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‘Runoff Change with Urbanization in Tawa New Town Watershed and its Fractal Geometry

AN e
By Susumu OGAWA

Flood concetration time equations are derived from fractal theory
for urban rivers and sewer network. To know the effect of urbaniza-
tion on flood controll, flood observation had been started in Tama
New Town for the past fourteen years and its data were analyzed hydro-
logically. The major results are as follows; on the process of urban-
ization, concentration tiee has been shortened since impervious area,
river improvement and sewer network increased in a watershed.However,
the peak runoff coefficient only increased with impervious area and
sewer network. These mechanism can be explained very clearly by the
concentration time equations expressed by fractal.
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Table 1 Fractal dimension of rivers

RIVERS YEAR | FRACTAL DIMENSION
® Raia Gauge
v Water Level Gauge OHGURI RIVER 1970 1.06
1975 1.03
1980 1.02
1988 1.01
KOTTA RIVER 1970 1.08
., O 1975 1.0
’\“\)r/ &1 3= | goTTA SEWER NAINLINE|1982 1.01
Fig.1 Ohguri and Kotta Rivers KOTTA SEWER NETWORK | — 1.30
OHGURI SEWER NETWORK| — 1.29
D=10 =11 D =13 D=20

Fig.2 Alignment of rivers and their fractal dimension™
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Fig.4 River improvement(left) and sewer network Fig.5 Fractal dimension and flood concentration

(right) fractal model™ with river improvement x. and sewer network x,”

—131—



@O~@ORLOVBFEDT7 77 I VKRREDBRDOE SRS,

D=1/1n(¢vV A/e ) Inl[ " e P {(1—xDIAP 2+ ;28,7  £2'""2(x A)"2/2] ®
EX&Y, BFEOKE NS 2~y BRELALBEVEORET , (), G)XEHVCHAKIERMOE{LEH
HL7-OHFig.5 T3 Y, M)IBEEE TRERME CRABBRHOEMORRERRBESZ 2 8DIBT.

5. B

RENEZH)IOFBBFT 2T, REOER, Btk BFMOEH2R . .
BHE=2— 5 YV DIBHE~BMEDRAKBORE o KL 7~ 5 2RV, SKBLERMN, Rk, THE
FEONF A=y 2RO, WAL S208KENRI L. BRUMES, AR (ERER B Lom
HEkEn{Tbh (Fis.8) , SRR TREBERTDNAL (Fig.T) . #-T, W0k IERGOE
g, AR TAERBMI X2 0L EE3Y. WABEERRE, NdZtend Ful5 701K
5, REOE—/HOBEBECRELVRENR M HEeR . BHER, {AIAESMAOKRHR
LER (BYBRFE) oIV EH L. FBOHERBEKN «REBHBL D, HEOMEREBIIKine-
matic Wavel kiR K AMHAOREL L. COMOF— Y REARBERRRCERLZOEN 'V TSV,

BEXY, BEKOMNEBETIRMRY FERTREZL, OOXDOHEEL, LD0onkR2, 3TH
5. WEJlE S RABBEMBET LREMLTVIZ LA s, BAKIEEMIECS TR, Y
BEr IOEHTZ0T, D), G)RNEVESHRr ' BVLr I TRUCHBIET S SBENRD S,
TH5LC, HET 3 e CRBEORBBROEANMEECES. LI57T, HEARBTKEOEERES TS
OT, TRPFZCORTHRWLHURRIOMEL THHI ZLBRDS. i, MEEER LT,
MEOHBERELT 30T, RURROBRLOBETILERDS.

TH5LT, ENENRELEL, BELELEREoRBRTRRARCEH)IOMERTRME, 7579V
KORDLBRW LB L 2 OMFig.8,9 CH 3. ThoBVTFRIFHMEROHTRKLELLE DOTHY,
Fig.8 CREERMOBER, Fig.9 CRTREORTHMOBERZEhTYE, WThd, FITRER
UTABEHELBEAIZZMOEMEFSL, LABV753 2/ REZERMEBERR-FLTWS.,

Ohguri River Kotta River
1 T T T T T T T T T 1
z - - -~
S | .t
2 o)
N} l1e Gt
> <
Z |8
m - > L
5 &
o o5f 4 x 05f
o) >
o r 18
’: o
< @)
o B - ; -
<
5 4 @ L
0 A—de o]
’ 80 !
YEAR YEAR
Fig.6 Urbanization index in Ohguri river Fig.7 Urbanization index in Kotta river

Where I wp : iwpervious area, fp : peak discharge ratio,Ri :river improvement, Sn: sewer network.
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Table 2 Concentration time of Ohguri river Table 3 Concentration time of Kotta river
year re tp tp’ tc’ ts’ || vear| re tp tp’ | tc’ ts'
’69-71| 2.02us| 155min| 125min| 96min| 6lmin} 69-71| 1.39mm| 180min| 166min| 104min| 62min
’72-75) 3.14 | 120 104 66 54 72-76| 5.99 | 76 72 45 27
*76-78] 12.91 80 125 45 35 76-78| 16.59 40 42 30 12
'79-80) 7.01 T4 74 32 42 79-81) 15.06 | 42 42 31 11
’81-83| 10.08 ; 60 56 22 38 82-83| 14.61 | 40 42 32 10

Where re: effective rainfall(observed), t p:concentration time(observed), t p’:concentration time
time(calculated).

(calculated), t ¢’ :channel propagation time(calculated), t s’:slope propagation
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Fig.8 River improvement and concentration time
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Fig.9 Sewer network and concentration time
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