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Comparison of Flood Runoff Characteristics
between Natural and Urbanized Basins
By
T. Kishii and 8. Aoki

National Research Center for Disaster Prevention, [apan

Abstract

In an attempt to estimate the increase in total volume and peak discharge of
flood runoff, when a natural basin which consists mainly of mountains, forests and
wastelands becomes urbanized (industrial and residential areas, parks, ete.), the
runoff ratios and runoff coelficients of the Rational Formula were compared between
natural and urbanized basins in Japan. The studies were carried out by applying
the rainfall and runoff data observed in 23 basins,

Both natural and urbanized basins are further divided into basins of high and low
permeability, according to their surface geology. Consequently the basins are
classified into [our groups. The basin of high permeability is defined as that covered
with quaternary voleanic rocks or pyroclastics or weathered granite rocks.

As a result of analyses concerning floods with over 100 mm in total rainfall, the
average runoff ratio is about 0.6 for both the natural and urbanized basins of low
permeability. Tor natural basins of high permeability, the average runoff ratio is
0.2 and in the urbanized ones it is 0.3. The average runoff coefficient is about 0.75
both in the natural and urbanized basins of low permeability. Tn the natural basins
ol high permeability, the average runofl coefficient is 0.2 and in the urbanized ones it
is 0.3.

Trom these results, it is considered that, in urbanization. the surface geology is
basically an important factor in the runoff characteristics as distinct to the changes
in land use which are relatively important.

Besides, by analyzing the parameters of Kimura's Storage Function, it is con-

firmed that the storage capacity of the basin will decrease due to urbanization.
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Lastly, the result of analysis using Kadova's formula makes it clear that the
concentration time of flood in urbanized basin is about one-third of that in natural
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Table 2a Runoff ratios in each type of hasins in
case of over 30 mm in total rainfall
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5.

BABUUR (AAGR) <k, MEEROEBL0.6 ©H 0, 0.2 Fokiigl - b,
TR A D IR & e 2 B i R B ﬁ%uLkh:&ﬁunma.:%umﬁﬁ@xieg Ha
Feps 200mm BT O MM OBEBEA AL, FRET E— 2 iR E 5 5 M IR
BRI LBEDTHL .

FRBWCE (BRI T, WINRELENE S e otk LT LT 0, TFHE
LRSS 100 mm ¥4k 0.2 7 200 mm [ iy, 0.6 LL[-d 7. = 7z, WIS
1 Eoffide & DKL EFT B L8B3 2 L it b

X9 alt, mmﬁmmﬁmm%M%&Lt%®ﬁ H%ﬁ%'&Sa)mk&.$ﬁ%m
HHEBARE G &, BWEOMMNE & LT 3HANDS - L1 HbAT5 5.

B9 bix, BEMK WS 20%8: Lietochss, HRME (M8b) it
-~ ERROTIEME, FRMEXALZ L &R L CERTEORMA L ST RMED =i L

LEMMGED LN,

Egcm,a%%%mﬁﬁﬁﬁﬁmOm1mﬁLt%M&%%m@fva

LT, BHRORMAL MCHINGREZA TS (K8 ¢, KOc) o2z, FRigm
&Wmﬁﬂ<ﬁ,ﬁﬁ%ﬁﬁ\%<kéam5ﬁ@%ﬁbLfm5&§,ii.

RIT, FEHEARE E BOKF RS R TFS E OR R K10 a s gllc ©5 5. it s
mfh%%mﬂ%ﬁ%wvmﬁmﬁﬁiwnmwnuh%ﬁg&Lt.

Hl0ax HAMEO MRS H R E Lt DTh TUGENZ 0205 1.0 L) = w5 ¢
%WLK,ﬁmﬂéﬁﬁww%%m%%(uT,mm%@ L3B) Lok, BTt
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g,

[X10b o EHiE (1AM 2% s LicdboTit, MG UTTHL

10 ¢ ZIFEEIR (AR 2 S e Licd 07, 4 EMnc i 0L s o8
& Jbic ek LCWL 2 B2k 5. MW 30 mm/hr LT Ch - T bR
EboENSS.

Mlla, p11b, Hllc ik, #MHMEENELE LictoTthny, Himz, dmle,
10a, ®W10b, RI0ciwFRFRMURIE LTS, R b iz, FHERKOFEHRART
MO FRARTRRL D AEWZ ETHS.

M12a 2 5K13b 1k, RFEMHEI S CRNCHE IR S B RS OBGERY T L d
DTHD.

M12a & [M12b# lb% &, FIARMERIC 34T b REFUE CH D B R e & 9
E T A A BN RS L cia M s Te =i B, B A i, FRELEEE
40mm/hr fE L MM G, 0.2LIFThh, —F, BN HRRD T, TRE?
0.3 TA¥A 0.5 Ll kawasd.

WiiHH D %= o — v v (ki) WX (K13a) oflciL, mHEERL, BE
e 100 mm/hr ¢4 0.5 LA FeH b, —K, PRI (LB filaE (X13b)
ETFIRET 0.2 7, WocHE= o — 2 7 WU L O FHHEL R =L,

M8 apbM1d3b Frofl ot HFHRMA 1.0 &is 28R H o7, WO E T, 3
BETRC BT amIRBAEEA S TH D, R GHUE, HERL, OXDE) R
Sadh, FEMID GEMIL (D 5 ek, P = o — 2 v v ek, I AR
s s e BT 5

SE TICI M RE L 0% Bz gk Ml & LT, #Hll (A, 1972), il (R,
1976) @i mE ST h, HELLE E VWS X0 2 el Bl oI &
TED LS RARLE, ¥, KA Fe 7 20w s A0 Eio 5 ARmEL T
50 mm FREELL [ LK ARSTE R 0 B ELR O F 2 2 <, Eofh, 2 1LEkR BB Lk AR
HO RS AR OB WERER S 2B G E a1,

1. 2 RHFEROT LD

[, 23l & L] SR UTLT L » oMl o & o tgilE s s 3 5 it R ECE
Bl ¥ LB 0p#S a~%3 cThh. ThHOEERRELEDARI4a~RIEbThH
L. ST NTS 2 e L ol MU TH DL, L, FlskiErsl 10mm/hr B E
YR AP R I L T SEROMINRE A G L, & ORERRIE & it iHREDBIREK
2, BRBENCSTTRINT A HELEL RS, SR To Tt BERES R
ORI E THIES I WCHBID RS » 07, BEEE 10 mm/hr L 1o—20F
CRLZEE L, ChbDED20% M, 80% fHw L nEL, &7l b iR E

|
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* Ja B ZEILAE, BFEESOmm Ll E S s LicoAiE14a ~[¥156b
Table 3a Runoff coefficients in each type of basihs il &
in case of over 50 mm in total rainfall CH5b

N ?{E% El PR ﬁﬁ # W B Eldary, apEzdgicLizdo
B #l|%eE . B E|es TPV, BRI EEHH CiRb
IR LR |

* W B BT KR B gy pac R b b, BT

' 70/0;1"9 ;0.58 179 Lez L2l | 192 ) )
10% | 0.93 |0.35 {100  0.94 072 111 100mm BLETE, FHERCE LT
0% 0.63 [0.23 |0.86 0.72 | 0.62 0.85 () 935 % stk
30% 053 |0.20 |0.70 | 0.69 051 072 =EDD
40% 0.44 |0.15 0.58 | 0.60 |0.48  0.67 THKFI4b oRERE A ST
509 | 0.35 | 0.11 | 0.52 0.55  0.38  0.63 ) N
602 [ 0.28 0.09 | 0.45 [0.45 0.37 0.60 5 ZIEHFREOTIEIEHHRIC
70% {0.20 | 0.09 0.39 | 0.41 0.34 0.47 . I .
80% ' 0.11  0.07 0.3 | 0.35 0.29 |0.45 THOSUTIeEEs. Lk,
9% 0.08 1 0.06 |0.28 [0.20 0.24 |0.35 AL EEIKOEE, TR0
100 0.03 |0.03 {0.23 0.13 0.13 | 0.29

mm P Eo#HET0.28 LHLLTH

£ 3h EAREHELIENRE, @HR00mmE
Table 3b Same as Table 3a except 100 mm in total Hld ci3dE@Em 2 w8 b Ui

Ef;;'ﬁ* \ (».119 | 0.184 | 0 601 ‘ o 581 | 0. 464 | 0 665

rainfall

< E - . WERITH D, [N & #Ti

- # m o B _
T oy 3;1}-_,[;5 '—'—‘—g|—— i, FEmEREE10mm/hr L EoEc

o # 2 ik

ma e g 5 5TR R E BT mmmaone 0.1 1k e
0% 132 |0.31 | 132 | 192  0.51 } 192 bl Eh, K4 HET 5
20% 0.8 | 0.32 |1.00  0.85 | 0.51 |0.95 R,
80% | 0.13 |0.09 |0.51 |0.41 |0.24 oo &» 20% fHE 80% fHOE, itk
100% | 0.06 | 0.06 |0.28 | 0.13 ‘ 0.13 0 28 FET0.3NETAEL, K Lo

%%{r 0.435 | 0.178 | 0.747 o 661 0.333 ‘ 0.755  CiHEAA X QBT B, EiE

* 3¢ wkilérr‘?ﬁﬂvwm%ﬁaw 10 mm/hr LM_ e F 0 0.3 LT & AHiE N

Table 3¢ Same as Table 3a except rainfall intensities X
within the time of concentration over 10 mm/hr :
P 3 3 EER R L RS

T &l o wne MROEEEE-kLoT, Mlda

£ QQW%% ﬁﬁﬁﬁ fﬁ@;ﬁbéﬁ ~R14c L HRUEE b I 5 i,

O FIAAVAR L 5 B (-

%6 TN OEL Db, HkoBEE

0 GEI) SWEMEEIC IR B s
O RELELTI bbb,

Sew

0% | 1.42 |0.49 | 1.42 ‘203 |0.62 |
109  0.99 | 0.35 0.99 10.99 | 0.49
20% | 0.68 | 0.27 |0.93  0.83 10.39
30% ' 0.56 | 0.21  0.88 ' 0.69 '0.37
40% 0.37 |0.18 | 0.63 | 0.60  0.33
50% 0.3¢ 10.13 | 0.56 | 0.49  0.29
602  0.24 | 0.12 | 0.48 |0.42  0.28
70% 10.20 | 0.10
10
0

1 0.38 1037 0.25 46 M15a & [}15b % k45 &, #ii
80% | 0.14 :0.09 | 0.34 0.30 | 0.20 2 o i
90g | 0.09 [ 0.03 |0.29 0.22  0.14 35 MEEO A AT X b A O AE S
0.

10025 | 0.02 0,02 10,19 0.11  0.11

wfyre 10.398 | 0. 15; |'o 600 | 0.577 | 0.366 | 0.7

PNEWG. Zoo bk, #TEE B
sz lb~tudE S b)) omE

oloeocopoooos
[#7}
oe

e Y, =
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T %Y= 7 e BRI AT, W RO ML, ki minTd S L F 2 S,
R =50MM R >100MM r >1CMM/HR,
1.0r 1.0r l.GI"
'_——”’r—,’_. | ”,/’.
.l / 051 05r
|
I
L /‘/O
e
0 1 I ob—t 1 O{ 1 1
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B 1da G RECE SO L & ORI, it
Fig. 14a Relation between runoff coefficient and stage of urbanization on all basins
R 250MM R2100MM r>10MM/HR.
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Fig. 14b  Same as Iig. 14a except basins of high permeability



Bl Sr B SR = v 2 — WP H2LE 197943 B

R250MM R>100MM r>10MM/ HR.
10r wor e—ru01 . W
- —— ———*
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- A A
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& L
g e /
e ’/’//,o
505} o5k O 05y
E /0 b ””,,;—O
g | e o~
0 1 [ O| ! it 0 | |
&—@ Amount of 20 % exceeding
N: Natural basin LH—4 Average value
U: Urbanized basin
0—0C Amount of 80 °kexceeding
e GEINGRE LR ORBE L OBF, FEREIR
Fig. 14c  Same as Tig. 144 except basins of low permeability
R2>50MM R2100MM rzlOMM/ HR.
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Fig. 15a Relation between runoff coefficient and permeability on all natural basins
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R>50MM R2100MM r>100MM/HR.

Runoff coefficient

\

0 I | 0 1 |
H.P LB HEF L. F P . P

®—@ Amount ot 20 % exceeding
HPR:Basin of high permeability A—A  Average value

L.P: Basin of low permeability
O0—0 Amountof 80 %% exceeding

B 15b  JctHERE & s o 2l & 0B, #miist

Fig. 15b Same as T'ig. 15a cxcept all urbanized basins

5. HERBOER K, p OB

e 7o O EEH B LS & S ic b T 2083315 O LWL D TR <,
WG ETd fEcMETS 5.

COETCE, TOrAEIh TV A IHEEOER KB I U oW T o RAVH A
HT & Tl ORI DEND Bk AS.

P BB D B e A & 0 R & o B R

Sg:KQgP
Syixr¥E (mm), QrEEER s (mm/hr), K, pizEiL
wkbT

I SRk 8 it A B, #B il 6 U Ak B A b e, Theh ol MR il s
NI D 5 h, -2 fEARK, BWESTAR XK A TH -7 3 fE
Hoftka #0 (YA SHEEOBAN LT £/t 200 A—oitk &z 8415 53), &
WoPEr X, FEEEoR LRk,

IhhrboftKcdTairfm S ~ s Q olFR2E4 ak LU0E4 bicrid (1
Zhes Tz SiaSe, QEQEFRLTHS.). Rz ZOFAMERERIR Lizoa
M16a »®16b s (HhoFi).

M1l6a ~[HM16b i+ 5 & Ao R S~ @ OERIL, &KL D
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# da JrE{BEGL, DARE

Table 4a Equations of Storage Function on natural basins

%Ji“‘g i H A B A 4 S ~Q ‘ f%p Qﬂz%ﬁj%f%if;?‘kb%f ?ﬁ%’?ﬂiu r ;%ﬂ)\;ﬁ(ﬁ%
@ ‘% B H & S =40, 0605 ‘ Q R T
&1 B il )i S —35.9Q0-41 7
2'*2 ‘ " 5:21.900_35 ‘ Q, R
3 PHEN.T. (No. 1) §=19.0Q10 T
&1 K i §=15.1Qu% | T
4—2 " § —12,70Q05 -
£—3 . S=7.4Q0% 0
@ ZEEN.T. () §= 7.0Q0% o, R, T
@ |m @ S=m.9Q'w  Q
T i I ety S= 7.0Q%% Q, R
& i I (F98HG) | S =10.060- Q, R, T

& 4b  FHUBAECR, AT

Table 4b Same as Table da except urbanized basins

T—1 | E A Il Gusg)d) S =7.75Q03 @
i—2 " S =1.19Q0.0 R, T
@—1 | E A~ N dEein §=4.329%% Q
&—2 i S =3.10Q0.% R, T

@ FHEN.T. (No.5) S=1.45Q0% T
@—1 | #EN.T. Gk} S$=0.6 Qv R
L—2 " S =0.37Q07 T
D—3 " S=0.17Qun | @

& A (CEfAFE) S =12.0Q%% | T
@1/ J(ckhs)y S=0.3 @t ]
B—2 " S=1.2 @ R, T

BRirhlMcsd s, Tihbdb, A—MHS2ET08EL, HARRO TR E b
K&, OO Kix, gilifiEochclbTH b kE{haH@madn L Tn

., A OLTHFE L TAS &, AAMEC oW GRE 0B iTES s p =0.54
Elch, STEEC oL TUIRA UL p=0.63 Lin o TR E AT R L, i 22 DRI
o TiE, B p =06 7B, T, 2R onT, p=0.6 LETEL,
MK DK DERAHNTE L LT2, 2ok, £da, Z4bolBEERYkOT
EeXVEETS. FFRBEEAC LnitBo NEVWArkER TS 2L L, K16a, [M16
b (M7 7 7) kT ER TRl e ro ey — s ED)NiHhAEN 0.6 i
531 (Bhogik). toEflitilial (mm/hr) LoZEgERD, TOWREREL Ko
fliE3%. FLTED K oFHHE (Bt 2&50RKCo0TRDD &, H AR K
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Natural basin Urbanized basin

1ok
E
£
= | .
5
it
g ! Runoff  {mmibr) i 160
oy e 4 d B 16b PR RIS & H R
Runott (mm/hr) 695@”%: ?ﬂirhaﬁkﬁ
B 16a BB o= Fi R & o R, 8RR Fig. 16b Same as Fig. 16a except
Fig. 16a Relation between storage and runoff depth in urbanized basins
the equation of Storage Function on natural
pasivs T 15.6, ¥R BT 2.6 45
(Bq17).
& BEogE, KEi,
o2 o ’
SO° BRI T
o
100 ¥ S,=15.6 Q" )
#iti i clx
C:;\(\\ 0.6 (
5522. 6 Q,ﬂ_ " LS)
Eir%.
£ e Sk i S it
E FI SR 12 AR v v Fe <l - D i
w gt L, Py Te ol me
o
g FoThdZbdbnid
&
6. HKIERMO#EER (AERX)
DB
1 o . A Fora IRl s TH KD Y — 2
1 10 100
Runoff (mm/hr ) WA HET AR A UNE I s T B
EI 17 Fl@&iﬁ'ﬁil@{i&%El[iﬁﬁlﬁ@ﬁﬂ‘@ﬁ@ﬁ@ﬁtﬁ o DAL, PSR & Rk fikEE
Fig. 17 Comparison of the equation of Storage I'unction
hetween natural basins and urbanized basins Fidcs s
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x5 fELoCOHE B

Table 5 “C” of Kadoya’s formula for time ol concentration

R R " e ! T
wmow s HRHE com | [ momom o |G com
& i N 18.2 140 _ FEHN.T. (No.39) 1.75 180
g ®OE A 8.0 130 | £i 5O GHA 7 i) 0.158 200
T =) 3.12 180 % W (AR 8.6 110
i N et 1.97 I 260 : 1muJH (ki » K& 0.15 200
woF 7 1.24 100 e e——
;j Jﬂk(ﬁnniﬁ%g 881 360 ECE U &0
; %“ Mi ﬂ' . ﬁﬂ%w&r(mm‘ 0.362 50
% | e ol I D | g (brEsE) | 16.48 80
g N.T. (No.3) 1.91 180 | = _ -
e T, Ginn | bEE | i TR (R 47.98 80
s '(_.,_j_.Fr) 0'96;5 f1if o oo ey 13.484 70
e 4 SETES A ; |
®]o_ Hs - W ZEEN.T. Gkl 0.028 40
S N.T. (No.1) 1.874 180 _
woO (kb HE) 0.32 50)
" (No. 2) | 2,56 180
F TR BB R R oHEER & LT
f,,:C'YE_U‘Rﬁ'An‘zz (6)

AN EREL T 5.

= ZCt, s BOKEDERRE (min), C: ko REFRES R 2R, 7 FAREN
¥pr (mm/hr), A:piEEE (km?)

SR T R BTER O PN ERC ST A ERCERDD L LTS

ik o & iz Ob{’&i@j@kah*@#?5;wé Pk iz, C
Dtz 100~360 cEifti 184 ©& 0, ¥ TR U< 40~80 w3 hfiy 64 TH 5.
Chow E vk, dhkEERELI

BRST e

t,=180-5,7"%. A= (7)
H itk T
f;-,ﬁﬁo-rc,‘“-”-‘./-l“-'ﬁﬁ (8)

7, B)XcH Sl S, JORFLEFERE, Wi-cE, NRRR 1/3 k74,
s, faES, AHUIRES RN (B, 1976) 1 X - T, SokHEIER i
GO 1/4~1/5 & 725 £ s 5 MERE A A LT b,

.% &
ljé‘fwmﬂcLﬂﬁ;ﬁﬁk@é&ﬂwwﬁﬁlﬂiﬂﬁé LAt s C L e R E LT, WHE, wlk

COFER, U, iR, %ﬂ!‘ﬁ{;mtuk*a){Lj[{%nmi(@:c}u_ltf\f%<,hcé
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Table 6 Summary of runoff ratio and runoff coefficient (over 100 mm in total rainfall}

& il i ik
2 = | EERE FEESEMIN

wEsE B A B
49| RENE | FELETEM

oo 0.360 | 0.207 0.58 | 0 520 ‘ 0.315 0. 606
0.747 | 0.661 0.333 0.755

Ui R EL 0.435 | 0.178

DENS LR &R A T 5 & @fﬂ_E@?i/J*u;LJﬂk@JJLFFHJ?@?I X
DimHE, MG AEBRL T2 AL ETT 5T,
%m%ﬂmmmuL®%ﬂmobf,ﬁﬁ$,ﬁm%ﬁ®¥ﬁﬁ%ﬁﬁﬁﬁ?.
ToEO LK, BEERBCEEBOREME b IERBIE T, WINE,
BRI R EVCAHARMIR E IR coffic g L Eiisl. £, U kils R
MR TR R R AR TR, HHE, ERETAARTE, MiEE e bz

EED.

T kg, FTTME T T L, W, SRS, WO A - T B T
CEoThESEELSITLE G o ETthY, FHFHOESEA LW RS X Uik

A
=
mﬁ

eB T EFBWRLTHD
AREIC B TR Lok i, &K, Ao, ARAOEHL, £2H
3 BRI 231~ C 1958 4E 25 65 1978 41 & T eon[Hlic 35U TR S Ao R R A, ‘{ﬂsﬂ;‘ft*?F%
bl LcHERH Lt Tehs. Lichi - ThliHok il gstcah, %
P Y s T E AR RGER oL L H 5. AR, 2
Fi G U CHUIRER O K E Rk B0 28R 69, 4% LRIKRrORIEE

20, B LOFOMoREEEHTHhL ZEABETH L L bHNS
A, ARy G KRR L ORA AR KRS EET S 2

AR AP E LCn L Tl ER R0 —Tah s, AEREEHEL
7o W] RTINS B 2K B AE  e bs X VPR 0 I i IR & o 2o IR, BARIIELLTY,
eSO Y E A e e AT REES L IR R B MEE AT oA TH S,

2 £ X M
1) FAR(GA (1972) « (Ui 513 Bkt oot ls. AR LORUISERS, AT 143 5, 7.
2) AN - R (1966) : WIS, fAL, 585,
3 mE e Bl & (976) ool ookE R TER A B SAE TR, 5195 B
143—152,
1) AR ke (1976) : Fmib LM, SEEIIABRBEAEITC LA GERE) Mgk, 18
5)  AkMER (1961) : BrRiBIR0C X AU KEHGEE R, HEERE 1 RTFIERT.
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AR OHE - R AES - fiHBERT (1976) @ 1975428 H1T QSRS 5 5 X AR o $4: 5 i
PRI, EATB SR v — A F o5, 30,
JPFEEAE (1976) @ UNAL G © kI LEHEEF - FF ALK T C 3813 2 25 O R, B 3R
M = v 2 —WIPEEE, No.o 17, 1-—16.
RERH R (1977) « AROHE 1977, @A, 45,
EE G (1978) « mIK=c. A iig, 179.
W EEGE - fREEN - sF B (L971) « &R AR R B e n i —.  LARB TR,
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