%42 % H8 tOE 2 K HE K Vol. 42 No. 8
2026 4 4 A CHINA WATER & WASTEWATER Apr. 2026

DOI:10. 19853/j. zgjsps. 1000-4602. 2026. 08. 002

IR N TV AT AN MITE 2R

IR, wlrE', IFLE’, FRT, AR, Ik
(1. kFERAKRF MTHRKRZASKAERFIHELERE, LK 100044; 2. #F 15 %
X5, £8)

W OE. EEAXELERREKREEER (SWMM)IEFh k&2 B A 2 KR e 205
7 E T TR DN RBRBERBR, e TAREAF T E T A SR — 80N, R RAFBRG M, AHT
RBELHATRTREANRG LT RTIAE LG %, N A LRI 2R AR FHLEHER
R 5% E Ao oyt o X it mR R A AKXt 2R SR Ee 7k, SNRELHE K
FEARR G HIIE 2 R A EEAX ERE R R RATARE LA BIF— 50k W h
REOTHARE DT 10%, #—F 54 2P, Bm At RN E MR L e — S0k 2 R
— M L B B R R R R @ AR SR I — SO e St

XK HwEAXGE; EHdk; RRARITE;, MHEAS, BRATHEZ

FESES: TU99  XEFRIREE: A XEHS: 1000 - 4602(2026)08 — 0008 — 08

Consistency of Rational Method and Kinematic Wave Method for Storm
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Abstract: The rational method and the kinematic wave method (as implemented in SWMM) are
widely used for runoff calculations worldwide. For stormwater runoff in small urban catchments, ensuring
consistency between two methods remains a key challenge. This study first presents a method for deriving
design storm hyetographs based on the rainfall intensity formula, and defines consistent approaches for
estimating time of concentration, runoff coefficient, equivalent rectangular catchment width, and slope. A
method for calculating runoff hydrographs using the rational method is then proposed. Validation using
field data and the catchment of idealized shape shows good agreement between the rational method and
the kinematic wave method, with peak flow deviations below 10%. Further analysis indicates that
consistency in design rainfall, time of concentration, and rainfall loss is a necessary condition for ensuring

computational consistency, while a small catchment area serves as a sufficient condition.

Keywords: rational method; kinematic wave method; storm hydrograph calculation; peak

EE&UR: BEREAFRITRITAE (2021YFC3200700); tRTREEEFEFEREKERFALFTEARZRZFHITLITE

(BPHR20220108)
BEEE: EX= E-mail: wangwenliang@bucea.edu.cn



www. cnww 1985. com

EXE,F EEAXES B ERRARITE — SRR

F4A2h FH8H

flow;  runoff hydrograph

E(BL /NG WS o WA N8 ] SR N L (R
038 5 1, 38 2l I 1 D) 2 R TR I KR S AR A
(SWMM) % FH Y 1b R 18 i 58 07 . BEE SWMM
Bz fd R, e R i AR T A A A — 3
Pk, BB AR R i R ) G B 1), 5 I, HEOK B 7
AR i A RS T B = B — bR, R A T HEK
ol ks A e 15 .

(i LN WS o 11 [ S0 o R 4 [V i N S
EA BT o — 0 o B B i R f R O
PEAT T S B UE AR R G A, E A 2k
TN AR A 1 CE SN K BT AR UE )
(GB 50014—2021) B4 2 3 /N 307 00 A o T
<2 km?, B3R N SR RS RLEA T . X 3R
e /N BURE b RS Uk SR vk LA ) 45
B M. BRI, 1 R PR i B 52 4 AN [R] 19 7K S0k
TV T B, WVATA S 56 B K SO S B0 B AR T
TR A — 3ok, AR /INGL I 0 TR L R R 45
il AT o 91 L P A R e B 22 Ak R 42 32 KR
Pk 2T [l & )

SR, AT K SCK 7 SE R RIS A R
LA XL 538 Sk b OB K SCS BN E T
B, IG5 G S IR FRE 2 T8 IR B2 AKX S 461 43 A
X WA 5 T B R — B AT PRAR  mT o 3R
BRI K SO R T RIS % |
1 ATREAIBREAXNETREARE

R B A A — I

i= % (1)
(t+b)

AH N EIRE , mm/min; N B, min;a.
b.n R SHL

AR DI e N R RN 32 p, M

at
Py 2

I sy R 58 1, B R X (2) % A ] 2 5K e«
[I:Q:a[t(l—n)+b] (3)

de (t+b5)""

RIS R P T 1 T . ol i R
Sk, WA I RE 200y ¢, B RN AT B SR T, AR W
H P, A R K

T':\u
\g T, a-nr, —>
£
:.
1
7
/ |
AP®t) '
1
h— Y .
0 Ar ! L, t T, t/min

=g
E1 B EL
Fig.1 Instantaneous rainfall intensity hydrograph
8 t, =1 L=t
W (3) iy ¢ 4351 - A rﬁ’éﬁ,ﬁﬂﬂ
A 2 W I R R 2 2 hn-RF R AL, B R

I
1+n

r

t, -1
[
r

a{t_t"(l —n)+b}
1-r

0<i<t,

t,<t<T,

DA R U R (4 IRE B2 (O < o < 2,) S 9], 6 i B B
Ac i) Z3T TR AP (¢), Hat5 A=Ak

AP (1) =rP - fpl,dt (5)
W S S B pY BT W R ] HE L I R ]
53
a(t, - 1)

P-———— 0<t<1,

[
! + b
a(l - tp)

[

K H 3 (6) nT 45 2 f BE R & 8 28 a0 2 i 5F
A,

R 40 O BEL T 7K 2R S8 R R 5 1 2% W AR T T334
) (DB11/T 969—2016) H A% 2 i 53 B A =X, v R H
TR X Pk AT I BT, S T R R
SR TR 5R - J7 B =40 R (1-D-F) " i 26, T k45

AP(t) = (6)

1, <t<T,




B4k BH8H

B oE 2 K HE K

www. cnww1985. com

AR DT Can 7,27, 3T, -+ ) P A9 i K- 249 B T e )
(aybyc, =)o K45 DRt R A ST 247 6 TR 5 )3 e LA
AR L 7 B, BV AT A5 2105 1 s P B i K 2 9 T A
(a*T,b+2T,c-3T,--) . BJG KI5 — D7 i 0 e FR 2
MY IR 2 T — D7 IR A B T o, B AT A5 31 DA T R e BB

[T G /mm

a-T

[L/(mm/min)
A

OHT

[[}'2T—(L'T

c*37-b-2T

TR | W B ARV DRl Y I B P o e
P A PP R R N B T T A, A
1 I T 4 i 2 D7 s CHES R AT S8 il i R
AR

SR X YL T B B R AR I 181 2 B

o8 T F ¥ e/ mm
Iy

—=>

2
4

-

. : > t/min -— /min
0 T 2T 3T t/min 2 3T %; t
45 D7 AR T e B A e e 1 e A [iE ey
B2 ZEBEXREMEIZITRE
Fig.2 Flow chart of alternating block method for rainfall hydrograph design
2 HEANXEHABAIEL - L.
2.1 XBKXSH ‘ .
4z N , . N St S 42 T, =18 - 151, 11
A Ut WA (i o A 3N X Y OB S B AR T ° :
R AR I DK T) LY V.= K.JS, (12)
01670id = 0.1670A a 7 K. =0.305(241, + 12) (13)
= U. 1A = U. N N 42 N8 L N YE Y, ./
¢ = 0167 ey Rt L W BRI mi L, I

Kb Q, WA IE(E T, mYs; A LK TR,
hm?,

A5 e B FEAR I 2R B B L ] R A
AR R L TR R R 52 0
23 o A B 5] T i SR AR, (R FRAR T R B TR A
i EE TR 25 HERmEh .

¢=(1-D,P)I,+(1-D,/P-FIP)(1-1,)
(8)

AP AR I 2 h Ty B3 T B RN &
mm; D D, 535 A 35 7K T R K T
mm; [, A ANBEKER L, BO0~1; F 2 h A
7 R HEWABEATE mm,

LEOK B [B) T, 46 728 9 SR K IX. I Jiff e 32 3 9 22
K e s a] BPAR K X 7K T 7= A A 37 1 B
DO A R T3 N ] S = 0 = /N W I S B L L /N W |
2L /N W S E 1V B N2 /N W i = R

L=1L, +1L, (9)

BE 3T X ) — <91, 4 m; L, R b R PR K,
m; T, R AEK ISR, min; T, Ay b 78 3 I (], B 3~18
min; V, Ry TP, m/ss K, ik R, I
3. 66~10. 98 m/s; S, NI FRLE P ILE
2.2 FERUBKXITERE

RN LT (A U i ) AR S B Oy g A
K TR A i e TR T B AR 2 W i B A =K, SR A
I N e KO Y R R . RO IR AR
i T, B3 RN R B2 I 25 20 A0 181 50 o B AR T iR AR A
HERRA S, RIAT 545 3] 4 I B U A5 14 N A I8EE

X F B () 43 A AN B S e TR RN, PR AR
Tt R T B LUK 0] 204K, FE (1]
W B W B R B T R R o AR IR AE
AN TR By 2] (49 3 1 e AR A HE A =X, DT 3R A5
X ) 220 (R B T e, B A4S B AR T A R Lk . A
IR %5 5 SWMM 25 A [a] A5 15 Al 145 4%
BB —8, BAHE AT

<10 -



www. cnww 1985. com

EXE,F EEAXES B ERRARITE — SRR

F4A2h FH8H

1 T
CATMZOAP(z) 0<T<T.
1 T-T,
Q(T) = CA— SAP(t) T.<T<T,
c =T

@—Ti“kaT>n

(14)
K :Q(T)H T ZIM AR T, m'/s; C AR
B T HBFTE], min,
K FHAE B AL TH B AR i o R BOR B A 3
JIN o

g Uk R R g e

= ] rHREREE
I(T)

= m
o

T-T Ay \;t/‘
gkt | T, (K e i) t/min

—]—

TR AL KT
a. HE T A X Pk BT R Rk TR AR Vi P

A

Q/(m/s)

»
P

t/min

b A8 R R B
B3 XAKEANXNFTEERIEL TR
Fig.3 Schematic of runoff hydrograph calculation using

rational method
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