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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 these
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.

This study applied cluster analysis to examine the driving data in the



Tohoku region to classify the road recovery conditions among municipalities
in the first six months after the disaster. The cluster analysis
classifications were chosen according to a dendrogram and the agglomeration
coefficients. In addition, I utilized ANOVA to check the significance of
the differences between the clusters and selected five clusters that best
represented the road recovery speed. 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, the 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 expected Nankai Trough
earthquake, 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 nineteen
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, I 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. However, most municipal roads
will be restored in the fastest recovering cluster, and they may not be
restored simultaneously in the event of a severe earthquake and a major
tsunami.

To subdivide the predictive model 1into several more clusters, 1



re—clustered the road recovery of municipalities in the Tohoku region by
separating coastal and inland areas. It was 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 was the coastal clusters most severely
affected by the tsunami that recovered most slowly, rather than the inland
heavy snowfall areas, which was more in line with reality. Furthermore,
Stepwise discriminant analysis was used 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.

In this study, 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, 1 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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