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Background

In November 1975, the Tokyo Metropolitan Government
announced the results of its first assessment of earthquake
risks facing communities (limited to the Tokyo ward area at that
time) based on the Tokyo Metropolitan Earthquake Prepared-
ness Ordinance (then Earthquake Management Ordinance).
Since then, studies have been conducted about once every five
years incorporating new earthquake-related information and
knowledge, and latest data on buildings and other changes in
the urban landscape.

This seventh assessment examined 5,133 communities in
Tokyo’ s urbanization areas. Each community’ s vulnerability to
building collapse and fire hazards resulting from earthquakes

was assessed. And for the first time, this study also assessed
risk that considered emergency response difficulty (an index
derived from assessments of the existing roadway network,
which supports emergency operations), to take into account
how easy (difficult) it would be to conduct emergency response
operations such as evacuation and firefighting.

In order to conduct this study, the Community Risk Assessment
Committee, made up of disaster management experts, was
formed to study all aspects of this investigation, including
improvements for new, more accurate methods of assessment.
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Is Your Community Safe?
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Assessing Your Community’s Earthquake Risk

Japan is one of the most earthquake-prone countries in the
world, experiencing about 10 percent of the world’ s temblors.
Experts say that there is a 70 percent chance for a massive
earthquake with a magnitude of about 7 to hit the southern
Kanto region within the next 30 years.

What risks does your community face in the event of a huge
earthquake? Ground shaking can trigger building collapse and
the outbreak and spread of fires, resulting in devastating
damage. This study assessed your community’ s earthquake
risk.

How to Use This Earthquake Risk Assessment

In order to make Tokyo a city that can stand up to disasters, it
would be important to not only build a disaster-resilient city by
upgrading roads, parks, and other infrastructure, and making
buildings fire-resistant, but to also have each and every resident
of Tokyo fully prepared for a disaster. This earthquake risk
assessment will be used to select communities that need
disaster-resilience improvements and it is hoped that it will also
benefit the communities’ residents in furthering their own prepa-
rations.
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What Is Community Earthquake Risk?
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Community earthquake risk is a relative assessment that rates communities on a scale from 1 to 5 as follows according to the
community’ s degree of vulnerability to the hazard.
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Note: Since risk rating is a relative assessment, a community’ s rating could, despite safety improvements, change to the worse if

other communities make even larger improvements.
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This study assesses each community’ s vulnerability to the
following hazards. Risk in light of emergency response difficulty
(an index derived from assessments of the existing roadway
network, which supports emergency operations), was also
assessed from this seventh study to take into account how easy
(difficult) it would be to conduct emergency response opera-
tions such as evacuation and firefighting.

-Building collapse risk (danger of building collapse)

-Fire risk (danger of spread of fire)

-Combined risk (danger of building collapse and spread of fire)
-Risk in light of “emergency response difficulty” [new]

(Risk in light of the ease (difficulty) of conducting emergency
response operations such as evacuation and firefighting)

What Kind of Earthquake Is Assumed in the Study?

As it is not known when or where an earthquake will hit, this
study does not assume the occurrence of a specific earth-
quake, but assesses risk by applying the same conditions, such

2

as seismic intensity, for all areas.

What Is “Emergency Response Difficulty”?

When buildings collapse or fires break out from an earthquake,
how easy (or difficult) it is to evacuate from the stricken areas or
conduct firefighting and rescue activities will affect the scale of
further damage. “Emergency response difficulty” is an index of
the ease or difficulty of such operations based on assessments
of the existing road infrastructure including the density of the
road network and the number of wide roads.

How Is Community Earthquake Risk Assessed?

This study scientifically assesses earthquake risk based on
data such as the number of buildings by type of structure
(wooden, reinforced concrete, etc), age, number of stories, etc.;
the use of open-flame appliances or electric heating appliances
by building purpose; and the state of roads and parks (see
assessment flowchart). In principle, assessments were con-
ducted for each community in the urbanization areas of the 23-
ward area and Tama area of Tokyo.
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Flowchart of Community Earthquake Risk Assessment
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Classifying and Aggregating buildings

Classifying soil condition

- Number of buildings according to building type
(structural type, year built, number of stories, etc.)

- Soil classification
- Liquefaction
- Cut and fill

3
Assessing building collapse risk
- Number of buildings according to building type
(structural type, year built, number of stories, etc.)
- Classifying soil condition
3 J
~
<Building collapse risk>
- Assessed by the number of buildings times the
collapse ratio based on structural-type and soil-type
* Explanation on pp. 6 - 8
*Maponp. 9
J

Assessing earthquake-triggered
fire risk

- Risk of fire-outbreak
- Risk of fire-spread

r

<Fire risk>

- Assessed by combining fire-outbreak and
fire-spread risks

* Explanation on pp. 10 - 12

*Map onp. 13

earthquakes
* Explanation on p. 14
*Map onp. 15

<Combined risk>

- Combined risk of building-collapse and fire due to

Emergency response difficulty

\

- Assessment of how easy it would be to conduct disaster response
operations, indicated from the status of the existing roadway
network, including road width and density

- Average time required to get to a road that's 6 meters or more wide
- Percentage of areas within a community that have poor access
from a road that's 4 meters or more wide

* Explanation and map on p. 16

¥ T

4 D
<Building collapse risk in light of emergency <Fire risk in light of emergency response
response difficulty> difficulty>
- Risk associated with evacuation as well as rescue and - Risk associated with firefighting, relief and rescue
relief operations involving a collapsed building operations during a fire
* Explanation on p. 17 * Explanation on p. 17
*Map on p. 18 *Map on p. 18
. _ J _
4 N

<Combined risk in light of emergency response
difficulty>
- Community's overall risk of building collapse and fire considering
difficulty of emergency response
* Explanation on p. 19
*Map on p. 21
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How Will Earthquake Risk Assessment Be Used for Tokyo’s Community Development?
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The Tokyo Metropolitan Government is pushing ahead with measures to build a disaster-resilient city in order to protect the
lives and assets of its residents from earthquake damage. The publication of community earthquake risk assessments is one
facet of such efforts. The earthquake risk assessment is also used in selecting areas to implement various projects such as the
“Project to Promote Creation of a Disaster-Resilient City,” road development projects to create firebreak belts, and projects to
redevelop districts with close-set wooden houses by promoting measures such as the fire-resistance of buildings.

B Q. =m0 e SHIMESOTIH?

How Does This Differ from the Tokyo Metropolitan Government
“Earthquake Damage Estimates”?

A FR24FABICAR L [EBETHRECLDEROBREAT] . BEOURERELTVBT LD
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The damage estimates announced by the Tokyo Metropolitan Government in April 2012, are based on specific types of earth-
quakes. Because of this, the areas affected and the degree to which they are affected will be limited; for instance, less shaking
would occur in areas located at a distance from the epicenter of the earthquake. A major difference between the 2012 damage
estimate and this earthquake risk assessment is that this assessment attempts to compare the earthquake risks of communi-
ties within Tokyo by measuring risk when the same level of shaking occurs in the ground directly under all the communities, as
opposed to a specific earthquake.
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Building Collapse from Earthquake Ground Shaking
—Building Collapse Risk—
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This is soft soil made up of sediments deposited in valleys carved into the
tableland. As with alluvial lowlands, shaking from earthquakes tends to be
amplified in this area. There is thus a relatively high probability for this area to
suffer damage.
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The ground is chiefly alluvial soil deposited more recently. This is soft soil mainly
made up of sediments below sea level, which tends to amplify ground shaking
from earthquakes. There is thus a relatively high probability for this area to suffer
damages. Liquefaction is also more likely to occur here.

Building collapse risk is a measure of the danger of build-
ings collapsing or tilting due to shaking from an earthquake.
This risk is measured according to the type of buildings in
the community and ground soil classification.

Ground Characteristics

The ground in Tokyo is categorized as mountains and hills,
tableland of the Yamanote uptown area, alluvial lowland of the
Shitamachi downtown area, and valley lowlands made up of
valleys carved into the tableland. Alluvial lowlands and valley
lowlands are areas that have a relatively high probability of
damage occurring because the soil tends to amplify shakings
from earthquakes.
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(Relation between Building/Ground Properties and Building Collapse Risk)

Low
.E&f% Buildings
HREL DL -
- Number Few
- RIS
- Structure High earthquake =~
resistance
EEF #FLn l
- Age New
.imﬂ% Ground
- 1EIEER ENOEIE/I
- Amplification Small amplification
of shaking
-RIR{E OJEIE(E
- Liquefaction Low risk —-

| mymERREDRESE
DRECEICESTUIEEYEICHBR S B EOEY N
BENDENEGEHRITEHhEDCEICKJATELTWVETD,
BEYHENDES . R - REAEXREDEE
DHEWEDREBFTE/REZD EC, BT PEY
BRI EICERELE U,
Tl JHBEEKHTOHEBOFIR L FEMTOKRE
BIEROFELZERLUE U,

BIRE Risk High

- %Y
High

i AR

» Low earthquake
resistance

oo B W
Old

ENOIBIEXR
» Large amplification

of shaking

- THEEE
High risk

Building Properties

The numbers of buildings are tallied by type of structure
(wooden or reinforced concrete, etc.), age, number of stories,
and other categories.
The older and less quake-resistant the building is, the higher
the risk of its collapse.

How Building Collapse Risk Is Assessed

Building collapse risk is derived by multiplying the number of
buildings tallied by category with the building collapse rate
according to ground soil classification.

The building collapse rate was established for each type of
building and ground situation based on past studies of
damage from earthquakes such as the Great Hanshin-Awaji
Earthquake.

Liquefaction in alluvial lowlands and impact on large built-up
areas on hillsides have also been taken into account.
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Results of Building Collapse Risk Assessment

High risk communities are located in areas categorized as allu-
vial lowlands or valley lowlands, and are found along the “Shi-
tamachi” (downtown) area of Tokyo along the Arakawa and
Sumidagawa rivers where there is a concentration of old
wooden or light-gauge steel frame buildings.

Specifically, high risks exist for the area from southern Adachi
Ward to Arakawa Ward, eastern Taito Ward, western Katsushika
Ward, Sumida Ward, northern Koto Ward and northwestern
Edogawa Ward.

On the other hand, the Tama area has a lower risk than the ward
area. (see p. 9)

Aiming for a Disaster-resilient City

In communities with a high building collapse risk, fears over
the collapse of old buildings make it necessary to promote the
reconstruction of old buildings while upgrading roads and
parks. It would also be important to make seismic assess-
ments of buildings and take measures to retrofit them if neces-
sary.

B Q. ey Mt Tl DI BT h ?

Why is there a high risk of building collapse in the Shitamachi area?
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A large portion of the Shitamachi area (Taito, Sumida, Koto, Arakawa wards, etc.) is ground with soft
soil (alluvial lowland), which amplifies the shaking from earthquakes, and in addition to this, because of
the early start of urbanization in this area, many old wooden houses exist there.

Many communities in this area are thus at high risk of building collapse.

B Q. zymiEsrEs SEHES. ER0OF5ERICHESTOETH?

Has Tokyo become safer from the aspect of building collapse risk?

A TREOBVENNOBREI DL F5IKDMRARTECKD BYARBREG FA>TLET .

Building collapse risk has declined due to progress made in community design and the rebuilding of

structures for higher seismic resistance.
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Fire Outbreak and Spread Triggered by Earthquake Ground Shaking - Fire Risk -
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When an earthquake occurs, there is the risk of wide-area
damage from the spread of fires breaking out from the shak-
ing. The assessed degree of such risk is called “fire risk.”
Assessment of fire risk was based on fire outbreak risk and
fire spread risk.

Fire Outbreak Risk

The distribution of households and business establishments
classified by building purpose, as well as their utilization of
open-flame appliances, was grasped, and along with this the
rate of outbreak of fire by source (e.g. open-flame appliances,
electrical appliances, chemical agents) was calculated. Fire
outbreak risk was assessed by multiplying the two.

Fire Spread Risk

The risk of fire spreading was assessed from building structure,
space between buildings, and other factors.

Communities with few wide roads and parks and a high
concentration of close-set wooden buildings are at high risk.
The risk becomes even higher when neighboring communities
have the same features.

Fire risk was assessed using the following survey results
(data) by the Tokyo Fire Department.

See the following to learn more about the survey results.
“8th Tokyo Metropolitan Government Assessment of Fire
Outbreak Risk by Area in the Event of an Earthquake”
(March 2011)

“8th Tokyo Metropolitan Government Assessment of Fire
Spread Risk by Area in the Event of an Earthquake” (March
2012)
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(Relation between Fire Risk and the Risks of Fire Outbreak/Spread)

Low
..':HW Outbreak of Fire
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- Open-flame appliances,
electric heating appliances 2)Y 54 A el
(EBRT KEERSED Fow
(Apartments, stores
using open flames, etc.)
@ 7L)5E Spread of Fire
U fEL —
- Building concentration Low
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- Building structure High fire resistance
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- Wide roads, parks Many
@it Ground
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- Amplification Small amplification
of shaking
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How Fire Risk Is Assessed

Fire risk is assessed by multiplying the risk of fire outbreak with
the risk of fire spread.

The risk of fire spreading from neighboring communities is also
added in the assessment.

Results of Fire Risk Assessment

Many communities at high risk exist in areas where there is a
high concentration of close-set wooden houses. These are
distributed around Ring Road No. 7 in the ward area, and along
the JR Chuo line (ward area); specifically, the area from north-
ern Koto Ward to northern Sumida Ward, western Katsushika
Ward, southern Adachi Ward, Arakawa Ward, Kita Ward and
eastern Taito Ward. The area from southwestern Shinagawa
Ward to Ota Ward is also at high risk. (see p.13)
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WKEBREDOE WL Cld. RSy =Eikgr 1> 70 Communities with a high fire risk must promote the fire-
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B Q. s MO T E

What are the features of communities with high fire risk?

A KKBREOSWVHEE, AZRIEH. THEENZVNEP. ENfEUEREEYDEEL
TWd L&, BEPREGFENMDEVCELEDRHNESNE T,

Communities with high fire risk have many stores, factories, and other establishments that use open flames, a
high concentration of close-set, old wooden buildings, and few roads and parks.

B Q wssmmEnsarEs. ER0E5ERLCEoTVETH?

Has Tokyo become safer from the aspect of fire risk?

A LEEEEPRAERFEDREMBMEANTECEICKD, EEOBREFTHADEI LD, —HTH
BHOBBMICHWKRZRSIBANEZDBEBIICHD . HANDERME EA D TVNET,

Progress made in the development of wide roads and parks has lowered fire spread risk, but fire outbreak risk
is increasing with the increase in households and consequently more places using open flames.
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Overall Community Earthquake Risk - Combined Risk -

BETADEBEOMEDEREZDMIPTRI f2H(C tEDENICKDEYEIROANKDERMEZ 1 DDIER

([CREDZDDNHRERBREITT,

FEDMBDENCIDBEL NKBEDOKEEZHDEVSIHERNS. BIKEH I DIEBIRERDEEDIC,
LENEFEIWZZEZBRIC. FBED SHBICHADBRITERATNS I EZRELTVET,

B ; .

e EREDAIESE

HOBRER BTECLC. BYARBRESN
SBREDIBA (1~5,133(0) DRFESEL. 20
HEICESEIRH FETV. FELE U

R uanrEOIERE

REeEREOSVMEE. #YRIEGRE. NG
RECBICEM>IE/II-BEIIIBVOWLNHh S T
i —F(CHTmLTVET . EFEWICIE. BILXFEER
oKX, BEXEI, SEXmEE. EHX. JTEREX
R CTRNXACERIC AN Bl ¢ e, RB)IIXE
FE O AKHXICED 2B CEEBEENG<E-T
WZET, (P1528)

To make it easier for residents to understand the level of risk
their community faces from an earthquake, building collapse
risk and fire risk from earthquake shaking have been com-
bined into one index called “combined risk.”

From the perspective of knowing the scale of possible
damage to the community from shaking and fires resulting
from earthquakes, “combined risk” serves as an indicator for
building a disaster-resilient city. It is also hoped that residents
will use this in considering community development and in
their preparations for an earthquake.

How Combined Risk Is Assessed

Combined risk ratings were determined by aggregating a
community’ s building collapse risk ranking and fire risk rank-
ing (rankings from 1 to 5,133) and then ranking this sum.

Results of Combined Risk Assessment

Communities with high combined risk are found in the Shitama-
chi area along the Arakawa and Sumidagawa rivers where there
was high risk for both building collapse and fire; specifically, the
areas from southern Adachi Ward to Arakawa Ward, eastern
Taito Ward, western Katsushika Ward, Sumida Ward, northern
Koto Ward, and northern Edogawa Ward. The area from south-
west Shinagawa Ward to Ota Ward is also at high risk. (see
p.15)
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Risk in Light of Emergency Response Difficulty Based on the Status of the Roadway Network

MRBICRIBRYHEIRUIC NS FEE UTe ) UTBS (T (&, BRI NS D N - HBNEB D L 9 & (RE
) D ZDRDBEDAES (CHELF T COLSWEHOLYT S (BHS) 7, i 0EEEORE S RSN
LWEBEBO%E SRREEBERDOREMERRNOFHRLICIEFEN KBS REE] T,

IERDEYEIRGIRE - KK BRE -HEGRREZ. FFCXEFEBRHEEZZRU CAEVET Z&lck) K
ERDOEHUP T S ZNMKRLIeEOBREZFHIL TWVE T,

= . . : .
KERNEBEHEDRIETE
BE6ML EDEEETHET ZDCHD BTN

BEEE BEAML EDBBENSBRICFI LR TE

BLBENE T BERICSH3HSERTEDER

IR IEHELSF U,

When buildings collapse or fires break out from an earthquake,
how easy (or difficult) it is to evacuate from the stricken areas
or to conduct firefighting and rescue activities will affect the
scale of further damages. “Emergency response difficulty” is
an index of the ease or difficulty of such operations based on
assessments of the existing road infrastructure including the
density of the road network and the number of wide roads.

By reassessing building collapse risk, fire risk, and combined
risk by newly considering the difficulty of emergency response,
community risk was assessed by taking into account the ease
or difficulty of response in the event of a disaster.

. == N + R
KEREENHEDRERR
KEFGHRHEE . EENRMEGE L TEEHE,
TEL ERXPTHAHXERE. PREILIBREDH
DB CTIELZO2TVE T, (TREER)

How Emergency Response Difficulty Is Assessed

The index for emergency response difficulty was based on a
figure derived by multiplying the average time it takes to reach
a road that is at least 6 meters wide by the percentage of the
community’ s area that is unable to easily reach a road at least
4 meters wide.

Results of Emergency Response Difficulty Assessment

There was an overall tendency for the Tama area to have high
emergency response difficulty and for Taito Ward, eastern
Chiyoda Ward, northern Chuo Ward and other parts of central
Tokyo to have low emergency response difficulty.

. he - _~ 1
%%H%}EE}J %ﬁrgj J 7 Map of Emergency Response Difficulty Ratings
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- Building Collapse Risk and Fire Risk in Light of Emergency Response Difficulty -
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“Building collapse risk in light of emergency response
difficulty” is risk associated with evacuation and rescue
operations from collapsed buildings.

“Fire risk in light of emergency response difficulty” is risk
associated with extinguishing fires and conducting rescue
operations from buildings that have caught fire.

Assessment Method

The number of buildings that will collapse or be totally
destroyed by fire in a community was divided by the
community’ s area, and the resulting quotient was multiplied by
the index of emergency response difficulty.

KERTERHEEZZBUICEYRIZRERE - K
BREF NSEYNEEL. M DEREBE/HEA
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(18—,

Assessment Results

Building collapse risk and fire risk in light of emergency
response difficulty were high in areas with a high concentration
of close-set wooden houses and underdeveloped road
infrastructure. These areas were distributed around Ring Road
No. 7 from the Shitamachi to Yamanote areas. (see p.18)

B Q. s=mEamRnEsERET L. BREZEDESICEDDETH?

How does risk change when difficulty of emergency response is factored in?

A BUAREREPANKERECEIBRES VI/HSHF OB BV TS, ERERDIEATVENE
BlCEF. XERITEFHULHEL (KXERTHREELKREN) L. BRESVIDNELEDET,
BEHEHICEF. SHX, AHFXEIEEONKBRE T,

Risk will increase for even those areas that do not rank that high in building collapse or fire risk if the road infrastructure is under-
developed, as this will make emergency response difficult (high emergency response difficulty).
A concrete example is the increase in fire risk around Suginami and Nakano wards.
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Map of Structural Collapse Risk Ratings in Light of Emergency Response Difficulty
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Map of Fire Risk Ratings in Light of Emergency Response Difficulty

D mmn Municipal boundary
I EITE®R community boundary

TR

B 5(1-844i)

I 4(85-3681i1)
[1] 3(369-11814i)
[ 2(1182-28154%)

| 1(2816-513341)




7 SERERENEEERLE S ORaNRIRE

Combined Risk in Light of Emergency Response Difficulty
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To make it easier for residents to understand the level of risk their
community faces from an earthquake, building collapse risk and
fire risk from earthquake shaking have taken into account the
difficulty of emergency response such as evacuation and
firefighting/rescue activities, and these have been combined into
one indicator called “combined risk in light of emergency
response difficulty.”

From the perspective that roads serve an essential role as space
to support evacuation and firefighting/rescue in a disaster, “com-
bined risk in light of emergency response difficulty” will serve as
an indicator for building a disaster-resilient city and road develop-
ment, and it is also hoped that residents will use this to consider
the ease or difficulty of response to earthquake disasters in their
community and make preparations accordingly.

How Combined Risk in Light of Emergency Response
Difficulty Is Assessed

Combined risk in light of emergency response difficulty was
assessed by aggregating the degree of building collapse or
fire risk due to earthquake shaking and the ranking of “building
collapse risk in light of emergency response difficulty” and
ranking of “fire risk in light of emergency response difficulty.”
The community was then ranked and rated according to this
figure.

Results of Combined Risk in Light of Emergency Response
Difficulty Assessment

Communities with high combined risk are found in the Shitamachi
area along the Arakawa and Sumidagawa rivers where there was
high risk for both building collapse and fire; specifically, the areas
from Adachi Ward to Arakawa Ward, western Katsushika Ward,
Sumida Ward, and northern Koto Ward. The southwest portion of
Shinagawa Ward and the area from northern Kita Ward to northern
Toshima Ward are also at high risk.

In addition, when the road situation was taken into consideration,
communities at high risk were also found in the area from Nakano
Ward to Suginami Ward along Ring Road No. 7, which has a high
concentration of close-set wooden houses. (see p.21)

Aiming for a Disaster-resilient City

Along with promoting the reconstruction of buildings for improved
earthquake resistance and fire-resistance, various multilayered
and comprehensive measures, including the development of
roads and parks, must be promoted within areas at high risk and
their neighboring communities. The development of roads that
support evacuation and firefighting/rescue activities in the event
of a disaster is particularly important.

As an earthquake can strike at any time, it is also essential to
always be prepared for one by promoting community develop-

ment and relevant countermeasures. 19
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Why did the risk ranking of some communities improve substantially from the
previous study of five years ago?
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Although the reasons vary from community to community, this study revealed that improvement of urban zones through devel-
opment of disaster-resilient zones based on urban redevelopment projects; construction of firebreak belts through road devel-
opment projects; and promotion of fire-resistance through building reconstruction contributed largely to improving disaster
resistance.

For instance, in the following 4- and 5-chome districts of Higashi-lkebukuro, Toshima Ward, the percentage of wooden houses
was reduced through a roadside community development project implemented together with road development. Compared to
the previous study, the fire risk rating of Higashi-lkebukuro 4-chome was improved from 3 to 2, and from 5 to 4 for Higashi-
Ikebukuro 5-chome.

} Q. BN CORBEDS@E LItV EBNETH, TEETH ?

Is it possible to assess the risk of a municipality?

A HEEREFHSHEBBON—LX—ITRRLTVET. KTEROETEDIEMICKD. FfiT5
CEIFARETCT, KM CEDRMZER LT, HERKREDAERRZEMITERLTIEEL,

Community risk figures are provided on the website of the Bureau of Urban Development, Tokyo Metropolitan Government. The
municipality’ s risk can be assessed through the ratings of its communities. We hope residents will take into account the char-
acteristics of their municipality and make good use of the community risk assessment results.
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