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Abstract 
Hazard maps are usually prepared for each disaster, including seismic hazard 
maps, flood hazard maps, and landslide hazard maps. However, when the 
general public attempts to check their own disaster risk, most are likely not 
aware of the specific types of disaster. So, first of all, we need to know what 
kinds of hazards are important. However, the information that integrates 
multiple hazards is not well maintained, and there are few such studies. On 
the other hand, in Japan, a lot of hazard information is being released on the 
Internet. So, we summarized and assessed hazard data that can be accessed 
online regarding shelters (where evacuees live during disasters) and their 
catchments (areas assigned to each shelter) in Yokohama City, Kanagawa 
Prefecture. Based on the results, we investigated whether a grouping by clus-
ter analysis would allow for multi-hazard assessment. We used four natural 
disasters (seismic, flood, tsunami, sediment disaster) and six parameters of 
other population and senior population. However, since the characteristics of 
the population and the senior population were almost the same, only popula-
tion data was used in the final examination. From the cluster analysis, it was 
found that it is appropriate to group the designated evacuation centers in 
Yokohama City into six groups. In addition, each of the six groups was found 
to have explainable characteristics, confirming the effectiveness of multi-hazard 
creation using cluster analysis. For example, we divided, all hazards are low, 
both flood and Seismic hazards are high, sediment hazards are high, etc. In 
many Japanese cities, disaster prevention measures have been constructed in 
consideration of ground hazards, mainly for earthquake disasters. In this pa-
per, we confirmed the consistency between the evaluation results of the mul-
ti-hazard evaluated here and the existing ground hazard map and examined 
the usefulness of the designated evacuation center. Finally, the validity was 
confirmed by comparing this result with the ground hazard based on the ac-
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tual measurement by the past research. In places where the seismic hazard is 
large, the two are consistent with the fact that the easiness of shaking by ac-
tual measurement is also large. 
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1. Introduction 

Since ancient times, Japan has suffered many earthquake disasters and many ca-
sualties have occurred. Therefore, evacuation center in the event of a disaster is 
regarded as important, and designated evacuation centers are set for each city. 
However, due to global warming, meteorological disasters have become more 
frequent in recent years, and heavy rains, typhoons and associated sediment-related 
disasters have also occurred frequently. In addition, since the 2011 Great East 
Japan Earthquake, tsunami disasters caused by huge subduction-zone earth-
quakes have become a concern, and it is necessary to consider the effectiveness 
of existing designated evacuation centers for various disasters. 

Japan is a country with one of the highest risks for natural disasters such as 
seismic and floods. Therefore, many surveys and studies about disaster have 
been conducted and a large volume of documents has been accumulated re-
garding disaster countermeasures. To enable municipalities to respond to mul-
tiple disasters, Nakabayashi and Otagiri [1] defined complex disasters and ex-
tensive and massive disasters and discussed the current situations and chal-
lenges. And Okano [2] discusses the need for consideration assuming a combi-
nation of multiple disasters, although the probability is low. The Ministry of 
Land, Infrastructure, Transport and Tourism prepared an “overlay hazard map” 
where disaster risk information can be overlaid under the Hazard Map Portal 
Site [3], making efforts toward the clear assessment of hazard. Other examples of 
previous research in Japan are given below [1]-[8]. There are research focusing 
on evacuation behavior due to complex disasters by Takada et al. [4] [5], re-
search on damage reduction measures focusing on seismic and floods caused by 
Itagaki et al. [6], research on storm surge inundation prediction when a typhoon 
hits after a seismic by Kawasaki et al. [7]. And Tamura et al. [8] proposes a me-
thod for assessing multi-hazard risk by incorporating probabilistic ideas and in-
tegrating risk curves for individual disasters. This paper also introduces the entry 
into force of the Disaster Mitigation Act (2000) [9] and FEMA’s Multi-hazard In-
formation Platform [10] as US efforts. In addition, hazard maps have been ex-
tensively studied, for example, there are Szu-Hsien Peng et al. [11] as an example 
of study on floods and debris flows in Taiwan, and an example of study on land 
movement in Algeria by Amar Guettouche [12]. Studies that classify regional 
characteristics from cluster analysis include Sangeeta [13] and R. Ley [14]. 
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However, there are not many studies that consider multiple hazards. 
When non-experts, such as municipal staff and the general public, examine 

disaster response, we can assume that the first reference they would turn to 
would be the hazard map prepared by the federal and local governments. Hazard 
maps are usually prepared for each disaster, including seismic hazard maps, 
flood hazard maps, and landslide hazard maps. However, when the general pub-
lic attempts to check their own disaster risk, most are likely not aware of the 
specific types of disaster. In other words, they want to know their overall risk of 
disaster. In such a case, information to determine the characteristics of one’s 
own area in regard to all disasters becomes of primary importance. However, it 
is difficult for the general public to make a comprehensive assessment using 
multiple hazard maps or to judge which hazard maps should be prioritized and 
which ones are unnecessary [15] [16]. When municipality staff examine evacua-
tion center facilities or explain disaster countermeasures for residents, they need 
to know all types of hazard information. 

Meanwhile, much of the hazard information in Japan is stored into databases, 
and the system is set up so that data can be easily accessed online [17]. Experts 
can weed through the data and select the necessary information, which makes 
such data extremely useful. However, this data is not utilized by general public 
[18]. 

Thus, in the present study, we summarized and assessed hazard data that can 
be accessed online regarding evacuation center (where evacuees live during dis-
asters) and their catchments (areas assigned to each evacuation center) in Yo-
kohama City, Kanagawa Prefecture. Based on the results, we investigated 
whether a grouping by cluster analysis would allow for multi-hazard assessment. 
In addition, the authors are creating a ground hazard map using actual mea-
surement records using constant microtremors in Yokohama City, which is the 
subject of research [19] [20]. The validity was confirmed by comparing this re-
sult with the ground hazard based on the actual measurement. 

The structure from the next section onward is shown. The 2nd section is the 
characteristics of the target area, Yokohama City. It mainly summarizes topo-
graphical features. The 3rd section is the data and research methods used. We 
have summarized the sources and characteristics of five types of data and the 
policy of cluster analysis. The 4th section is the results and discussion. We have 
summarized the results of the cluster analysis and the comparison with the pre-
vious studies. And the 5th section is a conclusion. 

2. Characteristics of the Target Area, Yokohama City 

Yokohama City is located on the east side of Kanagawa Prefecture, and is consi-
dered as one of the central cities of the metropolitan area with the international 
port of Yokohama as its base. As of 2019, Yokohama City was a major city with a 
population exceeding 3.7 million people, only second to the special wards of 
Tokyo [21] [22].  
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Figure 1 shows Location of Yokohama City, Figure 2 shows the microtopo-
graphy of Yokohama City [23], and Figure 3 shows the elevation distribution 
[24]. The topography of Yokohama can be roughly divided into hills, plateaus,  
 

 
Figure 1. Location of Yokohama City.  

 

 
Figure 2. Microtopography of Yokohama [23]. 
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Figure 3. Elevation distribution of Yokohama [24]. 

 
terraces, lowlands, and landfills. Hills and plateaus are about 70% of the City, 
while the other 30% are alluvial plains along rivers and landfills along the ocean. 
Hills spread in the southeastern area, where relatively steep slopes are not un-
common. 

Yokohama City was hit hard by the Great Kanto Earthquake in 1923, when 
over 20,000 died and 60,000 buildings were destroyed. This was followed by 
other large earthquakes with seismic intensity of approximately 5, such as the 
1924 Tanzawa Earthquake and the 1930 North Izu Earthquake, which fortu-
nately caused no major damage. However, during the Great East Japan Earth-
quake of 2011, Yokohama City experienced significant shaking, with a maxi-
mum seismic intensity of 5+, accompanied by major damage centered around 
the areas of softer ground. Landslides and floods caused by typhoons accompa-
nied by torrential rain are relatively common. For example, the Yokohama Local 
Meteorological Office has summarized 80 major weather-related disasters that 
occurred in Kanagawa Prefecture in the 85 years between 1934 and 2019. This 
means that, on average, there is one weather-related disaster per year, which is 
extremely frequent [25]. 

3. Materials and Methods’ 
3.1. Summary of the Data 

In the present study, we focused on four types of disaster: seismic, floods, tsu-
nami, and sediment disaster. Obviously, a hazard is not a disaster if it occurs in 

https://doi.org/10.4236/jgis.2021.132013


T. Ochiai, T. Enomoto 
 

 

DOI: 10.4236/jgis.2021.132013 248 Journal of Geographic Information System 
 

an uninhabited area. Thus, we also examined parameters associated with popu-
lation. We used data published online [17] [23] [26] [27]. Designated evacuation 
Center data lent from the Yokohama City Emergency Management Office. A list 
of the data is shown in Table 1. 

3.1.1. Seismic Hazard 
For seismic hazard, we chose “Maps of Seismic Intensity That is Expected with a 
Probability of 3% within 30 Years” by J-SHIS, where “seismic intensity” is used 
as the output, as it is the easiest for the general public to understand. Since the 
data is published with a 250-m mesh, there is no area without hazard. The ha-
zard coefficient discussed later was the seismic intensity. Areas around our tar-
get area of Yokohama City do not have clearly confirmed active faults. Thus, the 
level of seismic hazard is strongly affected by the susceptibility of the ground. 

3.1.2. Flood Hazard 
For flood hazard, we focused on the hazard from overflowing rivers and selected 
data on the inundation area forecast from the digital national land information. 
This is polygon data prepared for each depth of inundation based on the data 
provided by river management. In Kanagawa Prefecture, there are data prepared 
by The Ministry of Land, Infrastructure, Transport and Tourism and data pre-
pared by Kanagawa Prefecture, where the inundation depth ranking is different. 
We set the flood hazard coefficient to the higher flood rank, with values of 5.0 m 
or higher being considered as 10.0 m. Since flood hazard targets urban floods for 
which the extent of inundation has been forecast, inundation by mid- to 
small-sized rivers and river floods were excluded from the present analysis. In-
undation by tsunami was considered as a separate tsunami hazard. 

3.1.3. Tsunami Hazard 
We defined tsunami hazard as “inundation from tsunami” and selected tsunami 
inundation forecast data from the digital national land information. This is po-
lygon data subdivided into expected tsunami inundation depth and maximum 
inundation depth based on data provided by prefectures. As with flood hazard  
 
Table 1. A list of the original data. 

 Data source Data content 

Seimic NIED, J-SHIS [23] [26] 
Maps of Seismic Intensity That is Expected With a 
Probability of 3% Within 30 Years 

Flood MLIT [17] Inundation assumption data based on estimated rainfall 

Tsunami MLIT [17] Inundation assumption data due to assumed tsunami 

Sediment MLIT [17] 
Sediment-related disaster warning area designated by 
prefectures 

Population e-STAT [27] Population the census with town/street as the unit 

Designated 
evacuation 

Yokohama City Emergency 
Management Office [21]* 

Designated evacuation centers decided by Yokohama 
City 

*: No open data. 
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rank, we chose the tsunami inundation hazard coefficient for the higher inunda-
tion rank. 

3.1.4. Sediment Hazard 
We defined Sediment hazard as “slope failure hazard” and selected landslide 
disaster warming zone data from the digital national land information. This is 
polygon data of landslide disaster warning zone (yellow zone) and landslide dis-
aster special warning zone (red zone) designated by each prefecture. We set the 
landslide hazard coefficient with three times more weight on the red zone than 
yellow zone in consideration of the higher risk. We tried three, five, and ten 
times more weight to confirm that the difference in weight has little impact on 
the result. 

3.1.5. Designated Evacuation Center and Population 
In Yokohama City, about 400 designated evacuation centers have been set in the 
regional disaster prevention plan. Figure 4 shows the location of the designated 
evacuation center. Designated evacuation centers are set up mainly in elementa-
ry schools and are supposed to accommodate about 1000 people. In the event of  
 

 
Figure 4. Designated evacuation center and area [21]. 
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a disaster, the city will provide various supplies, mainly food and beverages, and 
disaster information, to designated evacuation centers. 

For the target designated evacuation center, we used data from the Yokohama 
City Emergency Management Office. Designated evacuation center is the area 
whose residents are expected to evacuate to each designated evacuation center 
set up in Yokohama City. This data is also polygon data. 

We selected the population data from e-stat. This is polygon data from the 
census with town/street as the unit. As for the population, the higher the density, 
the higher the risk to disasters, so the population density was used as the coeffi-
cient of the data. 

3.2. Assessment Method for Each Hazard 

As shown in Section 3, the hazard data used is open data that can be accessed 
online. The seismic intensity distribution used for seismic hazard is mesh data, 
and all other hazards are provided as polygon data. 

Evacuation center area is [A]. And first, use GIS [Geographic Information 
Systems] to find area where the hazard and evacuation center polygons overlap 
[Bi]. Finally, use the formula [1] and the hazard coefficient to calculate the 
evacuation center hazard. 

1 2i i i iB h B h
H

A A
+ + × ×    = + +    

    
                   (1) 

H: Hazard for a designated evacuation center 
A: Area of each designated evacuation center (m2) 
Bi: Area of hazard within designated evacuation center (m2) 
hi: Hazard coefficient 
In addition, since the hazard distribution map is intended for relative com-

parison of each hazard, it was standardized [Average is 0, Standard deviation is 
1] and divided into 5 stages according to the natural classification (Fisher-Jenks). 

1) Seismic hazard 
The seismic hazard and the original data are shown in Figure 5. Seismic ha-

zard shows that there are areas with high seismic intensities along the coast and 
rivers. This is because the size of seismic intensity is associated with the suscep-
tibility of the ground to shaking. In other words, areas with softer ground are 
areas with high seismic hazard. 

2) Flood hazard 
The flood hazard and the original data are shown in Figure 6. Flood hazard is 

high in lowlands along rivers. Flood hazard is especially high for the Tsurumi 
River Basin in the north. In contrast, hazard is zero in the southeastern area 
where there are no large rivers. 

3) Tsunami hazard 
The tsunami hazard and the original data are shown in Figure 7. Tsunami 

hazard is high in the coastal areas. Within the coastal areas, areas of lower eleva-
tions have higher hazard. In contrast, as with flood hazard, since inundation by 
tsunami is not expected in the inland area, hazard would be zero in this area. 
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Figure 5. Seismic hazard and original data. 

 

 
Figure 6. Flood hazard and original data. 

 
4) Sediment hazard 
The sediment hazard and the original data are shown in Figure 8. Sediment 

disaster hazard is high from the central area to the southeast. As discussed in 
Section 2, the southeastern area is hilly with steep slopes, which increases Sedi-
ment hazard. 
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Figure 7. Tsunami hazard and original data. 
 

 
Figure 8. Sediment hazard and original data. 
 

5) Population 
The population and the original data are shown in Figure 9. Population den-

sity is low in the coastal areas and in the west. Coastal areas are landfills with 
many industrial zones, which reduces the number of residents. Elsewhere, in the 
west, there is a relatively large area of farmland within Yokohama City which  
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Figure 9. Population and original data. 

 
reduces the population relative to the central area. The area with the highest 
population density (red) is near Kannai Station around the old town. 

3.3. Cluster Analysis 

Since we combined multiple hazards for assessment, we performed a cluster 
analysis with four hazards and population data as parameters. Cluster analysis 
combines individuals with similar data patterns into the same group. Here, we 
used the Euclidean distance as the scale of similarity and Word clustering as the 
grouping method [28]. 

In cluster analysis, it is important to set the number of groups to classify. It is 
important that the data are not similar if the groups are different, and that the 
data are similar if the groups are the same. In previous studies often used, for 
example, ANOVA and silhouette [29] [30] [31]. 

On the other hand, I think 4 - 7 groups are appropriate for recognizing the 
features grouped on the map. Therefore, we divided them into 4 to 7 groups and 
checked them on the map and decided on the number of groups that we judged 
to be the most appropriate. 

4. Results and Discussions 
4.1. Results of Cluster Analysis 

First, I changed the number of groups and tried cluster analysis several times. 
Referring to a dendrogram (Figure 10) and map (Figure 11), we used 6 Groups 
for the cluster. Figure 11 shows evacuation center divided into 6 groups, and 
Figure 12 shows the scatter plot matrix of each hazard. The characteristics of 
each hazard group are shown below: 
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Figure 10. Dendrogram from ward method. 

 

 
Figure 11. Evacuation center cluster analysis result. 
 

■ Group 1: Overall hazard is low. 
It is distributed inland in the northwest and south.  
■ Group 2: Seismic hazards are a little high, and tsunamis and sediment ha-

zards are also a little high in some areas. 
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Figure 12. Plot matrix of each hazard. 

 
There are not many regional characteristics, but it is distributed in areas 

slightly outside rivers and coastal areas. 
■ Group 3: Sediment hazards are particularly high, and seismic hazards are 

also somewhat high in some areas. 
It is mainly distributed in the hills in the southeastern part. 
■ Group 4: Tsunami and seismic hazards are particularly high, and some other 

flood hazards are also slightly high. 
It is distributed near the coastal lowlands and estuaries of rivers. 
■ Group 5: Areas with a particularly high population density. 
The area is low, and the area is narrow. 
■ Group 6: Flood and seismic hazards are particularly high, other hazards are 

low. 
It is distributed along rivers (especially along the Tsurumi River in the north). 
*From group 6 (●) of the scatter plot matrix, a positive correlation can be 

confirmed between the seismic hazard and the flood hazard (the higher the 
seismic hazard, the higher the flood hazard). 

4.2. Comparison with Ground Hazard Actual Measurements 

Figure 13 shows the distribution of ground hazard assessment in Yokohama City 
according to a separate study conducted by the authors [12] [13]. Details of ground 
hazard are described in the paper [12], of which we present a summary here. 
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Figure 13. Ground hazard actual measurements [19]. 

 
We used an interval of approximately 250 m to constantly observe microtre-

mors in the target area. The ground H/V spectral ratio was obtained from the 
results. From the H/V spectral ratio, the predominant period of ground and the 
peak value—its vertical axis—were identified. By multiplying both, we obtained 
the ground hazard. In areas with complex ground, 250 m may not be sufficient. 
However, when evaluating a wide area with a unified standard for the purpose of 
disaster prevention, it can be said that the limit is about 250 m. 

First, we compared the ground hazard assessment based on actual measure-
ments to the distribution of seismic hazard. Trends were consistent for the fol-
lowing points: high hazard in coastal areas and along rivers, and hazard de-
creasing from the central area toward the northwest and southeast.  

Next, we compared the results of the cluster analysis for the combined hazards 
to the ground hazard assessment based on actual measurements. Although there 
are some differences compared to the hazards of the seismic, clusters 2, 4 and 6 
with large seismic hazards have large hazards even in actual measurement. Con-
versely, the inland central area of Group 1 with low overall hazard value had low 
measured ground hazard as well. 

5. Conclusions 

The present study summarized and assessed hazard data that can be accessed 
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online regarding designated shelter catchments in Yokohama City, Kanagawa 
Prefecture. Based on the result, we performed a multi-hazard assessment through 
grouping via cluster analysis. From each result, the effectiveness of multi-hazard 
evaluation using cluster analysis was confirmed. The individual results are 
summarized below: 

First, in addition to the four hazards data of seismic, floods, tsunamis, and 
landslides, we created data that can organize and analyze the population in the 
same way. Second, for each hazard, we identified catchments where typical ha-
zard values are high. Third, based on five parameters (the 4 hazards plus popula-
tion), we divided designated evacuation center into 6 groups through cluster 
analysis. Forth, the 6 groups created by the cluster analysis had unique characte-
ristics that could be explained, confirming the effectiveness of multi-hazard 
maps using cluster analysis. Fifth, in particular, Group 6 was found to have a 
positive correlation between seismic hazards and flood hazards. This is consis-
tent with the general tendency for low-altitude soft ground along rivers to have 
high seismic hazards and high flood hazards. 

In the future, we plan to investigate whether similar trends can be observed in 
studies targeting different and wider areas. In addition, setting the number of 
groups by cluster analysis is also an issue for future study. 
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