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The open space area is necessary for disaster operation
such as evacuation, clean-up, and logistics and tem-
porary housing. Tokyo Metropolitan Earthquake will
cause enormous damage and have far-reaching conse-
quences. Therefore, local governments have to regu-
late wide-range cooperation for use of available open
space area. In this study, 1) the problem schemes of
open space is clarified based on the logistic process of
Theory of Constraints, and 2) Geospatial distribution
and size of open space area is analyzed quantitatively
based on land-use database, 3) the conceptual design
of the comprehensive open-space database manage-
ment system is formulate considering decision-making
process.

Keywords: Tokyo Metropolitan Earthquake, open space,
large-scale seismic disaster, wide-range cooperation, dis-
aster response, geospatial information analysis

1. Introduction

Japan is well known for earthquakes. According to spe-
cialists, the probability of the occurrence of M7 earth-
quakes within 30 years for the Tokai Earthquake, To-
nankai Earthquake, Nankai Earthquake, and Metropoli-
tan Epicenter Earthquake is extremely high. It is esti-
mated by the national Central Disaster Prevention Coun-
cil that earthquake occurrence rates within 30 years for a
“Metropolitan Epicenter Earthquake” is as much as 70%,
and the estimation of damage for a North Tokyo Bay
Earthquake is about 11,000 casualties and ¥112 trillion
in economic loss. This is the worst scenario simulated
among 18 types of earthquake motion [1, 2].

In response to this, the “Countermeasure Outline for
Tokyo Metropolitan Earthquake” was enacted in Septem-
ber 2005 [3]. It was modified when the “Emergency Oper-

1. This manuscript is based on the paper published in the Journal of Social
Safety Science, No.13, pp. 293-303, 2010.11 in Japanese.
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ation Procedure for Tokyo Metropolitan Earthquake” was
enacted in January 2010 [4]. One of the additional coun-
termeasures is “‘the response to an enormous number of
evacuees and temporal housing.” Specifically, they de-
scribe the importance of assessment of the situation for
existing evacuation shelters to ensure function and to uti-
lize facilities, not only public but private, as a counter-
measure to make up for the current shortage of evacuation
shelters. They also describe the importance of a logistic
strategy for the smooth provision of relief supplies and the
importance of the utilization of vacant houses and apart-
ments instead of building prefabricated houses as a coun-
termeasure for temporal housing. It describes problems
of waste disposal as well.

As observed above, each countermeasure and emer-
gency response requires a physical site first. It is therefore
necessary to manage open space in order to achieve each
countermeasure.

At the same time, wide-range cooperation among lo-
cal governments is promoted. Already, several agree-
ments have been made by the research council of 9 mu-
nicipalities’ disaster prevention summit. They have been
stated explicitly in each Regional Disaster-Prevention
Plan. There are, however, different degrees of interest
and perception gaps, so it is not clarified how much open
space can be used or shared among local governments.
An action assignment has been pointed out by Dr. Itsuki
Nakabayashi that “Cooperation of local government is
necessary, but redesign of a system is not enough. This
is because the current Regional Disaster Prevention Plan
tends to organize within their organization” [5].

On another front, after the Great Hanshin-Awaji Earth-
quake, many local governments have facilitated the intro-
duction of disaster information systems to manage large
amounts of data effectively. In a previous study, for ex-
ample Dr. Mitsunori Hatayama took the lead in develop-
ing the Disaster Management Spatial Information System:
DiMSIS as a spatial temporal information system to try
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to manage postdisaster information retaining continuity in
business routines using GIS [6, 7]. Regarding the “Open-
Space Management,” however, it is anything but an ad-
ministrative task to collect and store basic information.
In another example, Dr. Nagahisa Hirayama considered
wide-range cooperation for managing waste disposal. In
this research, analysis was based only on total waste dis-
posal of each prefecture.

To recap what has been explained above, in response to
huge earthquakes such as a “Tokyo Metropolitan Earth-
quake,” it is necessary to manage available space to de-
ploy various countermeasures and to ready strategic plans
to maintain and effectively utilize social infrastructures
including “Open Space.” In order to do this, not only
handle information of open spaces after earthquake oc-
curred but also preliminarily plans are needed for manag-
ing and sharing information. There is, to our knowledge,
no study that takes a comprehensive, panoramic view of
“Open Space.”

The purpose of this study was to clarify the usefulness
of wide-range utilization of an open space database, and
to clarify issues in its overall management.

2. Outline of the Study

To accomplish the above purpose, we investigate the
problem schemes of open space based on the logis-
tic process of the Theory of Constraints (TOC). It is
an overall philosophy, developed by Dr. Eliyahu M.
Goldratt, usually applied to running and improving an
organization. The TOC consists of Problem Solving
and Management/Decision-Making Tools called Think-
ing Processes. The TOC is applied to logically and
systematically answer following three questions essen-
tial to any process of ongoing improvement: 1) What to
change?, 2) To what to change?, and 3) How to cause
the change?. We also investigate the geospatial distribu-
tion and size of open space area quantitatively based on
a land-use database. Then we suggest a basic decision-
making concept model for the location and allocation of
open space as a total management system.

3. Identifying the Problem Structure of ‘“Open
Space”

First of all, we clarify the core issues behind the rela-
tion to each problem concerning open space by describing
the problem structure as a current reality tree (CRT). The
CRT is one of the parts of the “thinking process” in the
TOC. It is a sufficiency-based logic (if...then...) tool
that is used to fully describe the relation of the existing
situation and the current problematic reality. Its purpose
is to enable users to understand how the various issues and
problems they face are related to each other, to their poli-
cies, measurements, and practices and to the core conflict
identified through the process described above.

In 2008, several workshops were held to sort out
problems involved in the “Metropolitan Epicenter Earth-
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Fig. 1. CRT of open space derived in workshop.

quake.” Ms. Jie Cheng reported that attempts were made
to correct the statement of “Undesirable Effect (UDE)”
and structured 22 functional layer models by integrating
super structure of social model into TOC [9]. In this
framework, the “open space” category is positioned as
one of the important concepts that is totally involved in
the “Individual,” “Private Sector Activities,” “Infrastruc-
ture” and “Environment.”

In this study, we attempted to clarify the problem struc-
ture concerning “Open Space” by using statements of
UED that was corrected by Ms. Cheng. We made a CRT
based on causality.

3.1. The Current Reality Tree (CRT) of “Open
Space”

The CRT shows the linkages that describe why situa-
tions exist or why we believe particular actions will result
in certain outcomes (Fig. 1).

In normal times, open spaces represented by greenery,
parks and recreation are in demand in the formation of
a good urban environment such as “heat island” mitiga-
tion, ensuring biodiversity and pollution prevention and
mitigation. They are also necessary in terms of culture
and social and mental health. Urban parks have been es-
tablished based on law and standards for the purpose of
contributing to the promotion of public welfare.

They are also in demand from the aspects of disaster
prevention, such as the prevention of fire spreading, emer-
gency shelters. This is why open spaces have been main-
tained before the occurrence of disaster such as earth-
quake, fire etc.

Urban areas are, however, developed to satisfy conve-
nience and productivity growth, driven by advanced land
use. Even now in Japan, there are high-density areas of
old wooden houses spilling over from Building Standards
Act during high economic growth in the post World War
IT period. It is assumed that there are not enough sites
to ensure open space which then causes a lack of open
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space to explore several activities after earthquakes. Even
if there is temporarily vacant land, it is usually difficult to
receive permission from owner for usage. This is because
owners can be private and public sectors, and for private
sectors, negotiating with landowners for the permission
may be troublesome. Worse yet, some people will start to
occupy available space illegally, which spurs the threat of
a lack of open space.

Activities that require open space in order to implement
an effective disaster response are evacuation space (mu-
nicipalities), debris processing (Ministry of Environment)
and provision of support and collection of relief supplies
(Ministry of Home Affairs, Cabinet Office), provision of
temporary residences (Ministry of Health, Labour and
Welfare), and so on. In an unprecedented large-scale seis-
mic disaster, multiple prefectures will be suffered at the
same time and the above activities are expanded to over-
lap in time and space. This means that the efficient alloca-
tion of open space beyond local governments to outside of
current regional disaster prevention plans is not possible.
That is to say, each division scrambles for open space, but
every corresponding delays will cause negative effects.

3.2. Solution of Core Conflicts

Next, following the steps of the TOC, we found core
conflicts based on the results of the CRT, and considered
the “Evaporating Cloud” method in the TOC to solve each
conflict.

Setting the “living of a happy life” as the common
goal of the general public, there is no conflict between
demands for “ensuring the safety and security of urban
space” and “increasing the productivity of urban space.” It
is more like a desirable eventuality. But at the stage of ac-
complishment to meet these demands, a conflict emerges
between “open space needed in affected areas” and “no
open space in affected areas.” This dilemma can become
a bottleneck in the execution of operations that can safely
and quickly set up the organization when disaster strikes.
To consider countermeasures against this, three methods
are derived based on the CRT: 1) Relocate victims to sub-
urban area, 2) Create a new open space, and 3) Manage
overall open space.

We made a new proposal for considering these three
countermeasures.

For the first one, relocate victims to suburban area, after
the “Great Hanshin-Awaji earthquake (1995),” difficulties
and issues are pointed out in relocating to areas away from
the prior residences of those who lost their homes. As a
matter of fact, however, the Central Disaster Management
Council Meeting of experts reported that Tomakomai city
and Niigata Prefecture offered to accept as high as 1 mil-
lion evacuees [10]. This should be kept in mind as one of
the possible options for countermeasure considering the
number of demolished or burned buildings which were
eight times more than that of 1995 Great Hanshin Awaji
Earthquake.

For the second countermeasure above, i.e., creating
new open space, there are several proposals based on con-
ventional town planning or the new concept of a compact
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city. Grandiose projects such as the construction of super
levees are also among the proposals, but the effectiveness
of any of these options is low if it is to be constructed in
built up areas. There are, moreover, contradictory entities
such as “how much open space exists and where it is.”
This means the situational awareness has not been estab-
lished.

We therefore focused on the third option, “manag-
ing overall open space,” performing further analysis con-
sidering quantitative understanding of the open space at
present.

4. Quantitative Understandings of the Open
Space Present

Following the World Trade Center attack in New York
City on September 11, 2001, a “national incident man-
agement system” (NIMS) was formulated at the end of
February 2003 in the US. NIMS is determined through
reference to the “standardized emergency management
system” (SEMS) originating in California. An “incident
command system” (ICS) is considered as an element of
NIMS. In the ICS, resource management including open
space has been clearly defined as a function to be provided
by headquarters.

In Kobe, Japan, for example, which was the site of the
1995 earthquake, the city has developed a manual and
forms to manage open space in its regional disaster pre-
vention plan [11]. It lists applications for open space
needed after a disaster as follows: Sites for 1) lifeline
restoration, 2) recovery conducted by disaster-related or-
ganizations, 3) parking, 4) interim heliports, 5) evacuation
shelters, 6) trash and debris, 7) relief aid, 8) temporary
housing and 9) miscellaneous. In general, information
and needs of more than 1,000 square meters of open space
are supposed to be kept track as post event operations at
Kobe city.

Moreover, the “Countermeasure Outline for the Tokyo
Metropolitan Earthquake” recommends that local govern-
ments record and update information on open space be-
fore earthquake occurs. To do so, for instance, Yokohama
and Kawasaki cities have explicitly listed open space that
not only has the name, address and area of an available
site, but also the classification by use for emergency sit-
uations in their “regional disaster prevention plans.” We
mentioned however in the previous chapter that current
planning is based on ownership of open spaces. In the
“Metropolitan Epicenter Earthquake,” it is considered that
wide-range cooperation beyond local governments is nec-
essary that leads to the long-term collaboration. That is
to say, we are able to put tasks ranging from “managing
overall open space” to “managing the list of open space
among local governments and organizations” as one of
the major solutions to post-earthquake open-space man-
agement. A comprehensive database of open space is in-
dispensable for accomplishing this solution.

Ministry of Land, Infrastructure, Transport and
Tourism (MLIT) (2003) has simulated the amount of de-
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Table 1. Exposure area per estimated JMA seismic intensity.

Arealhal 4 5 Lower 5 Upper 6 Lower ' 6 Upper Total
Tokyo 19,637 32,303 37,133 60,053 32,850 181,978
Kanagawa 0 20,903 129,446 96,848 2,201 249,398
Chiba 732 56,647 295,679 143,294 22,932 519,283
Saitama 90,243 112,563 113,806 59,901 6,684 383,197
SUM 110,612 222416 576,064 360,096 64,668 1,333,855

Table 2. Exposure population per estimated JMA seismic
intensity.

Population 4 5 Lower 5 Upper 6 Lower 6 Upper Total

Tokyo 2,888 36,643 1,832,453 7,311,142 3,315,157 12,498,283
Kanagawa 0 41,849 1,792,393 6,243,801 | 193220 8,271,263
Chiba 9,554 178,371 1,276,538 3,608,545 = 877,192 5,950,200
Saitama 107,041 859,187 2,805,431 3322513 527,144 7621316

Fig. 2. The seismic intensity estimation for North Tokyo-
Bay Earthquake overlaying with the extent of land-use data.

mand and allocation of open space for reconstruction-
restoration by aggregate data per municipality, but MLIT
point out that investigation on spatial distribution is nec-
essary [12].

4.1. Aggregation of a Dataset of Open Space

Most “regional disaster prevention plans” of munici-
palities do not provide enough information to identify
open space spatially. This means it is too difficult to col-
lect and compare information on open space comprehen-
sively throughout the entire metropolitan area. It is eas-
ily predicted in using land-use data that each municipality
should have correct urban planning, but it is not devel-
oped to the same accuracy in digital format and it is not
available for all academic researchers, depending on the
municipality.

We therefore decided to aggregate land-use data that
anyone can purchase at a reasonable price. “Digital Map
5000 (Land Use) Tokyo metropolitan district 2000 [13]”
is chosen for Kanagawa, Saitama, and Chiba prefectures,
and “Detailed Digital Information (10 m Grid Land Use)
1994 [14]” supplements the missing part, Tokyo. We also
combined “School Point Data [15]” and the data equiva-
lent of “Digital Map 2500 [16]” in order to expand and
improve the classification accuracy of attribute informa-
tion that caused the difference in spatial resolution and
date of issuance.

Figure 2 shows the seismic intensity estimation for the
North Tokyo-Bay Earthquake overlain by the extent of
land-use data. Land-use data is not developed for moun-
tainous regions west and east of the map, but these unde-
veloped areas can be eliminated as available open space
from the standpoint of usability, accessibility, and the de-
gree of seismic intensity. We developed a GIS database
for open space in metropolitan areas using the following
procedure:

1) Convert XML files with standards appropriate for
“Japan Profile for Geographic Information Stan-
dards” (JPGIS) to the shapefile format.
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SUM 119483 1,116,050 7,706,815 20,486,001 4912713 34,341,062

Table 3. The number of open space categories per JMA
seismic intensity.

Count 4 5 Lower 5 Upper 6 Lower 6 Upper @ Total
Unused 6,906 88,653 168,725 168,664 299,765
Park and Recreation 9 2,041 17,578 29,693 = 29,675 55972
School 29 462 3,208 6,482 1,380 11561
Public Facilitiy 1,338 18462 34879 10,853 65532
Other 17 161 652 716 57 1603

Sum 55 10908 128,553 240,495 240403 434433

2) Extract “Unused,” “Parks and Recreation,” “Land for
public facilities,” and “Miscellaneous” based on the
code value of the land-use type.

3) Subtract cemeteries and shrine and temple grounds
from polygon data in the previous step.

4) Calculate area for individual polygon data items.

5) Spatially join the attribute table of polygons with
seismic intensity and the name of the municipality.

Tables 1 and 2 show the results of tabulation analysis of
exposure area and population per seismic intensity using
“Total population by gender (2005) [19].” The methodol-
ogy is similar to that of Dr. Nobuoto Nojima [17] or Dr.
Shingo Suzuki [18].

4.2. Trends in Categorized Open Space

In this section, we reclassified, in detail, the types of
open space into five categories: “Unused land,” “Parks
and Recreation,” “School Property,” “Land for Public Fa-
cilities,” and “Miscellaneous” such as defense facilities,
U.S. military areas, training grounds, golf courses, and
other facilities related to imperial residences. Then, de-
termine the characteristics of spatial distribution, number,
and size in each category quantitatively. To minimize con-
fusion, this result does not consider the area of built facil-
ity. This is because calculated data is based on land use.
Also, the error tolerance level is relatively higher in the
Tokyo area because of the resolution (10 m square) of the
data source.

The number of open space categories per seismic inten-
sity scale is shown in Table 3.
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Fig. 3. Count of each open space per Area [m] at JMA seismic intensity 6 upper and 6 lower.

Table 4. Compiled area of unused land by JMA estimated
seismic intensity.

AREA [ha] 4 5 Lower 5 Upper 6 Lower 6 Upper  Total
Tokyo 0 60 2,087 i 3,048 1,781 6,975
Kanagawa 0 7 2,013 i 5,245 164 7,429
Chiba 0 7 2,674 : 8,040 1,518 12,240
Saitama 0 1,004 4,805 3,511 415 9,736
Sum 0 1,079 11,579 19,843 3,878 36,380
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4.2.1. Trends in Unused Land

This category includes vacant land which is made by ar-
tificial arrangements such as roofless parking lot and sites
to keep equipment. The most of this category belongs to
private ownership. The calculated area of each open space
per IMA seismic intensity is shown (Table 4). And the
calculated number of each open space size per JMA seis-
mic intensity of 6 upper and 6 lower is shown (Fig. 3a)
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Table 5. Compiled area of park and recreation land by IMA
estimated seismic ntensity.
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Table 7. Compiled area of public facilities land by JMA
estimated seismic ntensity.

AREA [ha] 4 5 Lower 5 Upper 6 Lower 6 Upper Total AREA [ha] 4 5 Lower 5 Upper 6 Lower 6 Upper Total
Tokyo 0 79 1,484 : 3,288 2,199 7,050 Tokyo 0 44 798 : 1,518 1,770 4,130
Kanagawa 0 16 1,679 B 4238 162 6,095 Kanagawa 0 5 876 B 3,369 319 4,568
Chiba 2 39 1,268 B 3,742 776 5,827 Chiba 0 9 818 B 2,095 1,048 3,969
Saitama 15 1,372 3,103 2,146 221 6,856 Saitama 0 253 1,707 1,341 123 3424
Sum 17 1,507 7,533 13,415 3,357 25,829 Sum 0 310 4199 8,323 3,259 16,091

Table 6. Compiled area of school property by JMA esti-
mated seismic intensity.

Table 8. Compiled area of others by JMA estimated seismic
intensity.

AREA [ha] 4 5 Lower 5 Upper | 6 Lower 6 Upper  Total AREA [ha] 4 5 Lower 5 Upper 6 Lower _ 6 Upper  Total
Tokyo 0 23 1,135 L 3,300 1,083 5,542 Tokyo 0 403 1,560 ! 1,277 1,630 4870
Kanagawa 0 1 1,001 2801 86 3,899 Kanagawa 0 325 3220 7 2,497 16 6,058
Chiba 4 132 954 L 2,536 436 4,060 Chiba 9 178 3,999 : 4,395 170 8,750
Saitama 60 768 2,050 1,501 122 4,500 Saitama 361 2,615 1,984 1,257 8 6,226
Sum 63 934 5,140 10,138 1,726 18,001 Sum 369 3,622 10,763 9,425 1,824 25,904

where there is expected to be especially serious damage.
A relatively small area is likely to be used as temporary
shelters or site for debris at the community level. In addi-
tion, any overflow of population from evacuation sites or
people who do not want to experience evacuation shelters
where no privacy is possible are considered to live in their
cars.

4.2.2. Trends in Parks and Recreation

This category contains public facilities such as parks,
zoos, and botanical gardens and sports and athletics facil-
ities such as multi-purpose stadiums and baseball stadi-
ums. The area calculated for each open space per JMA
seismic intensity is shown in Table 5 and the calculated
number of open space size per JMA seismic intensity of 6
upper and 6 lower in Fig. 3b. Generally, there are cri-
teria of area size for each kind of park in urban plan-
ning, e.g., greenery spaces are 0.1 ha, street parks are
0.25 ha, and community parks are 2 ha. Comparatively for
their size, these areas are likely to be used as wider area
evacuation sites, construction sites for temporary hous-
ing, site to store rescue equipment or debris, and staging
sites for Japan Self-Defense Forces (SDF). According to
the Japanese government’s cabinet office, the location of
temporary housing is often assumed to be constructed at
evacuation sites or wide-area evacuation sites that are not
specified as other use by local governments [20].

4.2.3. Trends in School Property

This category contains space for educational facilities
such as schools, laboratories, libraries, and museums. All
kinds of public and private educational facilities are iden-
tified by school data represented as point [16]. The area
calculated for each open space per JMA seismic intensity
is shown in Table 6 and the calculated number of each
open space size per JMA seismic intensity of 6 upper and
6 lower shown in Fig. 3c. The most regional disaster pre-
vention plan considers the public open spaces as evacua-
tion sites or shelters and high school grounds are supposed
to be used for emergency heliports. Public educational fa-
cilities in Tokyo, Saitama, Chiba, and Kanagawa number
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6,735. If all education facilities following an earthquake
with a JMA seismic intensity of 6 or over were opened as
evacuation shelters, the total number of open space will
increase by 955, rising to about 1.7 times.

4.2.4. Trends in Land for Public Facilities

This category contains space for public service districts
such as sites for national and local government facili-
ties and space for supplying/processing facilities such as
water/sewage treatment plants, incinerators, and electric
transformation station. This category also contains space
for social welfare facilities such as hospitals, sanatori-
ums, and nursing homes. Transportation facilities such
as bus garages, ports, and airports belong to this category.
Roads, railways, and other spaces categorized in the pre-
vious step have been excluded. The area calculated for
each open space per JMA seismic intensity is shown in
Table 7 and the calculated number of open space size per
JMA seismic intensity of 6 upper and 6 lower shown in
Fig. 3d.

4.2.5. Trends in Others

This category contains space such as defense facilities,
the U.S. military areas, training grounds, golf courses, and
facilities related to imperial residences. The area calcu-
lated for each open space per JMA seismic intensity is
shown in Table 8 and the calculated number of each open
space size per JMA seismic intensity of 6 upper and 6
lower shown in Fig. 3e. Absolute numbers are lower com-
pared to the other four categories, but large land areas of
over | hectare (= 10,000 square meters) is dominant, so
these areas are likely to be used as staging areas for large
scale troops and temporary towns. Currently, several golf
clubs have agreements with municipalities for emergency
use such as helicopter airfields and providing meals and
baths. This does not allow full use of such courses for
now. Considering golf courses alone, there are 443 sites
and a total area of 14,854 ha. The amount of remaining
available open space is said to have the potential for other
applications.
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4.3. Amount and Spatial Distribution of Catego-

Mesh analysis is done to clarify the spatial distribution
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rized Open Space

of open space as shown in Fig. 4.
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f) Total

Each category of open space is aggregate in a unit
mesh, i.e., squares 250 meters on a side. The area ag-
gregated is divided into five grades: the darker the color,
the higher the occupation ratio for each mesh.
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Results clearly identify several characteristics as fol-
lows:

In the case of “Unused Land” in Tokyo, there are spots
of light grey color that have over 20% occupation around
old parts of towns and away from central districts. There
are also relatively high occupation areas around Tokyo
Bay as shown in Fig. 4a. In the case of “Parks and Recre-
ation,” there are spots of deep color both small and wide.
There are long strings along borders between prefectures
with first-class rivers as shown in Fig. 4b. In the case
of “Schools,” there are many scattered sites. In partic-
ular, away from central Tokyo are wide areas as shown
in Fig. 4c. In the case of “Public facilities,” there are
widespread areas around Tokyo Bay as shown in Fig. 4d.
In the case of “Miscellaneous,” there are wide spots of
deep color in suburban area in each prefecture in Fig. 4e.
Similarly, aggregate calculation of total open space is
shown in Fig. 4f. As explained above, open space and
their area are identified by mapping visualization in GIS.

In considering not only the supply of open space but
also the demand for it, the map that describes the rela-
tionship to night population and boundary line of IMA
Estimated Seismic Intensity is shown in Fig. 5.

Compared to previous spatial distribution maps, spatial
characteristics are confirmed such as low-vulnerability
and rich open space districts such as in Chiba prefecture
or highly vulnerable and poor open spaces such as Tokyo
Metropolitan Prefecture. Total open space area per per-
son by prefecture and JMA estimated seismic intensity is
shown in Table 9. It is thus possible to accommodate cer-
tain countermeasures with necessary open space in and
out of individual prefectures.

To further verify the effect of wide-range coordinated
use of open space, the distance between open spaces and
to the nearest boundary is calculated, together with cumu-
lative existing rate based on distance from boundaries as
shown in Fig. 6.
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5 Lower 221
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Tokyo 6 Lower 17 23
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5 Lower 150
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6 Upper 26
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. 5 Upper 132
Chiba 6 Lower 55 63
6 Upper 47
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Saitama 6 Lower 33
6 Upper 22
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Fig. 6. Cumulative existing rate based on distance from

administration boundary.

Open space, except for the category of parks and recre-
ation, occupies 60% to 70% of 1 kilometer from an ad-
ministrative boundary. Trends in the unused site and pub-
lic facilities categories are very similar. The biosphere
in disaster prevention and emergency response is usually
considered within 1 kilometer square, which means that
more than half of open space is assumed to be unavailable
because it is in different administration. In other words,
applying the merit of scale could be possible by managing
a broad perspective beyond the municipal framework.

Looking back here, it is better to exclude vegetation
and building footprints in determining actual available
area, but we were able to clarify the absolute amount of
open space and distribution around metropolitan Tokyo by
combining available land-use data to make do with what
we have. It is thus clear that Tokyo has quite a bit of open
space. Because we are thinking about open space with
perception gap, out thought lose touch with the realities in
the world. This means that comprehensive database man-
agement is the only way to share a common operational
picture with stakeholders.
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5. Proposal for Open Space Database Manage-
ment

Decision-making and problem resolution concerning
open space in disaster response requires two conditions
under in a situation of constraint-free application of popu-
lation as mentioned earlier. The first condition is whether
there is open space that meets the conditions necessary
for a stated purpose. The second condition is whether the
government can cordon off open space, including munic-
ipalities in the varying support done chronologically. It
is, for example, important to bridge the perception gap
between realities leveraging a database [21].

“To utilize a database of open space in a disaster re-
sponse” is nothing but a process of whether open space
exists and how to allocate limited resources considering
multiple aspects of open space while setting the amount
of available resources at the time as a state variable. It
can also be regarded as a mathematical model such as in
stochastic optimization or multi-period planning. To exe-
cute these decision support methods, comprehensive man-
agement is important in utilizing an open space database.

In this chapter, we propose a conceptual information
management model for decision-making on open spaces
and summarize the need for evaluation axes. To construct
and operate a database, in addition to organizing tasks re-
quired in these processes, we discuss feasibility.

5.1. Conceptual Model of Information Manage-
ment for Decision-Making

Gathering information about open space is necessary to
make decisions on the use of open space, and such infor-
mation is selected based on to criteria such as the capabil-
ity of the application and created alternatives. We there-
fore propose the multitier model shown in Fig. 7. The first
tier is the goal, the second is criteria for application, the
third is the criteria of function, the fourth is the criteria of
use period, and the fifth is alternatives. A specific exam-
ple from Dr. Sato involves optimum resource allocation
for temporary housing [22]. This refers to the reasonabil-
ity of optimum resource allocation rather than conjoint
analysis.

Following the example provided by the city of Yoko-
hama, elements making up the second, or application, tier
is as follows [26]:

1) Temporary evacuation site,
2) Heliport,
3) SDF camp,
4) Assisting troop’s camp,
5) Supplies depot transport,
6) Site for temporary waste,
7) Site for household waste,
8) Site for recovery material,
9) Site for temporary housing,
10) Temporary shop and business office,
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Fig. 7. Multitier decision-making model of open space.

11) Urban development,
12) Disaster public housing, and

13) Site for restoration material.

The elements that make up the function, or third, tier
include type of land use such as available area, current
occupation, infrastructure development, and ownership.
Kanagawa prefecture, for example, determined the site
for temporary housing to match conditions, such as “no
flooding, landslides, or other hazards,” “water and elec-
tricity can be maintained easily,” “construction materials
can be easily transported,” “no hindrance exist to daily
life,” and “if other requirements are equivalent, priority is
in the order of public, state, private land.” Guidelines on
area size exceed 2,000 square meters for public land and
over 4,000 square meters for private land [27].

The regional disaster prevention plan for each munici-
pality includes guidelines on area size exceeding 1 hectare
for debris handling and for wide evacuation areas to be at
least 10 hectare in size.

Elements making up the use period, or fourth, tier is
imperative in addressing a time schedule. Dr. Noboru Ma-
suda mentioned that post-earthquake park usage patterns
have been changing gradually in the first motion stage,
and application is segregated by park area size and loca-
tion [23]. Time-oriented zoning is also necessary for the
use of Metropolitan Park in disaster periods [24]. Hens,
the chronological order of scenes that require open space
is organized as follows:

In the first motion, evacuation shelters and relief centers
are prioritized. Second, in the emergency period, recovery
facilities are prioritized. Third, in the recovery period,
needs for temporary and recovery housing and temporary
sites for reconstruction or demolition waste increase. As
can be seen, the weighting ratio for the use of open space
is also affected by time series variations in need.

5.2. Proposal for the Construction and Operation of
a Database

Paper-based business processes are useless in a
“metropolitan epicenter earthquake” due to the damage
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scale, range of influence, and diversity of persons or or-
ganizations supporting post-disaster services. To take ad-
vantage of ICT technology, wide-range database systems
for open space management should be developed based
on the model we have proposed. In order to allocate avail-
able open space, preliminary data correction, integration,
and post management/organization are required based on
the needs of users. We organized tasks required in these
courses of proceedings and studied the feasibility of im-
plementation.

5.2.1. Preparation Before Earthquakes

Basically, characteristic values used in the assessment
of open space is should be filled in as much as possible
in the planning stage. It is also necessary to make an ef-
fective mechanism that reflects the results of field surveys
after a disaster. Most municipalities assume the use of
public land alone, but private land must be used in a large-
scale disaster. Land-use data on urban planning in every
municipality is required and must be reviewed once every
five years. It is possible to easily and accurately identify
the population of existing open space by use. It is a waste
not to use and consider the relations with such a database
as a part of open space management for nation-wide coun-
termeasure and response.

Local governments should review how public informa-
tion is used. Most municipalities have official websites
and upload regional disaster prevention plans, but formats
and disclosure may differ greatly with the individual or-
ganization. To benefit fully from a digital format, data
should be shared freely and made freely available. Given
database use, excessive “protection” should be avoided in
database use.

Address data or x-y coordinates are very useful for in-
dicating locations on maps. Japanese address system is
complex, so it is hard to join tabular data of x-y coordi-
nation with character strings of address. Standardizing
information processing, Dr. Go Urakawa has proposed
a technique using geo tagging spreadsheets, which have
number codes for each address as a uniform rule. If it
is difficult to apply the same method as above, a world-
wide location code system is useful, e.g., Local Point or
N code by private companies. “Ucode” developed by the
Geographical Survey Institute is useful. A coordination
mechanism linking IDs helps in making an immediate
wide-range disaster response. When it comes to sharing
information on a national scale, however, remote systems
and services such as WebGIS may be developed but it is
difficult to use it interactively for everyone.

To improve this situation, it is necessary to improve in-
formation literacy and appreciation for the protection of
personal information to provide information.

5.2.2. Managing Reception Tables

Applicants should fill up the application forms includ-
ing purpose of using open space and duration in addition
to contact information. For data entry operators, this in-
volves the process of expanding attribute tables that can
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link master sheets of an open space database using unique
IDs as Primal/Foreign keys.

5.2.3. Allocating Open Space

Allocating open space matches the entity of an ap-
plicant list to the entity of available open space reason-
ably. It should be remember in management to consider
both the results of matching and the reference process to
avoid duplicating efforts. This means using the concept
of log management, e.g., date of inquiry, permission, and
start/end.

When choosing open space from available space, some
cases are expected to accept multiple functions simulta-
neously, such as putting evacuation shelters, site for dis-
aster waste, and restoration material for a former factory
site. Other cases may require the assignment of similar
functions on small open space available existing nearby
considering cost benefits and efficiency of transportation.
Handling these cases requires spatial query capability in
addition to attribute query capabilities. Dr. Keiko Inagaki,
for instance, proposed a method of making zonal classifi-
cation to ensure the autonomy of disaster prevention cen-
ters when lifelines are disrupted and suggesting the exis-
tence of complex usage in terms of spatiality, functional-
ity, and usability of open space [28].

It is also essential that the period of use accommodate
responses to changing needs over time and with changes
in the disaster phase. If, for example, open space is in-
sufficient for a required amount, it is desirable to con-
tinue to optimize all disaster response operations by ad-
justing the time period of use. It is an effective approach,
for example, to implement functions to check automat-
ically whether open space has been reserved and to ex-
clude such space from search suggestions by marking al-
ready reserved space. To understand the situation at the
city, district, and individual levels, functions to work with
the Gantt charts often used in project management are ef-
fective.

5.2.4. Management and Operations

To guarantee the quality of decision-making, in addi-
tion to information and decision-making criteria, people
and organizations must manage and operate open space
information. Organizations must manage overall situa-
tions by overlooking municipalities and local government
and supporting metropolitan cities. Plans have been de-
veloped for an institutional wide-area disaster prevention
base. A central base of operations for disaster prevention
in the Tokyo metropolitan area, called the Ariake no Oka
Core Wide-Area Disaster Prevention Base was complete
in June 2009 at the Tokyo Rinkai Disaster Prevention Park
This base houses emergency response facilities, including
local disaster management headquarters and institutions
that compile disaster-related information and coordinate
emergency disaster measures. It is reasonable for an open
space management system to be operated in such a fa-
cility. To support system continuity with normal flexible
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decision-making theory. We then discussed evaluation
criteria and other requirements for a feasible management
system.

Since we used only land-use data from different pub-
lications, available space should be more fully analyzed
taking into account other geospatial data such as build-
ing footprints. Updated regional disaster prevention plans
should be checked to verify weighting factors of criteria
in a decision-making model.
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cooperation with organizations or independent adminis-
trative institutions consisting of experienced experts and
practitioners should be considered or, alternatively, they
may be outsourced.

The following is an overview of the concept of use de-
rived from above, as shown in Fig. 8.

6. Conclusions

We have analyzed the development and implementa-
tion of an open space database for comprehensive wide-
range management of applications for a metropolitan epi-
center earthquake targeting Tokyo, Kanagawa, Chiba, and
Saitama Prefectures.

We developed a current reality tree to clarify core is-
sues behind relations with individual problems with open
space. Open space is required in various disaster re-
sponses, but is assumed to involve a shortage from the
perspective of physical and usage constraints in built-up
urban areas. We demonstrated the importance of manag-
ing Open space as a highly feasible solution to resolve
conflicts.

Based on validation for developing a basic database,
data entities for open space can be constructed relatively
easily and comprehensively using land-use data. We per-
formed geospatial processing to extend attribute data and
analyzed the amount and spatial distribution of open space
based on the categorized type. Although more advanced
quantitative evaluation should be developed, we have in-
dicated the importance of open space supply and demand.

We proposed a conceptual model of information man-
agement for decision-making to utilize the database with
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