 65.8 3 0.27
2 Shiroishi-shi 2 4.17 326 5.18 286.47 2 0.06
2 Yamamoto-cho 2 4.07 323 12.01 64.48 1 0.75
2 Hirono-machi 1 3.00 241 3.44 58.69 3 0.21
2 Minamisoma-shi 2 3.63 290 7.38 398.58 3 0.46
2 Shinchi-machi 2 3.95 315 12.11 46.7 3 0.66
2 Kunimi-machi 2 3.85 309 12.19 37.95 3 0.08
2 Otama-mura 1 3.32 261 6.29 79.44 3 0.00
2 Tamura-shi 1 3.28 260 5.39 458.33 3 0.00
2 Aizubange-machi 2 3.90 308 9.65 91.59 3 0.00
2 Nishiaizu-machi 2 4.45 329 2.75 298.18 3 0.00
2 Yanaizu-machi 2 433 322 2.35 175.82 3 0.00
2 Asiro-cho 2 6.98 577 2.11 457.78 3 0.00
2 Kuzumaki-machi 2 7.72 609 1.79 434.99 3 0.00
2 Rikuzentakata-shi 2 6.13 494 5.78 232.19 3 0.17
2 Shizukuishi-cho 1 6.78 555 3.13 609.01 2 0.00
2 Hiraizumi-cho 2 5.68 459 9.80 63.39 2 0.32
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Table 51 Full Database of the Tohoku region (4).

Coser Ny D0t T Dl Dy, ot e
2 Fudai-mura 2 8.00 638 491 69.65 3 0.06
2 Senmaya-cho 2 5.95 466 5.67 89.84 2 0.00
2 Karumai-machi 2 7.77 644 3.53 245.74 3 0.00
2 Sanriku-cho 2 6.48 519 4.08 137.13 3 0.10
2 Murone-mura 2 5.98 473 2.99 97.28 3 0.00
2 Yuda-machi 1 6.42 526 1.56 304.56 3 0.00
2 Fujisawa-cho 2 5.83 453 3.83 122.82 2 0.08
2 Tarou-cho 2 7.77 606 3.42 101.05 3 0.10
2 Niisato-mura 2 7.52 605 1.58 256.29 3 0.01
3 Ishinomaki-shi 2 4.98 402 7.55 555.78 2 0.52
3 Kesennuma-shi 2 5.95 480 6.96 333.37 3 0.23
3 Osaki-shi 2 5.03 405 5.59 796.76 3 0.37
3 Wakuya-cho 2 5.05 399 7.38 82.08 2 0.75
3 Zao-machi 2 4.23 339 5.56 152.85 3 0.04
3 litate-mura 2 3.92 307 2.77 230.13 3 0.00
3 Kawamata-machi 1 3.82 292 5.32 127.7 3 0.00
3 Nihonmatsu-shi 1 3.43 268 7.49 344.42 2 0.00
3 Tenei-mura 1 2.90 226 2.66 225.52 3 0.00
3 Furudono-machi 1 3.10 225 2.89 163.29 3 0.00
3 Hanawa-machi 2 2.93 194 2.99 211.41 3 0.00
3 Samegawa-mura 1 3.12 229 2.99 131.34 3 0.00
3 Aizuwakamatsu-shi 1 3.82 267 7.03 382.97 2 0.00
3 Inawashiro-machi 1 3.52 280 3.71 394.85 3 0.00
3 Kitakata-shi 2 4.07 314 3.77 554.63 3 0.00
3 Yugawa-mura 2 3.80 304 14.60 16.37 1 0.00
3 Kawasaki-mura 2 5.82 457 4.77 42.49 3 0.25
3 Ofunato-shi 2 6.33 508 5.23 186.02 3 0.13
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Table 52 Full Database of the Tohoku region (5).

Cuswr Mgty TP Toc i Doy, Tl o
3 Higasiyama-cho 2 5.83 466 5.15 87.72 3 0.07
3 Ninohe-shi 2 7.65 622 4.70 240.61 3 0.00
3 Kamaishi-shi 2 6.77 541 2.75 441.26 3 0.07
3 Miyako-shi 2 7.38 590 3.82 339.38 3 0.14
3 Miyamori-mora 2 6.60 536 2.90 165.24 3 0.00
3 Hanamaki-shi 1 6.23 509 7.60 385.4 2 0.00
3 Hanaizumi-cho 2 5.48 440 4.65 126.83 3 0.49
3 Esashi-shi 1 5.98 486 6.24 362.5 3 0.08
3 Kanegasaki-cho 1 5.92 484 7.35 179.77 2 0.03
3 Kunohe-mura 2 7.73 638 3.65 134.05 3 0.00
3 Nishine-cho 2 7.43 568 5.54 167.16 2 0.00
3 Ichinohe-machi 2 7.57 624 3.56 300.26 3 0.00
3 Tamayama-mura 1 7.05 571 3.44 397.32 3 0.00
3 Sawauchi-mura 1 6.87 546 1.66 286.22 3 0.00
3 Shiwa-cho 1 6.45 530 6.72 239.26 2 0.00
4 Kami-machi 2 5.12 405 3.02 460.82 4 0.08
4 Marumori-machi 2 4.18 329 4.48 273.34 3 0.15
4 Minamisanriku-cho 2 5.50 447 5.17 163.74 4 0.27
4 Shichikashuku-machi 2 428 330 1.48 263 4 0.00
4 Shikama-cho 2 5.07 399 4.90 109.23 3 0.19
4 Aizumisato-machi 2 3.83 269 3.99 276.33 3 0.00
4 Mishima-machi 2 428 271 1.73 90.81 4 0.00
4 Bandai-machi 2 3.67 294 6.35 59.77 3 0.00
4 Kitashiobara-mura 2 3.97 308 1.71 234.08 4 0.00
4 Showa-mura 2 3.77 274 1.39 209.46 4 0.00
4 Minamiaizu-machi 2 3.20 222 1.66 886.47 4 0.00
4 Shimogo-machi 2 3.17 236 1.82 317.04 4 0.00
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Table 53 Full Database of the Tohoku region (6).

Coswr Mgy TP T Dt Dty el et
4 Ohasama-machi 1 6.60 531 2.89 246.61 3 0.00
4 Isawa-cho 2 6.25 495 4.44 298.02 3 0.00
4 Towa-cho 1 6.33 519 8.88 157.51 3 0.00
4 Joubouji-cho 2 7.40 610 3.22 179.55 4 0.00
4 Kuji-shi 2 8.35 671 4.30 327.5 4 0.12
4 Yamagata-mura 2 8.10 659 1.99 295.49 4 0.00
4 Matsuo-mura 2 7.47 617 2.97 234.85 3 0.00
4 Tanohata-mura 2 7.70 625 3.58 156.19 4 0.03
4 Iwaizumi-cho 1 7.98 629 1.58 992.9 4 0.01
4 Iwate-machi 2 7.12 580 3.48 360.55 3 0.00
4 Noda-mura 2 8.25 653 4.95 80.82 3 0.12
4 Koromogawa-mura 2 5.77 470 3.51 163.57 3 0.04
4 Tono-shi 2 6.70 529 2.80 660.38 3 0.00
2 Ichinoseki-shi 2 5.55 454 5.08 410.23 2 0.11
5 Kaneyama-machi 2 4.15 266 1.19 293.92 3 0.00
5 Hinoemata-mura 2 3.92 260 0.61 390.46 3 0.00
5 Tadami-machi 2 4.17 276 0.69 747.56 3 0.00
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Table 54 Full Database of the Tohoku region (7).

Cluster Municipality Elevation Elevation Elevation Elevation Elevation Msi?ss::ul,‘ced
S0m-100m <100m 100m-200m 200m-500m  >500m intensity

1 Higashimatsushima-shi 0.03 1.00 0.00 0.00 0.00 5.5
1 Iwanuma-shi 0.06 0.86 0.10 0.03 0.00 59
1 Kakuda-shi 0.12 0.79 0.17 0.04 0.00 5.8
1 Matsushima-machi 0.17 0.97 0.03 0.00 0.00 5.7
1 Misato-machi 0.00 1.00 0.00 0.00 0.00 5.5
1 Murata-machi 0.18 0.41 0.37 0.21 0.00 5.4
1 Natori-shi 0.09 0.75 0.21 0.05 0.00 6.1
1 Ogawara-machi 0.18 0.90 0.10 0.00 0.00 5.6
1 Ohira-mura 0.42 0.84 0.15 0.01 0.00 6

1 Osato-cho 0.30 0.96 0.04 0.00 0.00 5.6
1 Rifu-cho 0.44 0.86 0.14 0.00 0.00 5.6
1 Sendai-shi, Aoba-ku 0.07 0.11 0.22 0.37 0.30 5.5
1 Sendai-shi, [zumi-ku 0.26 0.42 0.24 0.24 0.10 5.8
1 Sendai-shi, Miyagino-ku 0.07 1.00 0.00 0.00 0.00 5.5
1 Sendai-shi, Taihaku-ku 0.07 0.20 0.21 0.27 0.31 5.4
1 Sendai-shi, Wakabayashi-ku 0.00 1.00 0.00 0.00 0.00 5.8
1 Shibata-machi 0.12 0.83 0.13 0.04 0.00 5.4
1 Shichigahama-machi 0.00 1.00 0.00 0.00 0.00 5.4
1 Shiogama-shi 0.17 0.98 0.02 0.00 0.00 6

1 Tagajo-shi 0.00 1.00 0.00 0.00 0.00 5.3
1 Taiwa-cho 0.20 0.44 0.16 0.23 0.17 5.5
1 Tome-shi 0.09 0.71 0.18 0.11 0.00 5.5
1 Tomiya-machi 0.52 0.98 0.02 0.00 0.00 5.5
1 Watari-cho 0.06 0.95 0.05 0.00 0.00 5.5
1 Katsurao-mura 0.00 0.00 0.00 0.25 0.75 5.4
1 Kawauchi-mura 0.00 0.00 0.00 0.29 0.71 5.5
1 Soma-shi 0.07 0.55 0.10 0.20 0.15 5.7
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Table 55 Full Database of the Tohoku region (8).

Cluster Municipality Elevation Elevation Elevation Elevation Elevation Msi?ss::ul,‘ced
S0m-100m <100m 100m-200m 200m-500m  >500m intensity

1 Iwaki-shi 0.12 0.35 0.10 0.27 0.29 5.5
1 Date-shi 0.16 0.27 0.28 0.39 0.06 5.5
1 Fukushima-shi 0.11 0.11 0.18 0.33 0.38 5.5
1 Kori-machi 0.31 0.40 0.15 0.30 0.15 5.7
1 Kagamiishi-machi 0.00 0.00 0.00 1.00 0.00 6

1 Koriyama-shi 0.00 0.00 0.00 0.58 0.42 5.5
1 Miharu-machi 0.00 0.00 0.00 1.00 0.00 5.1
1 Motomiya-shi 0.00 0.00 0.00 1.00 0.00 5.5
1 Ono-machi 0.00 0.00 0.00 0.51 0.49 5.5
1 Sukagawa-shi 0.00 0.00 0.00 0.80 0.20 5.5
1 Asakawa-machi 0.00 0.00 0.00 0.99 0.01 5.6
1 Hirata-mura 0.00 0.00 0.00 0.36 0.64 53
1 Ishikawa-machi 0.00 0.00 0.00 0.93 0.07 5.1
1 Izumizaki-mura 0.00 0.00 0.00 1.00 0.00 5.3
1 Nakajima-mura 0.00 0.00 0.00 1.00 0.00 5.8
1 Nishigo-mura 0.00 0.00 0.00 0.36 0.64 5.5
1 Shirakawa-shi 0.00 0.00 0.00 0.87 0.13 55
1 Tamakawa-mura 0.00 0.00 0.00 0.86 0.14 5.5
1 Tanagura-machi 0.00 0.00 0.00 0.67 0.33 5.5
1 Yabuki-machi 0.00 0.00 0.00 1.00 0.00 5.6
1 Yamatsuri-machi 0.00 0.00 0.13 0.58 0.28 5.5
1 Kitakami-shi 0.28 0.28 0.25 0.21 0.25 5.4
1 Kawai-mura 0.00 0.00 0.01 0.17 0.82 4.7
1 Otsuchi-cho 0.06 0.14 0.14 0.38 0.35 5.5
1 Daitou-cho 0.03 0.03 0.27 0.51 0.20 5

1 Oono-mura 0.00 0.00 0.24 0.76 0.01 4.1
1 Maesawa-cho 0.28 0.69 0.21 0.10 0.00 5.5
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Table 56 Full Database of the Tohoku region (9).

Cluster Municipality Elevation Elevation Elevation Elevation Elevation Msi?ss::ul,‘ced
S0m-100m <100m 100m-200m 200m-500m  >500m intensity

1 Yamada-machi 0.12 0.23 0.23 0.39 0.15 5.5
1 Morioka-shi 0.00 0.00 0.26 0.37 0.37 55
1 Ishidoriya-cho 0.31 0.31 0.31 0.25 0.14 5
1 Yahaba-cho 0.03 0.03 0.72 0.17 0.07 5.7
1 Takizawa-mura 0.00 0.00 0.18 0.67 0.15 5.6
1 Mizuzawa-shi 0.39 0.81 0.11 0.08 0.01 5.5
1 Taneichi-machi 0.13 0.22 0.56 0.21 0.02 42
1 Sumita-cho 0.01 0.01 0.07 0.45 0.47 5.1
2 Kawasaki-machi 0.00 0.00 0.13 0.52 0.35 6.2
2 Kurihara-shi 0.17 0.50 0.16 0.21 0.14 5.38
2 Onagawa-cho 0.22 0.48 0.28 0.24 0.00 5.38
2 Shiroishi-shi 0.11 0.17 0.19 0.40 0.24 5.6
2 Yamamoto-cho 0.12 0.86 0.09 0.05 0.00 6
2 Hirono-machi 0.21 0.42 0.12 0.32 0.14 5.38
2 Minamisoma-shi 0.13 0.59 0.11 0.25 0.04 5.38
2 Shinchi-machi 0.16 0.82 0.11 0.07 0.00 6.1
2 Kunimi-machi 0.32 0.40 0.22 0.31 0.07 6.3
2 Otama-mura 0.00 0.00 0.00 0.54 0.46 5.38
2 Tamura-shi 0.00 0.00 0.00 0.45 0.55 5.38
2 Aizubange-machi 0.00 0.00 0.53 0.47 0.00 53
2 Nishiaizu-machi 0.00 0.00 0.13 0.62 0.25 4.7
2 Yanaizu-machi 0.00 0.00 0.01 0.49 0.49 5.38
2 Asiro-cho 0.00 0.00 0.00 0.36 0.64 5.38
2 Kuzumaki-machi 0.00 0.00 0.00 0.13 0.87 5.38
2 Rikuzentakata-shi 0.10 0.27 0.16 0.44 0.13 5.38
2 Shizukuishi-cho 0.00 0.00 0.03 0.50 0.47 4.6
2 Hiraizumi-cho 0.24 0.55 0.29 0.15 0.00 53
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Table 57 Full Database of the Tohoku region (10).

Cluster Municipality Elevation Elevation Elevation Elevation Elevation Msi?ss::ul,‘ced
S0m-100m <100m 100m-200m 200m-500m  >500m intensity

2 Fudai-mura 0.09 0.16 0.36 0.46 0.03 53
2 Senmaya-cho 0.05 0.05 0.65 0.28 0.02 5.8
2 Karumai-machi 0.00 0.00 0.11 0.87 0.01 4.6
2 Sanriku-cho 0.14 0.25 0.23 0.37 0.15 5.38
2 Murone-mura 0.01 0.01 0.20 0.71 0.08 5.5
2 Yuda-machi 0.00 0.00 0.00 0.56 0.44 5.38
2 Fujisawa-cho 0.14 0.22 0.51 0.27 0.00 5.6
2 Tarou-cho 0.15 0.24 0.34 0.40 0.02 4.7
2 Niisato-mura 0.02 0.03 0.07 0.35 0.55 5.38
3 Ishinomaki-shi 0.15 0.67 0.19 0.14 0.00 53
3 Kesennuma-shi 0.17 0.39 0.27 0.30 0.03 5.3
3 Osaki-shi 0.13 0.50 0.10 0.21 0.19 53
3 Wakuya-cho 0.11 0.85 0.14 0.01 0.00 6

3 Zao-machi 0.11 0.15 0.18 0.36 0.31 6

3 litate-mura 0.00 0.00 0.01 0.47 0.52 5.5
3 Kawamata-machi 0.00 0.00 0.03 0.53 0.44 5.5
3 Nihonmatsu-shi 0.00 0.00 0.05 0.76 0.20 5.3
3 Tenei-mura 0.00 0.00 0.00 0.24 0.76 6.2
3 Furudono-machi 0.00 0.00 0.00 0.34 0.66 53
3 Hanawa-machi 0.00 0.00 0.03 0.42 0.55 4.9
3 Samegawa-mura 0.00 0.00 0.00 0.30 0.70 4.7
3 Aizuwakamatsu-shi 0.00 0.00 0.10 0.33 0.57 53
3 Inawashiro-machi 0.00 0.00 0.00 0.00 1.00 53
3 Kitakata-shi 0.00 0.00 0.12 0.45 0.43 53
3 Yugawa-mura 0.00 0.00 1.00 0.00 0.00 5.4
3 Kawasaki-mura 0.19 0.44 0.40 0.16 0.00 5.1

3 Ofunato-shi 0.10 0.23 0.19 0.42 0.16 53
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Table 58 Full Database of the Tohoku region (11).

Cluster Municipality Elevation Elevation Elevation Elevation Elevation Msi?ss::ul,‘ced
S0m-100m <100m 100m-200m 200m-500m  >500m intensity

3 Higasiyama-cho 0.13 0.20 0.44 0.35 0.01 5.1
3 Ninohe-shi 0.04 0.04 0.27 0.66 0.03 5.3
3 Kamaishi-shi 0.08 0.15 0.16 0.33 0.37 53
3 Miyako-shi 0.14 0.28 0.22 0.36 0.14 53
3 Miyamori-mora 0.00 0.00 0.03 0.66 0.31 5

3 Hanamaki-shi 0.18 0.18 0.27 0.35 0.21 52
3 Hanaizumi-cho 0.35 0.84 0.16 0.00 0.00 5.6
3 Esashi-shi 0.16 0.24 0.27 0.38 0.11 5.4
3 Kanegasaki-cho 0.19 0.22 0.34 0.32 0.13 52
3 Kunohe-mura 0.00 0.00 0.00 0.79 0.21 44
3 Nishine-cho 0.00 0.00 0.00 0.74 0.26 5.3
3 Ichinohe-machi 0.00 0.00 0.05 0.74 0.21 4.8
3 Tamayama-mura 0.00 0.00 0.03 0.32 0.66 53
3 Sawauchi-mura 0.00 0.00 0.00 0.51 0.49 53
3 Shiwa-cho 0.08 0.08 0.41 0.36 0.15 49
4 Kami-machi 0.11 0.19 0.18 0.40 0.23 4.77
4 Marumori-machi 0.09 0.24 0.20 0.49 0.06 4.77
4 Minamisanriku-cho 0.24 0.51 0.27 0.22 0.00 5.6
4 Shichikashuku-machi 0.00 0.00 0.00 0.25 0.75 5
4 Shikama-cho 0.24 0.43 0.18 0.27 0.12 5.4
4 Aizumisato-machi 0.00 0.00 0.03 0.49 0.49 4.77
4 Mishima-machi 0.00 0.00 0.00 0.48 0.52 34
4 Bandai-machi 0.00 0.00 0.00 0.35 0.65 5.2
4 Kitashiobara-mura 0.00 0.00 0.00 0.06 0.94 42
4 Showa-mura 0.00 0.00 0.00 0.05 0.95 3.7
4 Minamiaizu-machi 0.00 0.00 0.00 0.01 0.99 4.77
4 Shimogo-machi 0.00 0.00 0.00 0.06 0.94 4.77
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Table 59 Full Database of the Tohoku region (12).

Cluster Municipality Elevation Elevation Elevation Elevation Elevation Msi?ss::ul,‘ced
50m-100m <100m 100m-200m 200m-500m  >500m intensity
4 Ohasama-machi 0.00 0.00 0.07 0.47 0.46 4.77
4 Isawa-cho 0.11 0.11 0.17 0.19 0.53 4.77
4 Towa-cho 0.01 0.01 0.41 0.54 0.04 53
4 Joubouji-cho 0.00 0.00 0.02 0.67 0.31 4.9
4 Kuji-shi 0.14 0.26 0.31 0.31 0.11 4.6
4 Yamagata-mura 0.00 0.00 0.01 0.55 0.45 3.9
4 Matsuo-mura 0.00 0.00 0.00 0.29 0.71 4.77
4 Tanohata-mura 0.05 0.08 0.23 0.60 0.09 4.77
4 Iwaizumi-cho 0.01 0.02 0.05 0.27 0.66 42
4 Iwate-machi 0.00 0.00 0.00 0.55 0.45 4.7
4 Noda-mura 0.10 0.22 0.15 0.52 0.10 4.9
4 Koromogawa-mura 0.08 0.12 0.24 0.48 0.16 55
4 Tono-shi 0.00 0.00 0.00 0.36 0.64 53
2 Ichinoseki-shi 0.17 0.28 0.28 0.27 0.17 5.8
5 Kaneyama-machi 0.00 0.00 0.00 0.33 0.67 33
5 Hinoemata-mura 0.00 0.00 0.00 0.00 1.00 3.5
5 Tadami-machi 0.00 0.00 0.00 0.10 0.90 3.8
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Table 60 Full Database of the Tohoku region (13).

Cluster Municipality Dz:;lzge Prlzzztza:i(::ld olf)l;(liil:)ortrizzt P(;zl;l:itt:m E:::ll:i}t]; : tel\l/llli)njxl:lnre
occupancy roads
1 Higashimatsushima-shi 0.00 0.02 0.03 421.20 129.85 2.54
1 Iwanuma-shi 0.00 0.01 0.01 727.80 367.06 1.72
1 Kakuda-shi 0.00 0.00 0.02 212.30 103.45 1.72
1 Matsushima-machi 0.00 0.03 0.06 279.10 104.83 1.18
1 Misato-machi 0.00 0.01 0.02 335.60 120.86 1.72
1 Murata-machi 0.00 0.02 0.03 153.00 76.23 1.72
1 Natori-shi 0.00 0.01 0.02 730.80 313.73 3.36
1 Ogawara-machi 0.00 0.01 0.01 940.80 472.33 1.72
1 Ohira-mura 0.00 0.02 0.04 88.60 79.08 1.04
1 Osato-cho 0.00 0.00 0.00 108.80 48.35 1.72
1 Rifu-cho 0.00 0.00 0.05 759.60 273.21 1.72
1 Sendai-shi, Aoba-ku 0.00 0.00 0.03 964.20 843.46 -0.48
1 Sendai-shi, Izumi-ku 0.00 0.01 0.02 1440.40 504.11 1.72
1 Sendai-shi, Miyagino-ku 0.00 0.01 0.02 3278.40 2054.37 1.72
1 Sendai-shi, Taithaku-ku 0.00 0.01 0.03 966.70 256.62 1.72
1 Sendai-shi, Wakabayashi-ku ~ 0.00 0.01 0.02 2734.70 1549.86 1.72
1 Shibata-machi 0.00 0.01 0.01 728.80 294.00 1.72
1 Shichigahama-machi 0.00 0.00 0.00 1538.50 252.60 1.72
1 Shiogama-shi 0.00 0.02 0.02 3162.90 1302.30 4.26
1 Tagajo-shi 0.00 0.01 0.02 3209.20 1288.70 1.72
1 Taiwa-cho 0.00 0.01 0.02 110.40 59.56 1.72
1 Tome-shi 0.00 0.01 0.04 156.50 66.08 0.77
1 Tomiya-machi 0.00 0.02 0.04 957.50 245.41 1.72
1 Watari-cho 0.00 0.00 0.03 476.00 142.32 2.86
1 Katsurao-mura 0.00 0.00 0.04 18.20 435 1.72
1 Kawauchi-mura 0.00 0.00 0.04 14.30 5.07 -1.44
1 Soma-shi 0.02 0.01 0.04 191.30 89.71 3.15
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Table 61 Full Database of the Tohoku region (14).

Cluster Municipality Dz:;lzge Prlzzztza:i(::ld olf)l;(liil:)ortrizzt P(;zl;l:itt:m E:;::]l: i}t]; : tel\l/llli)njxl:lnre
occupancy roads
1 Iwaki-shi 0.02 0.01 0.04 277.90 124.70 5.37
1 Date-shi 0.02 0.01 0.03 249.10 96.35 1.90
1 Fukushima-shi 0.01 0.02 0.04 381.10 194.91 4.37
1 Kori-machi 0.02 0.02 0.02 299.10 125.44 1.72
1 Kagamiishi-machi 0.01 0.03 0.04 410.10 171.92 1.72
1 Koriyama-shi 0.01 0.01 0.03 447.40 238.85 1.53
1 Miharu-machi 0.01 0.01 0.03 250.00 83.48 1.72
1 Motomiya-shi 0.02 0.01 0.02 358.10 188.33 1.72
1 Ono-machi 0.00 0.00 0.06 89.50 36.38 -0.47
1 Sukagawa-shi 0.04 0.01 0.02 283.60 114.09 1.72
1 Asakawa-machi 0.00 0.00 0.02 184.00 61.85 1.72
1 Hirata-mura 0.00 0.02 0.03 74.00 26.54 1.72
1 Ishikawa-machi 0.01 0.00 0.01 153.60 62.27 1.58
1 Izumizaki-mura 0.02 0.02 0.02 192.10 109.77 1.72
1 Nakajima-mura 0.00 0.00 0.00 272.60 84.51 1.72
1 Nishigo-mura 0.01 0.01 0.03 102.80 56.54 1.72
1 Shirakawa-shi 0.02 0.02 0.03 211.90 98.97 1.78
1 Tamakawa-mura 0.04 0.00 0.01 155.30 74.97 1.44
1 Tanagura-machi 0.03 0.01 0.03 94.20 47.45 1.72
1 Yabuki-machi 0.02 0.01 0.01 304.90 128.97 1.72
1 Yamatsuri-machi 0.00 0.00 0.09 53.70 25.00 1.72
1 Kitakami-shi 0.00 0.02 0.03 212.86 118.70 2.11
1 Kawai-mura 0.01 0.05 0.08 6.23 1.73 0.83
1 Otsuchi-cho 0.06 0.02 0.02 76.20 26.52 1.10
1 Daitou-cho 0.01 0.03 0.05 55.18 16.44 1.72
1 Oono-mura 0.00 0.04 0.04 40.00 11.17 1.72
1 Maesawa-cho 0.01 0.02 0.02 201.06 92.62 1.72
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Table 62 Full Database of the Tohoku region (15).

Cluster Municipality Dz:;lzge Prlzzztza:i(::ld olf)l;(liil:)ortrizzt P(;zl;l:itt:m E:;::]l: i}t]; : tel\l/llli)njxl:lnre
occupancy roads
1 Yamada-machi 0.02 0.03 0.04 70.68 22.46 1.61
1 Morioka-shi 0.00 0.02 0.03 581.04 327.68 0.83
1 Ishidoriya-cho 0.03 0.01 0.02 132.39 40.78 1.72
1 Yahaba-cho 0.00 0.01 0.02 404.35 223.72 1.72
1 Takizawa-mura 0.00 0.02 0.04 295.40 93.77 1.72
1 Mizuzawa-shi 0.02 0.02 0.04 579.91 301.58 1.52
1 Taneichi-machi 0.03 0.03 0.03 74.34 19.57 0.68
1 Sumita-cho 0.00 0.03 0.08 18.49 6.81 1.22
2 Kawasaki-machi 0.00 0.00 0.09 36.80 14.13 0.61
2 Kurihara-shi 0.00 0.02 0.04 93.10 38.10 0.15
2 Onagawa-cho 0.00 0.06 0.06 152.80 87.19 2.38
2 Shiroishi-shi 0.00 0.02 0.05 130.60 51.07 2.51
2 Yamamoto-cho 0.00 0.00 0.03 259.10 73.40 0.61
2 Hirono-machi 0.01 0.00 0.08 92.80 49.84 3.83
2 Minamisoma-shi 0.04 0.00 0.02 177.90 76.85 0.61
2 Shinchi-machi 0.04 0.00 0.04 177.40 64.86 4.40
2 Kunimi-machi 0.03 0.03 0.04 266.10 87.85 1.11
2 Otama-mura 0.01 0.02 0.02 107.90 32.83 0.61
2 Tamura-shi 0.01 0.01 0.03 88.20 33.07 -0.41
2 Aizubange-machi 0.00 0.00 0.03 189.40 74.05 0.61
2 Nishiaizu-machi 0.00 0.00 0.08 24.70 8.93 0.77
2 Yanaizu-machi 0.00 0.00 0.04 22.80 7.64 0.61
2 Asiro-cho 0.00 0.04 0.09 13.13 4.82 -2.54
2 Kuzumaki-machi 0.00 0.04 0.07 16.79 5.11 -2.63
2 Rikuzentakata-shi 0.07 0.03 0.04 100.35 33.33 2.53
2 Shizukuishi-cho 0.00 0.00 0.01 29.61 13.18 -2.03
2 Hiraizumi-cho 0.00 0.02 0.03 131.65 54.08 0.61
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Table 63 Full Database of the Tohoku region (16).

Cluster Municipality Dz:;lzge Prlzzztza:i(::ld olf)l;(liil:)ortrizzt P(;zl;l:itt:m E:;::]l: i}t]; : tel\l/llli)njxl:lnre
occupancy roads
2 Fudai-mura 0.04 0.04 0.05 44.34 12.98 -0.02
2 Senmaya-cho 0.00 0.02 0.04 128.85 65.55 0.55
2 Karumai-machi 0.00 0.05 0.06 41.54 15.03 -2.30
2 Sanriku-cho 0.00 0.03 0.04 57.86 14.53 0.61
2 Murone-nura 0.00 0.03 0.03 55.47 16.76 0.61
2 Yuda-machi 0.00 0.04 0.09 11.28 5.84 -0.54
2 Fujisawa-cho 0.01 0.00 0.03 72.66 31.17 0.61
2 Tarou-cho 0.05 0.05 0.05 42.73 10.21 0.61
2 Niisato-mura 0.00 0.03 0.09 13.45 3.73 0.61
3 Ishinomaki-shi 0.00 0.02 0.03 289.40 128.67 3.89
3 Kesennuma-shi 0.00 0.02 0.03 220.40 90.69 2.54
3 Osaki-shi 0.00 0.01 0.04 169.60 76.31 1.12
3 Wakuya-cho 0.00 0.02 0.03 213.10 85.10 1.82
3 Zao-machi 0.00 0.02 0.03 84.30 38.97 1.38
3 litate-mura 0.00 0.00 0.03 27.00 8.18 -2.23
3 Kawamata-machi 0.01 0.04 0.06 122.00 49.50 0.73
3 Nihonmatsu-shi 0.01 0.02 0.03 173.70 72.04 1.98
3 Tenermura 0.04 0.00 0.06 27.90 10.19 -2.56
3 Furudono-machi 0.02 0.00 0.04 36.90 13.85 -0.13
3 Hanawa-machi 0.01 0.01 0.04 46.70 18.60 1.76
3 Samegawa-mura 0.01 0.05 0.09 30.40 9.63 0.73
3 Aizuwakamatsu-shi 0.00 0.00 0.04 329.50 175.16 0.73
3 Inawashiro-machi 0.01 0.00 0.05 40.00 16.71 0.65
3 Kitakata-shi 0.00 0.00 0.03 94.40 37.27 0.45
3 Yugawa-mura 0.00 0.00 0.05 205.60 55.65 0.73
3 Kawasaki-mura 0.03 0.03 0.03 97.05 31.80 0.73
3 Ofunato-shi 0.03 0.03 0.05 176.34 94.55 2.66
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Table 64 Full Database of the Tohoku region (17).

Cluster Municipality Dz:;lzge Prlzzztza:i(::ld olf)l;(liil:)ortrizzt P(;zl;l:itt:m E:;::]l: i}t]; : tel\l/llli)njxl:lnre
occupancy roads
3 Higasiyama-cho 0.02 0.02 0.01 82.45 34.29 0.73
3 Ninohe-shi 0.00 0.02 0.02 102.46 48.98 -1.72
3 Kamaishi-shi 0.04 0.04 0.05 89.68 42.33 2.92
3 Miyako-shi 0.09 0.02 0.03 141.90 62.69 1.83
3 Miyamori-mora 0.00 0.06 0.10 29.98 10.79 0.73
3 Hanamaki-shi 0.00 0.01 0.02 176.80 88.36 -0.53
3 Hanaizumi-cho 0.03 0.00 0.04 107.74 34.59 0.73
3 Esashi-shi 0.01 0.00 0.03 88.12 31.69 0.94
3 Kanegasaki-cho 0.01 0.01 0.01 90.81 50.83 0.73
3 Kunohe-mura 0.00 0.01 0.07 48.54 16.53 0.73
3 Nishine-cho 0.00 0.01 0.02 99.33 38.63 0.73
3 Ichinohe-machi 0.00 0.04 0.04 47.25 18.94 0.73
3 Tamayama-mura 0.00 0.03 0.03 35.57 13.56 0.73
3 Sawauchi-mura 0.00 0.00 0.00 11.07 3.77 -1.78
3 Shiwa-cho 0.01 0.01 0.03 139.13 45.88 -0.48
4 Kami-machi 0.00 0.00 0.03 55.40 24.22 -0.64
4 Marumori-machi 0.00 0.00 0.03 56.70 16.76 1.11
4 Minamisanriku-cho 0.00 0.05 0.06 106.40 38.77 2.63
4 Shichikashuku-machi 0.00 0.00 0.08 6.40 2.56 -0.64
4 Shikama-cho 0.00 0.00 0.01 68.00 27.30 0.78
4 Aizumisato-machi 0.00 0.00 0.03 82.30 21.43 -0.64
4 Mishima-machi 0.00 0.00 0.12 21.20 8.48 -0.64
4 Bandai-machi 0.00 0.00 0.02 63.00 33.61 -0.64
4 Kitashiobara-mura 0.00 0.00 0.07 13.60 7.60 -4.49
4 Showa-mura 0.00 0.00 0.16 7.20 2.11 -0.23
4 Minamiaizu-machi 0.00 0.00 0.09 20.20 9.36 -0.64
4 Shimogo-machi 0.00 0.00 0.08 20.40 8.02 -2.89
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Table 65 Full Database of the Tohoku region (18).

Custer Mgy P onion  ofimgora PP Erovce  Minium
occupancy roads
4 Ohasama-machi 0.00 0.00 0.02 28.66 7.47 -0.53
4 Isawa-cho 0.00 0.00 0.03 56.66 15.94 -0.64
4 Towa-cho 0.00 0.01 0.03 66.88 16.59 -0.64
4 Joubouji-cho 0.00 0.02 0.03 28.12 8.27 -0.64
4 Kuji-shi 0.01 0.04 0.04 102.48 48.00 0.43
4 Yamagata-mura 0.00 0.04 0.04 11.20 3.10 -2.03
4 Matsuo-mura 0.00 0.02 0.04 25.82 11.29 -2.23
4 Tanohata-mura 0.04 0.04 0.05 24.60 7.77 0.33
4 Iwaizumi-cho 0.01 0.04 0.06 10.88 4.44 0.40
4 Iwate-machi 0.00 0.02 0.02 41.56 14.64 -0.64
4 Noda-mura 0.10 0.02 0.02 57.31 17.20 -0.64
4 Koromogawa-mura 0.00 0.01 0.00 31.59 7.57 -0.64
4 Tono-shi 0.01 0.02 0.04 36.91 14.64 -1.58
2 Ichinoseki-shi 0.01 0.02 0.05 127.44 78.24 2.53
5 Kaneyama-machi 0.00 0.00 0.10 8.40 2.93 1.49
5 Hinoemata-mura 0.00 0.00 0.13 1.60 1.24 -2.98
5 Tadami-machi 0.00 0.00 0.13 6.60 2.72 0.91
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