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Response analysis of rainfall runoff process to spatial distribution of impervious area based on numerical
experiments//MEI Chao'”, SHI Hongyuan'®, LI Ruidong’, LI Yulong’, LIU Jiahong'?, LUAN Qinghua’, WANG
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Abstract ; In order to analyze the response of rainfall-runoff process to spatial distribution of impervious area, a hypothetical
experiment area of 3 kmx3 km was constructed, and 36 kinds of spatial distributions of impervious area with six
impervious rates were set. Numerical experimental models were established to simulate the rainfall runoff process under six
kinds of short-duration design rainfall with different return periods of 2, 5, 10, 20, 50, and 100 years. Based on the
simulation results, the runoff processes under different rainfall conditions and spatial distributions of impervious area were
analyzed. The results show that, under the same impervious rate, the difference of runoff coefficient under different spatial
distributions of impervious area is generally small, and the spatial distribution of impervious area has a certain influence on
the peak runoff and time to peak runoff. Under the same rainfall condition, the change in impervious rate is the dominant
factor for the alternation of the runoff process, and there exists a linear relationship between the runoff coefficient and
impervious rate. With the increasing of impervious rate, the runoff process line gradually changes from “low and fat” to
“sharp and thin”.
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Fig.2 Spatial distribution of impervious areas
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Fig.4 Runoff coefficient varying with impervious rates

under different rainfall return periods

TR ANIZ 7K T 2 18] 4345 A ) S 35000 48 It W18 22 55
SER(EER RN 15.98 m* /s, L) 50 4F— B R 1 5
F , ANBEIKFEA 8. 3% Bt , AN [a) A 385 7K i 23 ) 43 A
AR {E S KA X 2506 34.9% . FF A1 5=
T, X —HEA T 4.1% ~22.2% Z 8], AR FEK
T 25 () 0 A X AR SR (A — R 2 )
2.1.3 &It

ANT) 8 A A 9 0 B[] B AN 3 7K %A
gt a1 anE 6 i, MWE 6 W LLE B
ANIBARIGIN A2 0 B[R]/ | D AN 58 7K R AR
AL B FI AR, UE I BOE B, 7R A ] 5
WIF, BV B R AE KR AR E KT 2 6] 55
A1 T B WP A 7] 25 S AR AL AR S B A . 7R
50 4F— I FERNN SR, AN IEKE 16. 7% B, AN
AN K TH 23 (8] 53 A0 B LA ] 22 4K 12 il 16
g R s 1) 25 S e K, AN 2500 66. 4%

—=—rl 2 3 4 ——15 ——16
175 175
g g
£ 150 £ 150 ‘
= 125 < = 125F &
= =
Z 100 2 100
& 75 & 75
50 ! L ) 50 L I j
0 30 60 90 0 30 60 90
NiBEKEI% RBEIKR %
(a)P=2a (b)P=5a
1751 1751
£ £
£ 150p £ 150f
= 125F Y = = 125} .
= =
= 100f = 100f
& 757 & 751
50 L L ! L | )
0 30 6 % %5 30 e 9%
RiBIKE % At K2 1%
(u)p=lla (d)P=20a
1751 1751
E 150F £ 150k
E £ 150
E 125+ »E 125+
= L = |
= 100 = 100
w751 w 75F
= 50 L L , = 50 I I )
0 30 60 90 0 30 50 %
RIBIKHI% RBIKA%
(e)P=50a (f) p=100a

6 AREMENH TRRIEI EREAREKEHEL

Fig.6 Time to peak runoff varying with impervious rate

under different rainfall return periods

2.2 ERPBEESAEKEZESHSENEX

RO

—=—rl r2 r3 4 ——15 ——16
80 120
T 60 E 9
40 Z 60
& &
2 20 B 30
0 30 60 90 0 30 60 9
ANBIKH % RiBIKER %
(a)P=2a (b)P=5a
160 180
Z 120 135
& 80 = g
= g
2 40 K245
0 3060 90 0 30 60 9
RiBIKHEI% RiBIKEI%
(c)P=10a (d)P=20a
200 240
E 150 ":E 180
& 100 T 120
o &
= 50 2 60
0 30 60 90 0 30 60 90
ANBIKHI% RifsIK 1%
(e)pP=50a (f) p=100a
5 AREMENHTERIEERAEKRNETL

Fig.5 Peak runoff varying with impervious rate under
different rainfall return periods
(] — N5 7K 4 TN R T IR, A [A)AS 35 7K T 5[]
O AR MR —E 25 5 TEAS [ P R HE B

MR ATN ZE Rl — AR ACR TR | AN K i

23 (0] 430 XA 37 2R B30 5 MR A /0N | E X6 448 37 068 (L A

W BN () A — R 52 M, 2 B AN 385 /K T 45 [B] 4 A5 A8 1k

fE—E R LIRS TR A E R AR L, &K

[0 43 A BE bR AN B K R K AL, L 50. 0%

ANBACRNG TR, 2 T A2 AR A AE S A 5 /K T 28
. 89 .



] 53 A5 AT 2 8 i#E— 28 43 B AN 35 7K 1 25 ) 43 A
FEIEX AR U RRIE (I 52, 25 SR & 7 iR

ME 7 FTLAE L FE 50. 0% A KR T, A
VEHRI 3 MR FARIE(ERE 3 A ARB /KT 25 (B 06 5
AR A S BB 0 B, — T T TR S AR SCis
B AN B K A2 ) 3 A B B D G, s — 5 T B
T 3 2 R S AL 198y RUE A58 07 RN S O o A
Al g SO R RN Z—

IR SC24 R B, R T AR i A — A e gtk
AR AR SO E IR IR T R R, M S
I NG F R N AR M R AR
52 2R (M ANE 7K T 255 (1] 43 A PTG 2 ok 3 °R A L Ui
T RSB ¥ W 1) BTt ol A e 5 T DX e N 2
JEHAB XM HABREENAE , EE— N
FAM AR R X R BB — R B KR TR
[R5 7K T2 () A7 0 10 9 o e 7 2 S i T
R Z —, ASCETEE RV PR T X —30
G AR FIZRING T 5 Y AL B2 LA 75 L
BFIRAMBISE , ARG, T2 — LR E
K T 43 18] 43 A 5 4% R AE (R 22 8] Y 56 2R, Bk iR )
FEOR AR AR 2 R ) NI K T 2 E] 43
ARS L, DT R 3R T 7K SRR 7R A g 3k 7 AN 325 K T
25 [ AR AL S 5 s

—=— p=2a P=5a p=10a
0.54 0.54
0.52 0.52
= 050 ﬁ % 0.50
% 0.48 % 048

G 046 & 046

N

2.3 AEBEETHERRTEI LS

P18 Sy A [ b2 W Fi LA RN K 32 T 1y AR it ik
T NEITR AT LA 7E A —BE R A 50 R, R K
HEIMAE A I R A AR AL, R
RGN | e LA [B) B2 17, 428 U o R R DA SR
AR JE T BV FEAR B AR R IG5 T, R
FEEIBERKBETR B, DL 2 4F — B RIS 52 R
B, AN K M 8. 3% KGN E] 83.3% , 129 R ECT- 1
fEM0.08 /Mm% 0. 87, M IE(EM 5. 1 m’/s 40
F65. 5 m*/s, WEF AT E] A 125 min 80705 87 min, |-
g I IR T A 5 B0 AN B ACR B IR i A2 3
TR R F A0 7 ] AR Ak, (A5 3R T P 5 AU
B, BeAh AR AR EAKR T AN FIAN B K 2 [E]
oA TR RE R R —E %R, FARE
TR 25 6] 43 A XA I B R A — e 5
2.4 it

AR SRR X R T AR i 2k A X AN 175 7K T 23 [B] 534 1Y
e 43T, B T REHLSTIA L T 6 M ANIE K kit
36 PSR 2 [0 A, FE e T 6 A i i i F%
WA T ik, 45 R R, iR 40T &
A EAEKEELMEMHC KR, 7 —RiEKE
AR K ZS A5 A X AR R R A — e, R
L5965 DRI G FR 45 RS L AR SO TR

——p=50a —«— p=100 a

0.54

pP=20a

0.52
\\F‘""’" % 0.50 V\/
MR 0.48

X 0.46
0.44

0.42 0.42 0.42
106 108 11.0 112 114 28 30 32 34 36 38 8 12 16 20 24 28
ST AR AL PR B % Sr B
(a) FEWABE SWLRSER (b) #RUR B HEm TR E (o) TR ARG 7 B AR AL
80 80 80
< 70 /\\ 270 \\f\/ <70 1/~\*‘—*
60 = E 60 —_— 60 [r——s
£ 50 & 50 50
= 40 £ 40 £ 40
:Q 30 e Kﬁ 30 — @ 30y —==—a—
20 )| HE 20
10.6 108 110 112 114 28 3.0 32 34 36 38 8§ 12 16 20 24 28
OB R AL PR B 9% ST B
(d) RIS IR E (e ) AR 534 P AL (f) U553 B PSR A
135 135 135
= 130 = 130 = 130
£ 125 £ 125 £ 125
g T A
=20 =4 E pof = £ 1201 E=NAS
o = ~—= ==
= 115 = 115 = 115
110 £ 110 £ 110
105 03— 105
0.6 108 110 112 114 28 3.0 32 34 36 38 8 12 16 20 24 28
SOIUEARFE R B 9% Jr B

(g) WL ]S SRR £

(h) WS i) 5 34 P A

(i) WL E]-5 43 88 i B

7 BRRFEESAEKAZTEAIRSEXER
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