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ABSTRACT

A Hanshin large earthquake which had dropped Japan to fear on January 17th 5:46AM eight years ago of 1995 occurred.
Kobe City caused a spreading fire in the large range from coexistence of the wooden building in the overcrowdedness urban
area and the cause of a narrow road due to this large earthquake. Authors have already understood the danger of a spreading
fire increases from the research aimed at Kobe City in the district where which the NDVI(Vegetation Index) is low, and the
UI(Urban Index) is high from the remote sensing analysis. It paid attention to the Tokyo Bay shore district in the metro-
politan area where the danger of the earthquake was shouted to apply the remote sensing technology to the city planning field
widely, and the consideration the remote sensing analysis's whether the analysis of the city situation being enabled by the ac-
curacy of which extent was tried through the overlapping analysis with Geographical Information System based on the ex-
isting research result of understanding from Kobe City. The effectiveness of an analytical technology was considered by veri-
fying the analysis scale to not only the city level (Chiba Prefecture Urayasu City and Kawasaki City Nakahara Ward) but also
districts and the town even number fields in detail and using the TM data and the IKONOS data. As a result, to apply the
remote sensing technology to the urban disaster prevention project, it reports on the consideration whether what possibility
and the problem and the proposal exist.

1. Background and purpose of research

It becomes an age when a continuous measurement and
the watch of the city environment intended for the large
range are necessary along with the diversification and ex-
tending the city environment. It is necessary to consider a
lot of problems that the city has in doing the urban renewal
enough. Properties of the city environment are adequately
understood, and the thing to specify the district where it has
the problem is necessary. It is effective to use the remote
sensing data to be able to do a cycle short, latest data ac-
quisition to observe the transformation of the city. "» ¥ In
this research, to understand the district characteristic of the
city in pixel distribution situation by the remote sensing
analysis and the relation to the GIS data, the following re-
search developments were done.

3. Understanding of city environment seen from GIS

It paid attention to 7 indices of the population, the home,
the health, the green tract of land, the house, the city, the
public peace, fire fighting, the state of manpower, and in-
dustry to understand the city environment from GIS and the
following 29 items were selected. After the collected statis-
tical data had been united as a value per the unit area, the
relations between GIS items were found by the correlation
analysis and the factor analysis. And, the scatter chart of
the item with a high correlation was made, and it was as-
sumed the index to understand properties of urbanization
(relation between the population density and the green tract
of land) from the position of each city on the graph (Figure
D).

2 Table 2. List of city environmental survey index
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urban area which it was a lot of regions, and was the popu-
lous districts were in the Tokyo Bay area were paid to at-
tention. Mainly the central area of Tokyo, the region where
the development act was remarkably done, and the follow-
ing 57 municipal districts were selected in that in consid-
eration of the influence on the city to the flow of the
change in the city environment and the population.

Table 1. List of 57 municipal districts for research
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Figure 1. Scatter chart of population density and green
tract of land area ratio
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Thus, it was assumed the precondition which understood
urbanization examining which category gave the important
effect in which item the correlation was high.
4. Analysis by using Landsat TM image
It analyzed it as follows by the use of the Landsat TM im-
age for city environmental understanding to verify even
where was possible by the remote sensing analysis from the
GIS item referring to the understood point.
4.1. Understanding of city properties by land coating
classification
Two kinds of land coating classifications of supervised
classification and unsupervised classification were done
from the Landsat TM image at two time of 1985 and 2000
to which geometry was corrected by using numeric map
25,000. It classified it into 7 classes, that is, wooden, non-
wooden, road[] railway, bare land, forest, rice field, and
waters. In supervised classification, numeric map
25,000(map image) and the aerophotograph, the house map,
and the
land use investigation, etc. were used as grand truth. Figure
2 shows supervised classification result of the whole area
of the district for the investigation in TM 2000.

Figure 2. Land coating classification by super-
vised classification (Landsat TM 2000)

This of each municipal district was cut out, the area ratio
of each class was calculated, and the pixel distribution
situation was understood. It was thought that the point that
pixel density which hit the urban area on a wooden struc-
ture, non-wooden structure, and the road was high and
pixel density of the green tract of land in the bare land and
the forest is low was an overcrowdedness urban area. 3
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classes (the road, wooden, non-wooden) were understood
as an urban area, and 3 classes (the rice field, the forest,
and the bare land) were understood as a green region. The
district characteristic was understood from each ratio in
each municipal district (Figure 3). Because the distribution
relation of the city was almost corresponding, a green re-
gion and urban situation was able to be understood from
the land coating classification which used the TM image by
comparing Figure 1 and Figure 3. That is, the situation of
the overcrowdedness urban area where the green region
rate decreased extremely was able to be understood in the
place where an urban rate had increased. Moreover, the
transformation tendency to the city was understood from
the change in the number of pixels in 1985 by a similar
analysis in the TM image. Thus, the city properties as the
urban area were able to understand both the regional char-
acteristics and the distribution situations in the outline by
the land coating classification of the TM image.
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4.2. Understanding of city properties by image operation
processing

In the land coating supervised classification, it is necessary
to set the brightness value by using detailed regional infor-
mation (grand truth). On the other hand, similar city prop-
erties to the above-mentioned were understood by using 2
indices which were able to be calculated by the operation
processing in the satellite image, that is, NDVI (vegetation
index) and UI (urbanization index) as another technique.
Two calculated indices were made, and the mean value was
taken in each municipal district and the scatter chart was
made (Figure 4).

Vegetation index (NDVI) became a decrease tendency as
urbanization index (UI) increased. Moreover, the distribu-
tion situation of each municipal district understood the ten-
dency resembled closely. Therefore, urbanization in each
municipal district and the state of vegetation were able to
be analyzed by analyzing NDVI and UI equally to the land
coating classification as well as Figure 3. It can be said a
useful technique in this analysis technique's understanding
the city properties in the outline, too.

R=-0.82



Figure 4. Scatter chart of NDVI/UI (TM 2000)
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4.3. Correspondence of Landsat TM analysis and GIS
To examine the analysis which used the TM image and the
correspondence with GIS, the correlation analysis of an
analytical result of two techniques of the land coating clas-
sification and the image operation processing and the GIS
item was done (Table 3). In Figure 5, it was understood
that there was a high correlation from the relation between
the GIS green tract of land area ratio of the spindle and the
green region rate by supervised classification of a horizon-
tal axis. (R=0.92) The utility of the understanding of the
item of GIS was able to be confirmed from this by the re-
mote sensing analysis.

Table 3. Correlation matrix of GIS item and Land-
sat analysis result
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Figure 5. Correlation of land coating classification
result (Landsat) and GIS item
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The thing which was able to be understood from Table 3
by high accuracy was able to be understood concerning the
green region rate and the urban rate which was able to be
read by the Landsat TM image in this manner. Moreover,
the population and the home index to which urbanization
was located by specifying an urban pixel in the remote
sensing analysis from this correlation matrix were able to
be understood. And, the green tract of land index of GIS
was able to be understood by specifying the green region
pixel. Therefore, the degree of an urban overcrowdedness
degree and the open space in the city is understood from
the measurement of 2 indices(the green region rate and the
urban rate ) in each municipal district and it can be said it is
possible by the Landsat TM image's being used.

5. Analysis by using IKONOS image

The city in each municipal district was able to understand
the environment in the analysis of the Landsat TM image as
already described. Then, the city on each town even num-
ber eyes understood the environment more in detail by us-
ing the IKONOS image of a high resolution compared with
Landsat TM. Two municipal districts (the Chiba Prefecture
Urayasu City and the Kanagawa Prefecture Kawasaki city
Nakahara Ward ) were selected from among 57 municipal
districts previously selected. These two municipal districts
are located along the river compared with other regions,
there are a lot of overcrowdedness urban areas, and are the
populous districts.

5.1. Understanding of city environment from each town
even number eyes by GIS

To understand more detailed city environmental properties
on the GIS analysis, 8 items (the population , the number of
homes, the number of senior citizens, the death numberl,
the cancer death numberl, the fire number, the emergency
mobilization number, and the traffic accident number
which was able to be acquired with each town even number
eyes) were collected. The collected statistical data were
previous similar analysis united as a value per the unit area.
The extraction of the overcrowdedness urban area on GIS
was tried by using these 8 items. As a result, in the Urayasu
City, the district in the expressway north of Toudaijima,
Nekozane, Horie, Kitasakae, and Fujimi understood the
thing which was the overcrowdedness urban area from
situations such as the population, the numbers of homes,
and fire number. Moreover, to find the relations between
items from the collected statistical data, the correlation
analysis was done (Table 4). In addition, to understand the
district properties, the scatter chart was made in each item.
Figure 6 shows the scatter chart of the population density
and the fire breaking out density. The feature of the over-
crowdedness urban area that the fire breaking out density
rose was able to be understood when becoming densely
populated from these scatter charts.



Table 4. Correlation matrix between GIS items for
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5.3. IKONOS

Two kinds of land coating classifications of supervised
classification and unsupervised classification were done re-
spectively by using the IKONOS image of two municipal
districts (the Urayasu City and Nakahara Ward) in 2000 to
understand the situation of the overcrowdedness urban area
which was able to be read by the GIS analysis on the town
even number eyes (Figure 7). The classification class clas-
sified it separately for 7 classes as well as the TM analysis.
The town district shape was able to be perceived clearly
because the IKONOS image was able to make out the road
shape from Figure 7 more accurately compared with the
Landsat TM image, and properties of urbanization and the
overcrowdedness degree were able to be understood in de-
tail.

Figure 7. Land coating supervised classification
chart (IKONOS 2000)
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After pixel ratio of each classification class was totaled by
each each town even number eyes, and pixel distribution
situation was understood, pixel ratio in an urban area and a
green region was calculated as well as the TM analysis. The
scatter chart was made, and on each town even number
eyes, pixel ratio in a green region was made a spindle and
pixel urban ratio was made for a horizontal axis (Figure 8).
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Figure 8. Scatter chart in the composition ratio of an
urban area and a green region (The Urayasu City:
IKONOS:2000).

The district of enumerated Toudaijima, Nekozane, Horie
and Fujimi can be read by risking it from the GIS item as
an overcrowdedness urban area when the district from the
urban rate 75% over to the green region rate 15% below is
seen from this scatter chart. Therefore, the overcrowded-
ness urban area on each town even number eyes was able to
be specified by such an analysis in the land coating classifi-
cation by the IKONOS analysis compared with the TM
analysis which was understanding each municipal district,
and a more detailed analysis became possible.

5.3. Correspondence of GIS (town even number eyes)
and IKONOS analysis

Figure 9 shows the extraction result of the overcrowded-
ness urban area by the GIS analysis on the town even num-
ber eyes and the overcrowdedness urban areas by the
IKONOS analysis. Judging from the thing which came in
succession roughly, it was able to be understood as the
overcrowdedness urban area which had been obtained by
the land coating classification of the overcrowdedness ur-
ban area extracted by the GIS 8 item with the town even
number eyes in Figure 9 and the IKONOS image that the
understanding with each town even number eyes was pos-
sible from this figure. As for a part within the range judged
to be an overcrowdedness urban area from the IKONOS
analysis, the value of the eternal resident population density
is low in the factory area and the warehouse street. On the
other hand, it is guessed that it did not agree because the
district judged to be an overcrowdedness urban area from
GIS is along the river, and the waters part influenced pixel
ratio.

Figure 9. Overcrowdedness urban area extrac-
tion result in IKONOS analysis and GIS



BN GIS RS
[ S
1 ais

Moreover, the correlation analysis with the GIS item was
done in the IKONOS analysis as well as analyzing TM
(Table 5). A high correlation for the correlation coefficient
to exceed 0.7 compared with the TM data was not able to
be obtained in Table 5. However, because the IKONOS
image is a high resolution in this, it is thought that the pur-
pose is to have received the influence of the shadow of the
structure. It will be able to be said that a high in some de-
gree correlation is obtained if that is taken into considera-
tion.

Table 5. Correlation matrix of GIS item and

IKONOS analysis
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the land coating classification by the IKONOS analysis the
pixel distribution situation. In addition, collation with the
situation of an actual city was tried by using the aerophoto-
graph to confirm pixel distribution situation of the land
coating classification which used the IKONOS image (Fig-
ure 10). Districts such as Toudaijima , Nekozane , Horie ,
and Fujimi were the overcrowdedness urban areas in the
Urayasu City according to the

IKONOS analysis as having already described. Figure 10
is an aerophotograph which compares Nekozane [ Horie
district and Kairaku district in the Urayasu City. As for the
left Nekozane [1Horie district made an overcrowdedness
urban area, the town district shape can be also more com-
plex than a right Kairaku district and the situation of the
overcrowdedness urban area be understood well. On the
other hand, right Kairaku district does by the readjustment
of town lots by the shape of the town district in an orderly
manner, and is not judged from which result of GIS and

5/6

IKONOS as an overcrowdedness urban area though is an
overcrowdedness ratio in a similar building.

d s g R e
Nekozane,Forie
Figure 10. Aerophotograph of Nekozane( /Horie

district and Kairaku district in Urayasu City

6. Result and View in the future

In this research, each of the utilities were examined aiming
to make out the situation of the overcrowdedness urban
area in the Tokyo Bay area in the pattern by using the TM
image and the IKONOS image by an analytical technique
which centered on the land coating classification. The
population, the home, and the situation of the open space in
the forest etc. as city information were able to be under-
stood by understanding pixel density of the urban area and
the green tract of land in each municipal district in the TM
image analysis.

Moreover, the finding that situations of the fire breaking
out number etc. were able to be guessed was obtained from
the relation of GIS. Moreover, the method of understanding
the situation of the overcrowdedness urban area in the out-
line in each municipal district was able to be obtained by
measuring the distribution situation of these pixels. More-
over, because it was a high resolution, the road and the
town district shape, etc. were able to be understood ade-
quately in the IKONOS analysis. The overcrowdedness
urban area was able to be understood more in detail by
measuring pixel distribution situations of each town even
number eyes in IKONOS compared with the TM analysis.
In addition, it was able to be confirmed to understand the
overcrowdedness degree adequately even if it saw from the
comparison with the aerophotograph. Thus, the possibility
of the understanding of a city environmental properties
was able to be found by judging information which had
been obtained by the analysis which used the TM image
and the IKONOS image overall. However, all of the city
environmental index used to analyze GIS do not agree, and
there is a necessity for advancing the examination for other
remote sensing (TM and IKONOS both) analysis technolo-
gies in the viewpoint of the understanding of a city envi-
ronmental properties. Moreover, the use of this panchro-
matic film data etc. are tried to solve the problem that the
shadow of the structure causes, and the thing to improve
accuracy or more is an examination problem as for the
IKONOS image. Moreover, it is necessary to reexamine the
index which shows the city properties in consideration of
the correlation between GIS items for the improvement of
the accuracy of the remote sensing analysis in the future.
For instance, the following expressions are examined as an
index which shows the overcrowdedness degree in the
building in each district (Figure 11).

O @E@rowdedness[ @vel‘

= \/(1 —buildingl @vercrowdedness| @vel)® + (open] @acel | @ute)*

Therefore, it is likely to lead to the perception of the detec-
tion of such an overcrowdeness level of the risk of the city.



Figure 11. Rank chart by overcrowdedness level
which uses IKONOS land coating classification
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