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Change of Flood Runoff by Urbanization in
the Shakujii River Basin (1)

By
Tokuo Kishii

National Research Center for Disaster Prevention, Japan

Abstract

In this study, the change of flood runoff characteristics is investigated, on the
Shakujii River which flows from west to east on Musashino Terrace in the northern
part of Tokvo Metropolis. The hasin of the river 1s 48 km® in area with a total
channel length of 19km. The surface geology of the area is the voleanic ash of high
permeability, called Kanto Loam. After 1950's, this basin has been urbanized rapidly
and in 1975 it had over 50% of impermeable area and a population of 590 thousands.
On this river there are available data of rainfall and discharge of floods which occurred
between 1958 and 1977 and the data have made it possible to investigate the change
in (ood runoff characteristics in these 20 years.

As a result, no considerable difference in runoll ratio was found between each vear.
From this it is considered that the surface geology of high permeability influences
much more than the urbanization does. The time of concentration was reduced remarkably
to about a half after urbanization. This is supposed to have been caused by the decrease
of roughness in th basin and the channel. Concerning runoff coefficient of Rational
Formuld, no conspicuous difference is seen. Because the shortening on time of concen-
tration causes high rainfall intensity the time ol concentration and the increase of peak
discharge, consequently, the runoff coefficient is not so different year by wvear,

These results were derived only from data of the period from 1938 te 1977, in
which period only a few floods were recorded.  Further investigation of runoff ratio and

runoll coefficient with enough records of big floods in future is expected.
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OETE I EREO SO ATEESE AL, TOMEIC W CEKRIESE ORHED 4
(L& T 500, VWhdHEALCEE S BARKURALT 200, K% EoBBEICE K F
LR ECBOWCLEETH A,

UL, il TR A E OREZ LT 405, H5WIRHEEFRELS DV
Dkt e 7 AR - TOMGBERTEY, BED T — # TEIENCHIT 5 HEL 0k
V., ZOSKTREOME S HTELETHS. Tihbb, MKOMHLELHL T
fTwhE, ~RICEEAZEL, HE2vikkoREEZI 50T, #ibfbeibkERmEES
DEROCEREZH L CEETF L Sl S hhlE b3, Fi, HFE LW 5 EMN
MECE LA T L, 7o & R WAREMA ORI BB TR L LTH, LoD
Mo L & Jokin e & OBt S RET @i 2k b OO EAK O ER BB E L
Shh, Ein, FATLLAGT O B ARG C HAKRRO KRB T bh Tn s L L1 ERT
HY, TOTEP—EMHCIL L » THRARMNAE DL O ER T2 2 E2FiicL Ty
%.

IhLOMERBITELIEL LT, B 5o B AN & Adims A L, MiE
AT k kiR OB LA ST 5 2 L bbb (B - FA, 1979).

L2aL, AEESEoRIRECH L E MR, 1958 4£ (1450 33 4F) D%, slriiElss
RN THY, BPEAFCEVWTINERENMIZhR Y, FR—0iRTHKER?ME LT
VB AT S 7 <, EERWICHRTIE & Bk o2 b E OBREN S AL TELHE
nimRTh 5.

ARG, COMMTHELRCEBIERE D L, (FE 20 ERNCHhT S AR IO ES
L DIREE L B, BRIV A MEL Db O THS.

COFEE, EokinHE s X UEHR ORI RO A E S EE L LTV EEL,
—75, HUKERERATE, EE 2 g s h, TooEdEIRRIz sV TE, -2k

EIIEAOBEMICHS L VA5,

2. RBOBE

2.1 FEOFERT

B IR O & T Eg i B i e DA, T TR o BiR
(i) Nz RINORNBRIGC A S ERINTH S, TOMEmAEE 60 km?, &
JWAEE: 30km €D, FEEARLE 1/400~1/500 TH 5.

TR E LY, To-—-TTH 0, BREIIEOFAR 6km LiktoOHHE X
D Fimod T 47.98km?, FIEE 19km i2Ed5 (M 1),

A fTE IR O —4h & L TELBIRE G, LSRN, AEHl, Bkl
FUREIF i, R4V, BERK B I OIRIBKO 50 - whieh
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Fig. 1 Location of Shakujii River Basin, raingage and gaging stations (Arabic
numerals and alphabets correspond to those in Table 2)

2.2 #ESLIUTEREBHE

AR AN AR L TRTL, mEOMAICHEAR 700m oy 2 BETF
B OGEER) 2L TS, ZOBRETY LS s oz L ke 3 7T~8m fBEEC
HY, BEFOESE, FRT 0m, LT 70m x5

EHiR S #EEEIEVHP 5 TR r—- Al CBT AR e — 4 - )il —aTHD
FORBIZIIYEY T~8m tic-»Thb, ﬁiﬂff}::ﬁsb\“CI-‘iitiféiﬁf'ﬁﬁé%"GDj:«'l%Eb“?‘Wéfﬁﬁi
HoTwad, TLTHEE e — 42 KIIKFEO—ETH ) CORR, AdRKTRELESH
<, TEL (R FA, 1978) S oR SR ESERIRICE L, Mok,
BHR ORI E DTN EHEES RS,

23 # W 1k

LT » TR AT 258 5 25T G0 KM ER OB 2 8T
(LOEEALEE S5, - 20FZ L E L TRBIMESKS L EWRETF- Tk 0, #ifk
E S ANTURT LHERI R OB EIZ 00 re Zek L iy (B FAR, 1979) w2
EAL S twah, i S 25 T e ST L 2K CRFICiRE L, Fhuntbdi 1Y
AL 2 5 AME (KT, 1867),
FEALESZREC S EE LT 0 LR ET IO LIRS &, Wi
ELTRRIBEOBA, REHEORD, BEAKMOBMAERS D, HETIE, RHAREOR
b ELHETH OBASORN T 2B 5, LRI FrsZ 787 A—- 21 kD X 5T

* RO THRE (B, 1966) sk s v
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T L EERTW5,

BRI ARRE N O K2 X - THNL, ¥ — 7 B RITHEOR D B X oSk o R
AT X S TR, BRI T EE L ORI L OWBENFT O £ » TNt 5. %
72, THGEOEXIFEORBIEINL L L2605,

Bl X5 Gk XAFEE2IERET 50 LIEMETH L2, BT, il B8 sR
T2 U URRE (i) offfsic 20T, £2nio g o BT L L TmbiEdkds, Tk
SO M OHERS I DT S

2.3.1 EHEROHSL

CHIFE DRI KL T-C 0 5 L REEM OIS L, dokific s gird=
BELRRFTHL, KRz BL, COEWBEFEDRTEALET~7.

ARABITHNRD & = 5117 + 2 KO BRI D 8k F3LF0 8 2, 1955 45 (1457 30 4F)
Lhtg, SHCHR{E2NE L, BN AL O 10 £ L oHifsi,
<1955 £ (AHFA 30 42) 20.8 A (AREE 4.3 T Afkm?)

- 1965 45 (WFN 40 4E) 46.0 AN (AEEE 9.6 FA/km?)
<1975 4 (W{Fn 50 4£) 58.8 JTA (ANEE 12 F Afkm?)

20 AEMNT 3 ERREE IS BAUL, KD 1955 b o 10 RO MUASEE L

—7, EHMEORAEZE TR LS Ths, THImHEE, ANEFRL &N - KOst
B2 4 & i&W  KARREIZ S0 ETHAMRS L CTROELDTHL. Z 2T 5 ['E
i) &%, K OBEZEEERAIRCAEIN TV SRE R & IR S 02K - K
eI OBIL L o SFHEZR TERGR] L&l 7-doTho, 1955 4 (Ff0 30
i) DAk 1975 &£ (HF1504F) ¥ TS L OCHTHOHRAZH 212 @ I THEL .

Z DA, 1995 & (HF0 30 45) 200 20 BN fE 1L 11.66 km? 7515 26.42 km?
LO1279% ML, IR 4.29% BEOSETENL 720 L b s, B R TR
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Fig. 2 Change of residential area rate of Shakujii River Basin
of every five year,
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L 0.243 725 0.551 LEEANL I D 66% MBS hi- o itk s.

ELICCCTERLAZENER LA CEFTHOFREBROTRE L Ol 2+ 5220, k
HH Okl - BH, 1967) OTERIZMV, %2 - @EDOBELCVWLIRBI LT, &
B E L TR » TR O BRO MR 2 k7o (B, 1969) %X 2 d oI 534
ZOfEIE, 1955 4 (HFN 30 4E) B LN 1966 EOEMTHE TRk i 0Tk s,

ZOFEF, 1955 FiT W TREBRER AR>Sk O EHIHFAEEL 0.24 TH 0, dF
HaSoRO R B OEHEED 0.21 LRBETHS. X510 1966 i\ Tl
Hol (1965 4 - 1970 SEDNE S ) 1k 0.42 CAREBIHSE & —#T %,

2.3.2 FThkEOER

AU 35\ TAEIIZ T AR B AMER L 72012 1973 48 (W4FN1484F) DI TH Y
1976 4. (HAAU S1 48) BIET FARMBEK i BB IZK 7ric X - TR 2 A 20% 7 5
50% TZHEL 2z (R 1%). KifOSmBEICI L TIRFEIL < 129% 75 33% O Fkmpx
WAAERETHL. FRHOEREE 3 iTRiT.

AR TAGEERE 1976 £ 4 BBIE PO ME Sh T D, MR, S

& 1 AR A Y MRS (RS R, Hfr %)

Table 1 Change of sewer coverage rate in each sub-hasin ol the Shakujii River Basin

FEdEIX 4y 4F 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

3 2 3 4 4 6 6 7 13 28 3 46 50
4 0 0 0 0 0 0 1 6 24 32 42 47
5 0 0 0 0 0 0 1 5 20 26 35 39
6 0 0 0 0 0 0 1 5 19 25 35 39
7 0 0 0 0 0 0 0 5 14 18 26 30
8 0 0 0 0 0 0 0 0 8 8§ 15 19
9 0 0 0 0 0 0 0 0 11 11 18 22
i 0 0 0 0 1 1 1 3 12 15 22 33

3 TPAGEY EOR O IR 5
Fig. 3 Sub basins corresponding to the sewer coverage rate table (Table 1)

* R AR IR SO E RN X 5,
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Fig. 4 Trunk sewer systems

W3 X OTTHH R AR 3 BB 5. £ O FKOH FAKILIIERIK 8 S X D LTk
TR - FRZK & SEMHNA~E L Tk H, R X D Tl TR s X CEGSRIERD
BRI HAGEMIIICA S, GRS CRIERRTE AR D 2 15 % T oMK
AL, FOFKEHMZSHE, BHIHITIEVWS (1 4),

2.3.3 ANk fEDES

AR oREU s 1958 4 (RN 33 48), 22 Sh (FEIRE) 22 icE L

4 pae
fu, 1979 48 (BN 54 4E) 2 HiEE L€ 30 mm/hr &} 0 AR L

IGNEOUEXHE L TH D, hiTiR#EREEEmRL R —5
Table 2 List of raingage and
ARSI T O L - T D AR AT, 1978) epling sdinne
TRFEEEHAAT i 2507 2 LERTT I, o BRI T
L1968 4 I 12.5 mx #E 3m WIHHK 37.5m®  des| MM AT 4 OSSR CR)
- 1975 4 g 17mx i3S 5m WiEfE 85 m? 1| #ir (ﬁlaﬁr) 1958
5 oy [ = 2| i Fiil 1958
LTI h, nHERTRIT, 13T 2.3 fRio AL 7 5| i s J558
4| B B 1958~ 1968
3. kS 5| AT AT | 1965~ 1968
6| B “ 1965~ 1968
Taw i 7| H it 1965~ 1970
B & R 8| & = 1966
9

AR T I D HLKE NS TR it A s | B M5 K8 BT | 1988 ~1970

: : _— P g 10 = L 1970~1977
FOGEREAABER, 1972 510 MR 1) | 1e69m0m0
ACHER (20> 2) GRMHIAWOE, 1979 7 12| K 36| 10m~em
fTFE) ] iTins. e S

RS R REIRT s X O B LT O i E L 2 Al H -H' hﬂ‘ 1958 ~1977

| e " -
, . PO k- g | 1968~1977
1T 20 THEY, TO-EHBRE2THD, TR ll l' fi # A ‘ B S




bz X s Uokpit OB Ib—fd

BT D NAR TR & L0 RFHBEEIFT CH b, KiiSME~0ME3FETic ks
RIS SER SRR L - Twhd,

*FELEROBMON 1958 4£ (K0 33 47) 0 1970 4£ (H3F0 46 48) %-T0U,
R, iR & IFTRAIOERCH D, 1971 4 (W46 48) DAL 1977 48 (N 52 4F)
ECH 10 FEEREOER TH A, Fo N 1959 E5a5 1964 £ 2 2B T
<, 1967 48, 1971 435 108 1972 £ 3SR RHE o @) s ic 3 0 i el &
TKRLREERD AT D, A ROFEHT G SR L 72,

3.2 dkrHE

HokimEAR (BUF, iNEET5) RO I HIT LTk,

T, T A- 2 VBRIV ANEEDY =1 F 2 RORETFLOBEE R (mm) 28
5, WoETHR e Qr (mm) i, 1 Fess7oih 103 ) B Tomi @ O
BPLOXH LY OMEGE, COBOTHERERR LR LEIZED, ~fFrs57
ECOMETHER A BEAMHEE Lz, &, ~Frs 7 70K EGLDO
MO TOREITIET 1.1Q: TH5. FORT, MHE friz,

fr='§:- (1)

E LTk,

COLTLT, 1958 450 1977 £ 5 TOF 79 HKORIEOREL L E R L 20
M5TH%,

CORE s & 1958 4Tds KTt 1966 FITifHES 0.5 DL EOFIHH L. ZhidrhEh
B 22 5 FEHIGE) 3XU08R 4 5L530Th%S, o 2 fEike Ll
0.5 DLEogikidin <, 31F 20 ERICh2: i HET eI B L Ty i,

202 REMRFDHIZ IR E FEDORMBORMRLHEEZFHTL X512, RS0k L

- Rr2100
o S0LR<I00
a Rr< 50
.
0.5~ L]
o
L2
= o
= o & o a
= & o
: * °
= ! » ‘a e * -
= i & a W - as, °
» o 4 A & PO &
'S - & i —
& il b, o
a 2 a &
\ %4
2.0 ) S s L L " L . L ) . ) L
1558 (\ 1965 1868 1967 1968 19653 1870 8N 1972 1973 1974 1975 1376 1877

B 5 i ROBELL (Rr i (mm))

Fig. 5 Secular change of runoff ratio (Rr: total rainfall (nm))

e



[E TR S R B b2 v 2 — TR ESS  H22% 1979410A

Table 3 Secular change of runoff ratio

—__ & | i ! | |
feitiE | 1958 | 1965 | 1968 | 1969 ‘ 1970 | 1073 | 1074 | 1975 \ 1976 | 1977
| —— i, I
4 F b5 0 286 0 290 0 176 0.136 ‘ 0. 200 0.198 I 0 151 | 0.140 | I 0.085 | 0.217
o = I |
00,,100£IL1039i§§ | 0.290 | — |0.143 | 0.203 | 0.339 ,0.147 0.178i 0.053 | 0.235

T 57080 E 50 mm 5 100 mm £ ToM & BUF OB FEs s EZ L 7.
IhbBEELEDH-ONEITHD

L2, GE 22 5, G4 SHoiilEeird & 1968 FLAR, MR OBEE LM
Ao Ea 0.2 BEDTFHEETT.

—7, THKEOERIZ X » THRBIMCFHRARBIN T T4 2 3 FA N5, R CiXam
HlERER (M 4) PRKZFEI~RT S, FORBIFEGEH FALRC LS & 1.45m's
LEh, CoREREHORHECHRET S L 0.1lmm/he BETHD, ~fFrss7o
HAEEZ 10hr 235 & CORMIZHIGT 5 FAEREF lmm BETHS. —flLLT
FaFH & 50 mm TF OWHEEEEIREG 10mm 33 L EEdimiEE 10—1=9mm * 7
DitHiEiE, 0.2 5 0.18 1 10% MEOEEL k. SHITAKEESWTIET
ACEDHEEI X D& 5.

BLEO X S0 R KE TSI WRE & L ORI O IR = — 2 2
KK O—F TN TED, k22 BICRESEL I LITED, REESBmEESY
MUThEnBEHRCEENEVEHESRD, E2E, 1975 £OFREHHE 0
%ﬁ%&Lrhéa,ﬁﬁu-A@tEmlnw:ogmmmmﬁg@ﬁmﬁﬁﬁ@a(ﬁ
A, 1971) LUHELAZ 22 TEFD 0.5 47shb 1m 2% 150mm BECHMEAK

EHTELT3F-Twad Z itk 5. W2 EETHILIC X » TREEHERS
0.5 -7, o 12 £RAT<THRMET, Bh 12 2H5TSTRRER
WOREECIE V. ERNIEHOE ) O ERAERTBIOEVIRETH D, BIR UK
M5 DORMRIITORMOEMETIREL, Z0X 5 it O DS i oMk T
T RIZ X » THERBIEIZEE L vt v x5,
3.3 HkBERER
ﬁ&$&ﬂt;5m1%8¢@a1%7@;?%90&*@&*%%&%@%& B

AT, (RAROB S X 0 #kFl 2% 01k, E— 7 HIORET — 2 BELNLTHDLRFD
MEOT =2 B3 ELNTWEWESSH 1L THSL.)
2T, PokFNERFRIZASERT L2 2 - 7 TR oBIEFRRREO b k- bt E v — 75
FCOENIRH f @ 2 (52 YoKELRENM &, bbb
h=21, (2)
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Fig. 6 Secular change of time of concentration (7:average rainfall intensity within
time of concentration (mm/hr))
EEALIZLOTH S, 7ok 2iE, 2,5 SFHI AR SR AT, HEY — 7 0L

TH &, EBREHIIE 250 0T, ZOEEDUGKRERERMIE S5 K & L7,
58 4EA05 1977 £ ORITHE S A HkELERRN IR L T v A |25 5.
HREF Uk S L& EOBMTISHTHML 00T 4 ThH D

F 4 HRIEFR ORI L

Table 4 Secular change of time of concentration

1 | 1958 | 1965 | 1968 ‘ 1969 ‘ 1970 1973 ] 1674 | 1975 | 1976 | 1977

BokslERER (br) | 4.0 | 5.0 | 2.5 ‘ 34 | 28 22 | 21| 20 | 29 | 19

ZO&»E, doksERIIZ 1958 £-5 1970 £ £ Tix 2.5 WRiA5 5.0 MR T
HY, ENLMHTIEE 2MEBRE L L T, EE 2 0EL TV 5,

PAboZ &, 2.8.1~2.3.8 Cili~~7- X 50, FRuslo#fm{bic X 2itsHliEom s
FONANER I X D GEMIE DR, FACGEDE KA S Al 0S5 X - Tk TR
BEHENL, ToSRMKELERMAERShI L5 LR TE L.

3.4 AEKXOKHERK

HEAOHHER OUF, WHAR ST 2) 11, Ao X S FaBedhn)lio e —»
it O HEE T A,

Qp:;fgfyr-A (3)

TRbENS, TIC, @ ¥— 2R (m's), for IR, 7: PEKSLERIPA Tk
MR (mm/hr), A: pEmdE (km?).

COCCIML & 7 B DU REGERF RN FISEERSEI () Tdh 4705, BUKEREREH & Ll
B 3.3 "Coked 72 B4R O TF-HH 2 v T HKTERF I PP M 2 515 L 72,

Wk ke FIZL T, DLEOX 2L TROGZMINMEROBGLEEE 7 v F LIz T

— 35 —
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Fig. 7 Secular change of runoff coefficient of Rational Formula (#: average rainfall (mm})
Thb.

CoOM»L, RHREROEEDEAEIIEIMERICH 5. DT, HER L [ARICSED
Bk Pl s X O BOKELER RN RS mIRAL (v) 25 10mm/hr 705 20 mm/hr £ TOMH
KDDL RE LS EEEHEY SR L20nES THD, ZoEMLHIERT
AT L S IERMIZ A B, LA RIE—ET, 4T 0.2 21, 7 28 10~20 mm/hr
EHFITLIEET 0.35 LD, HHREONIWEIRTR, —EEzTd.

£5 mREOREEL

Table 5 Secular change of runoff coefficient of Rational Formula

| 1958 | 1065 | 1968 | 1969 | 1970 ‘ 1973 | 1974 ‘ 1975 f 1976 | 1977
ML Biveed. B | e
& T # | 0.276| 0.383| 0.242] 0. 188 0.384 0.257 | 0.196 | 0.204] 0.122] 0.303
HEOREE R R _ ‘ _ —_ | — —
& 10~20 mm/hr | 0.350 | ‘ 0. 323‘ 0.153] 0.353 (.369

Loz &b, REDRIIEKORKED S ERR & THIEE OBAERIZEED B
BBV HREINC AT, FIERE ARSI E & DIk E T 5 LiET
BT LU

DX ST > THLGEESZE L L aVERE L TIRRO XS R EBEELBR
5.

AR BT X 0 —iRi ik o, ERERTS OB E 2 BT A, L, A
BV IAAED X 5\ HHENE S 4y, FHEOIRYI b1t d &, MGERTHIZARTIC I
L 2R e A0 ), REHTE OB AR & 75 - T R ORI IR 2 405 S
AL, — iR O AT & 0 KBRS 4y, Pk B P I RTSR R
() WEHEmL, ¥—2ikREBEnTsAmicfEHT 5. choolhmoE Iz L b, Mk
S, L LT, FRAREELEVW L AR 6R5,
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23V T 1968 e 1977 B ECOMIZIVT E— 7RI, HokBIE NN TSI
MEE (r) DMEINL 720 & RIEE T RINEIIC B 5 L R0 6N, 7ok 2iE, 1958 £04
22 ST ORRMIEIG SO\ THOK SRR FIITRIE () &okobh. TORE, k3
A AR L L, ¥ - 7 TR & MUUTHA T 4 B ISP MEN . 1.4 (mm/hr) &
b EBICPOKEIENA U2 (R 2R & LT, W PAURHIRIE R R D5 &,
38.1 (mm/hr) &75 0, POKFEIRRA 12 [TA0H S P05 2 i KR N TR s
20% BNL, FOREOL— 7 HEoiksibh, oY, Y- 2ikE s kB
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B (b oS 3 X OHL i A R AR 1 T HERS 2 B R il s % & U OB L
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ZOFER, POKBERRTZENNL & & IR T ML pCES B G, iliR
DWW, 1977 £ 5 TORBR R HE 7N W e éﬂul*’i%‘isﬁ?ft”ﬁﬁ’lﬁ s IEIERR
BBV, TR, B EVWRBEOZEH ML L v > AT ST 540
RELOPLTHS. MHHRKIC OV TR $&ﬂﬁ%mktxéﬂﬁa@miwbgﬂ
FoV S, TR B KSR 0 T T 2 AR N 0N MR A A oA e X [ B
E— 7 OMRIZELMBENLENE %,{ 5
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AWEIZER L, ARG T 5 8k 7 & o 25 - TIHV @R AN LIk
AT AR BRR, FNESESIILEE, RETTEIIESEO G ATKIC, et
acfE « FAKIER G B ORI O AN B 72 v i AR R K4 % 0354810
HRCRSHEERL T,
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1) ??Mf:iﬁ\ (1972) = |LHbjAckIT 330 % ki tH oD b, ARER B L ARBHFD T s, o5 148 5, 18,

2) ERECEEAMIERT (1972) 0 AR R BRE R (BEF 33 A~ IR 46 42),

3)  RERCE LADIATH (1979 I TE) - T AR AT BIER (o 2) (0F1 46~ F 52 15)
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