T R g AR g e g

4 80% 2013 F 3 H

T FEIC BT BV PR O] > 574

SR AR N I TN L

R

Study on the Factors Contributing to Inland Floods in Tokyo

Kurumi MATSUSHITA, Ryohei MISUMI, Takeshi MAESAKA, and Koyuru IWANAMI

*Storm, Flood and Landslide Research Unit,

National Research Institute for Earth Science and Disaster Prevention, Japan

misumi@bosai.go.jp, maesaka@bosai.go.jp, iwanami@bosai.go.jp

Abstract

In Tokyo, inland floods occupy about 80 percent of the economic damages caused by floods. Thus, a
countermeasure to inland floods is an important issue. In this study, the factors contributing to inland floods in
Tokyo are analyzed with the discrimination analysis using the rainfall data derived from X-band multi-parameter
radar and the grid data of national land information. The results showed that the most important factor contributing

to the occurrence of inland floods in Tokyo is the maximum hourly rainfall. When hourly rainfall exceeds 50 mm,

inland floods tend to occur. The area ratio of depressed ground and buildings also contribute to the occurrence of

inland floods. On the other hand, gradient of the topography has negative contribution.

Key words: Urban flood, Multi-parameter radar, Qualification Theory Class 2, Local heavy rainfall

1. 3UBIZ

W, BT DA AT D T DR
DR (7HNE A, FHETD S 2FA KPP IO 2
B REN L (7T BHIET, 2 ANDORNDEE -
B MIET LTV, 2070, ffif7a%wh
IZRDBHIOEFNE INLH T HHED pEHIN
TW%. ZOXIBEHITH 2 327 e DO
EDELT, r}*mﬁkﬁfa’éofehé. WWU?%&L;*,
P E S TETHENTNDZT 2B NT, %50
HERNLICELOTE LBHEATHD. :@r}ﬂ'?ﬁ’i%
EHAGHE (BT ORI RT) E D HEDOT G &5 %
EAABTIRTHE, % TP ALK D4
SHEMNA6% THDHDITHF L, AHZTIE80 % %
0O THBO, ZIRE O N EREE A TN DT
2T, %*iﬂ%ﬁﬁﬁf:f;?&%f%éZ&L:ﬁ'}ﬂ%ﬁ\
Tha (57 2@¥, 2004). Lipl, AL

NEEHMM- TONTEEADE, ARETH T O
EKMNEEFNT B0, NS A S 27 TR AT
By HTENATHIENEL LS, KF BHZ DD
DHENFe 2 IZIFH EINTVRNENDZLEAND
2.

- 5T, R R Y SR AGEEICH S L
Th0, Zhb:otér}rk?%’:@ﬁﬁjﬁiﬁiéh'ms
5. 1% %5 100 mm 2@ A 5% OF 2 B i, 1976
~ 1985 F TIFFIT 22 THoZDIIFL,
1986 ~ 1995 § Tl ¥ 23 23", 1996 ~ 2003 f T
G480 EH T AHMEE EALTND (B %R
AE, 2004). LEAT, 2005 F 9 R 47 ITHE L
FE2 BT, XY HH OFRFTIZBNT IS
FZ 12 mm Q%S PETIN, AR B
FTOET2S12MOP AT N B 725 SN
ZOXS I frevis g o i, A CrEWLEL00

9 £ T

SR TR A S BRI b



T R g AR g e g

WHRRE RN TR, RSWREE EF=nica
WEHEZT =)V THE TH5ENIEEND S, 2008
FOPSTICE & Y¥HI NFETHE LT %%
T3, %@:%ﬁ_@“%ﬁﬁ\ S5H9 20 7 EHICIEE R 80
mmh Z2E 25K D% w R0, P AE Tt TiEX
RO TWEIESE 5 N )PERGRE A ThI NPT
FHREENHE Lz LA FI AR, 2008). 20
KOIRBIMND, F})WU’&@%[? NN -2 ¥y
ST TWEZEEPFeNTHS. LinL, P90
i’%biﬁv&'@ﬁ?ﬁ?‘f\ﬂwziofé ChENDEND,
PAGLIEN S TR DT BRI D S o T
A ORFEITHILITERN, hAL
Bohca1d, - A PRI S 5 %
MIBS>THETHENDNTWS (& F -0 My
1989). ZD7/=®, F I HLavE & LTS 2
FagELlzfReKORBEEZHS I LITT L TH
HENZD.

PAGNHEE R S BN S DNTHD,
SO - 39 - (2003) 1&, B A FVErE SR E LT OHTN
EE RSN EFTORSICHLT, & ERES
R WTTFEZR W, FERE L TIEEE DN
—R™* ) FREIZBNWT, S0 AERICKD
TAIERS X T WS SITHIEL THE N s N S
CaZ&ERkEEALE. UL, " EDTF—5%
T ZBEY H I8 E, FREOELET 2V RS L
HME L, - BEENFELRT DL REEY
ERHE LI AL OF I DR K
o, PALEECH T OB ®RE O BAE Sy
KRDOESEETE NIFER LETED DRVWOMNILR
THD. ZTOUL7BD, & H- =185 DD
T RBANRIZDNT, I RRE FER KR
Rk, gk, Bl SERE, T NELRE DY %R
R WEkS (REFE BT ERER N &
fiof., ZOWETIHE, EORRKIZIBVWTHI T
FeE TR ANEAL S - I S WWIRIRETH D, hoN
LA 2 ICHE<AT LTS L NI EDRKICS
NWTHHhE EFTERTHIN, TOMDLKRDE S
BFIIRAICE > TS ERARTNS. LML, &
Hiye i (1987) OF - TIE, WhiE Kz~ A F DR
HELTHD, A '}ﬂif’i{%ﬁf%q%’%%ém’cméi
A8EEELSTNDHDTIHARN.,

FE ITDONTIE, %*i'?’i%b:%é%%—?@“é%?\
THAHZHHDOHT, R OPETE Won/whd

4 80% 2013 F 3 H

F=HFE, ORI FOEEI DL I NSRS
N —4%%R Wb ON M Tholz, §%&H D
AT A®E FFy BT —=21EN 23 17 km D HG
T, HEWEI05ORE FAFE INLHOTH
5. Flz, MRJEBIUALFICLDEE N T
WEHHE FH3EFE WRSkm ET A A% E LD
BHTHDM, GEWGI0 7 ETRETH 2.
SREEERREFA Y 2 WA ] km &%
EFBLFNWED, B O NNWEE T mERE S
NBHM, HEEGIT0 5 E2->TWD, FUTHEN
TZ&k DI, %7*’?55’35@1% HEINDBEWTH S T2
FZRICKODBEEINED, K0FENE <, &
LEOHE GHOIRY XN TND.

AFETE, AGFUTBW TR 2 b
5FTLRICONTHPILILEINEL, i
Rt e~ B A ) B Rl il S s LTl S B
Bd (vEART PEOYWH I > T 5. £z,
S AEEQLRDIODMKEEIFTEEEL, § X
DHETRHSENE B RDEEHDOTNTO*
HIZZAT DL ROEEIIOWTHEHP TS, 51T,
INoOEEZE AL ml, BE e g
EHROENZTS. @ TH5%HE F—FF, Avia
WY 500 m, BIFHGS S EEAO®T F—y kD
WTHBEOXNY RINFNTA=F L —F—
CIY, MP L—=5) DEIF—5 %[ \WaH. MP L—
FiIZXDEoNwEd Gied B §52&7T, &
KOBEF OF WhE Fix%E ALY 2 s &
BHIENPFREINDG. £z, AABOF HOA
BEICKT T2 -TH, BEDOH VKIE Fi%ed A
FERALEEDY RITHT B 5 [ 25T Eldh AP
ThHhHENAD.

N
o e

3L

2. F—4
21 XNYRRIWVFNT A= L —FIZK B0 Hi
B KR 2P A 4Fr T, 2000 F KD 3 emik K (X
INR) DAY - B O2RFFEED WEILFING
A—=FL—% (), EBN L —%) @5 IR D i A
(Iwanami et al., 2001), & /5 O® “9% 3§ § %0
SEIRET DI LMV REE 572 EBN L — 413,
A S JIE 3 24 T A S (359 24'N, 139° 23'E) 123 %
INTHBOD (Y1), 500m X v, %Zi”ﬂaqﬁs I
T {2 80km OFEF O%d FIHRERF L TS,
EBN L =5 ERNSR 501 5% 3 iU, MP



SA BB B APRT DL X S -

139° 140°

36°

'

Y1 EBNL—5OF & BILUENER
Fig. 1 Location (star) and observation area
(circle) of EBN radar.

L —% %3 )%, Park er al (2005) TAINZ U D
A&df §22LTHIIENS.

R_{¢07xuﬂzgﬂwx5psosorZH535m%9 0

19.6K}5 (K, >0.3)

Z 2T, RIZ¥ %% E [mm/h], Z, [mmémm] %
T RE DR B R, Kpp [Pkm ™ 1351 R WA (R
?E W g [ OB THEEEY 2D DA~ ) T

(D) X0, PR A AY0.3° km ! DT
@&%(%mqwéédm RBRSTZ, NS R
B RE®RETT D RZIEGER W, iR e N
03°km™ " D& X (RNKDEX) I, RE W
FUE Kpp 2B W2 R-Kpp HERC K DB R RF OHET
D, PBNROZTICRZHFTZEZR WHREY (T,
VR ESERHEOCLENNEIL, Kyp MFE
<D ENBNWEDTHS. - BT, BNKhDFH

L, RKpp HRER WHIETL—FRFRITZ,
DEIITRNERICKDFR O O e 1T
T, KO- HR KRR EHETTES.

XM HEFHESNDE KRR, T,
L= N6 DHEBETHF DI NREEADKRE TH
%7z, Cressman 't 3 ZH \WT, ffE 0.0045°, &5
0.0055° O£ % () S00m A 2 1) DI % fisk
FIZL MY %, Cressman 't 2D WWTIE, 22 7T
FLLIARS, PHFIZXDS500m Ay 2 TR
Nizhd F—4%¥%MPL—4%%3d ELTHPA TS,

22 XNYEMPL—FLA5T L—FD S §

XNRMP L — D% 3 LS 4N HNEH T
HL—50O%3 FECIT, IMAL—F%hi)zd
RL7=%d 5—% (O, MP-IMA 4 %3 ) Dikpk
1D, BRI, R 14(2009) D7 TN o 7.
MP L —4% 3 1%, 2.1 fTHROSNEBERRE 2 0
5. IMAL—4%81%, §%p D 255k —4
Ia—%F GPVIIZLXDREH6NS%T G3%EH W5,
ZO%hE GIRERDBIHOOEEH DL =1L, KE
5ecm(C/)NR) Tlkm Aw o, L“" BN 10 &
(2009 §# 7 FIUKIE S 2) TH .

MP-IMA % k&% 3 DB X9, MP L —4 % 3
TERTESRLEHZ IMA L — F/hd ITL DN,
KOTHR®KE T mERDLHIETHD. §4%&P L —
FMMRZHFRIZED®K I ETEZH > TVWHDIZH
L, MP L —%1%, RK,, HiRbELEETENR D
ZET,HBEDODIWETEZ > TNWD. £/, MP L —
FIXNRTHHD, IMAL—FDC/)N>R
KOBHRRMNEL, FNERITW L THORE N <,
TR RETICHFTH DL ENIHAND D, L
ML~ 5T, FEHICHVNEREKOEETIE, B R
FFToEE CIY, FRHEFEK) NE LHen
D WEMNDS.

TR THERIL, LD r ETOR EREATR
#3 &% PIA(r) [dB], § L > r COE"NYERE %
dBZ, (r) [dBZ], % %" R ICVWRT DR B %
dBZ,[dBZ] £ ¢ % &, K=ATHhAOEND KK - =
2007).

2x PIA(r)=dBZ, —dBZ,(r) )

ZZT, PAM EAYRKITHBT DRI 4y
[dBkm'] % % (0, r) DR THO, KT
505, BB, o, pOEF, KEFFIONED
THTHD.

PIA(r)= J‘O A, dr= J:) OclKg‘Pdr (3)

Q) DEEFEFETHRE DL > V% %5 TL
DIFZTET, WoEART RN GERERITET S
L, TOBHRTNTTHRTKEK L2 D G-,
2007).

SR U R W EGE R O W N TS 201
MP L —4%3 L IMA L —4%3 OFpk%id THD
MP-IMA & k%3 OiEgkZEf 5. MP L —¥ %3 %



K SR b 7 i

Ryp, IMA L —%%4 %R,,,, MP-IMA & k% d %
Reowp &L, MP-IMA & k3 22 O THAD 5.

comp _{ RMP, (RMP g O) (4)

- aR,., (RMP = O)

ZT, a3 Rk Ths.

J“ , MP-IMA & k%3 OERFT 8257, £
T, Ryp & Ry DR T GH W 57280, Ryp &
IMA L — #5712k #9%. '+ %9703, Cressman
374 R W/, Cressman ' )7 L3, SEETE A
DFTHIETHHEZRSHETH L. IMAKETIZ
PEINER,DEEGETDHE, ik
HWHND.

N

> DW,
G = (5)
W,

M=

=1
ZZT, DIIMP L —Fn5f[ 5= i iI2B1T
%D Ryp DETHSH. £/z, W;id Cressman 2D F A

£
R —d’
max 1 d R
W= R;x+¢“(’< ) (6)
0 ’(di ZRmax)

TROEND. d 326 i D IMA KT DR 4]
ETOEEE, R NI T DY ETHD. - BT,
R VI FET DR W E L TN D (& G,
1986). =Dz, 2HETIZIMA L —4 D=4
Wlkm 220 O B ELTH W,

KA, IMAFRET D Ryp & Ry 2 B WWT, 4817
a0 126 5. AR ald, IMAFSST DR,
ERyy PHEMSE SN IERKDETH 5.
ZIT, BLERHIIBIHECMEREAY I 2D
IMARET D Ryp & Ry 105, DI @UZ&LD 10 57
TGO IR ET T .

O-M
a=rx——-—
o, (7
ZZT, oy o d Ry &Ry @t@;:i';f =, ridRyp
E Ry, MOREBRETH D, =R 13k

XOREB5NS.

4 80% 2013 F 3 H
;= cov (8)
Ou0,

ZZT, coViZRyp E Ry D3 2 ZF L TN D,
?Q (M), N@) ITKDWEZAE D 10 = HGOD K

FEZFEIL, § 4 ORWEITBT M - fRik o &
LTH WS, 2L T, 2L @) IZfEWIMA K7D Ryp
E Rpyy 28 R LU MP-IMA & k% 8 R, 25 F]
T 5.

_T@J%T@HéthRMAA& % 2D
T A A" E L DB R %i?@,ﬁﬂ
fior. EKH% IBFAHPAEOFERE NS
T ®RE 2R W TWaR s, THRWHEITHA N
HZHAFIHHETHREI THD. 20D, 750
BRI, 1 RERT RS oE 2R W RE
IZi3E 5 15%«: DY AT ZA®hEFzERP L(Y2).

139" 140°
36" 5 ——1] 36"
.Y )
A
a-.__a._ e '.‘.,‘:.
F-Y '.\
A oy
5 e O AL %
I‘:,{.u
b |
N & -~
=
Ly A
a § oo
e
e ¢ 2y
| . T A
| B (
i l“’ ’ L:
g’ km D
& |
357 4 0 10 20" Al 35
139° 140°

Y2 @R LETYAY AR FOHF
Fig. 2 Location of AMeDAS raingauges.
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area” (red) and “rural area” (green).
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(Japan Meteorological Agency).
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Fig. 9 (a) Elevation, (b) gradient of topography, (c) area ratio of depressed ground and (d) maximum
hourly rainfall in the “intermediate area”.
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Fig. 10 Category weights of the inland flood in the
“intermediate area”.
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Fig. 11 The weather chart at 9 JST on 5 August 2008
(Japan Meteorological Agency).
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Fig. 12 Area ratio of the land use in the “urban area”.
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Fig. 13 Area ratio of the buildings in the “urban area”.
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Fig. 14 (a) Elevation, (b) gradient of topography, (c) area ratio of depressed ground and (d) maximum

hourly rainfall in the “urban area”.
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Fig. 15 Category weights in the “urban area”.
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Fig. 16 Weather charts at 9 JST on 28 and 29 August 2008
(Japan Meteorological Agency).
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Fig. 20 Category weights for the “suburban area”.
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