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Development of a stochastic runoff model considering spatial variability of rainfall

ZHOU Yan, LIANG Zhongmin ~ , HUANG Yixin, LI Dayang & LI Binquan
( College of Hydrology and Water Resources, Hohai University, Nanjing 210098, P.R.China)

Abstract: Two negative exponential difference functions were introduced to estimate the probability distribution of rainfall for de-
scribing the spatial variability of rainfall over the basin. Then calculation formula of probability distribution of total runoff was con-
ducted by a vertically-mixed runoff yield model. The joint distribution of rainfall and infiltration capability was deduced to calculate
surface runoff according to the infiltration excess mechanism. Furthermore, the groundwater runoff was estimated with mean value of
infiltration according to the saturation excess mechanism to improve the practicability. Thus, the probability distribution function of
total runoff could be deduced. In the flow concentration calculation, the basin was generalized to a linear reservoir, and the proba-
bility function of discharge at any time interval could be obtained according to the stochastic differential equation theory. Therefore ,
a complete stochastic runoff model was developed. As an example, this model was applied to flood simulation in the Huangnizhuang
Basin locating at a tributary of Huaihe River. Results showed that the model could provide the probabilistic flood forecasts for the
risk analysis of flood control. Meanwhile, the deterministic result (i.e., the mathematical expectation of discharge probability distri-
bution function) had a high forecast accuracy.
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flood risk analysis

Wee R g it 3K SRS A i ol ) g A5 L 2 — , LS 1) AR A 2926 K SC AR RS B2 (B — s 00, I
A i RS R L3 A AN 18D b 45 O £ 5 Ao o B A SR AP — iR 2 DRt A A
Wik T 2 ) 3 A A 249 S Pk AR R K SCTIUAORG JEE 1 B B a2

ek 25 1E) O3 A AN S5 S PR RO R A PRI A, B 1 R A 2 T o O R 23 Ay S /INB) B (R
I6) , AR TR L A R 2] A 6 (RS R BT AN TR] 9, LI S R g 3 9 A ) 2 TR AN 3 20 1
24 BT AT LR AL T 000 3t SR 23 P 8 0 1A 3 T A L 4B 2 Rk AR R RG34y
A BRIASCA 3R 2R R E 111 2 ) A 4 Waerilow 45 J88 0 39 1 e R 0t T LA 570 5000 ABE 3 35 13 R 50

«  FEZESHE R H (2016 YFC0402706, 2016 YFC0402709 ) Fl [E 52 [ SA B2 3 4 Wi H (41730750 ) 1% 4 %8 Bl
2017-10-02 Yk ;2017-12-20 WiE sk, JHH (1995 ~) , %, - #F582E ; E-mail ; yanzhouhhu@ foxmail.com.
wx  IMAEVEE ; E-mail: zmliang@ hhu.edu.cn.



B A ST A AL RO I R AR A 1451

T, LA Sz W3 FRT 110 245 (1) A8 AR AR, R 6708 08 R KSR A0 P TR B TR R A /N AR A AT R B M R, T
BRI W T DU A 8/ IN PO RE 6. Rawo 265 SR P9 W £ 10 £ 34350 3 A R B30 3 A O 190 45 ) 430 , 7 1 S
AR T AL R A T3 T B R TSR SRR ST GO B R T R T M R
PRIEIC, o ik S o P AT — TS B, SRS I BE R A e L vh e DU, A Rl A T —Fh e it
VAR 5 {H% 7 AL P Gamma 73 Afi b6 8, I BLAE B — T H R BEAEA T e GE TR A i , 3 17330
S, 5350, RBEREAT T, oA gk ol ™ O ek D AL AR f 21 AR T3 e R

SR, AR ST LT G 15 BB o B2 24 T 1A M 5 T8 o R, 1438 — 7 W W v A — B ) B e e
TSR] S B , IF4S A S — R I A 1R 5 PR A 5 £ AL ™ I ik B MR 3R A R K PR U
— AR ST RO L R SRAT— e B 0B i O B (O G A, M T — A
S8R IR AR,

1 BER=ES MR

1.1 AR

Xt — R PR AR — TSI B A, AR RN AR — iR A A Bt (B A R e B ALY, B0 7 25 i) 23
HATARI IVERUARTRENE. IR, T LLSR PR A ABE 3 45 T R 58 5% a5 A6 W 1) 2 1) 0 A7 175 20 5 A [ B
B, 3 A~ R BRI 30T LIRS, (EX R B S HOR R ARSCG LA 3R 4 2 R A

P

fP) = c(e™ =e™) (1)
S PR TE— 8 BT () 5, oy ¢ R € = 1/ Cmy = my) oy, 8909 IECEL m, >,
12 SHfhit
R (1) , W 03 BRI

P P

F(P) =cemy+e™ —com-e™ )
E(P) =m, +m, (3)

B EAR(2) ,HESE m,, 15
F(PY = comy - e = c[E(P) —m] e 7 )

R R A n AT WSS — Ac 59 n ANFEFTRAEA, E(P,) AT LUR AR B9 2 (EAG T, W23 A
BRELF(P,) AR E my— 5 L, AT LR DK SO R B LIS 2 Al TS 8 m (5. SEBRI I, i
TR H D (n BN T LG Jscla) 73 AR 22548 0, ARG n A LI R, 22 1ot LA 2 (A A 5
ST EPRGE) JAAE, A5 B EE A RS T EE, LI S8 RAR R SO REAR A TIE LAl T my  BEMIRHE] m, [ ¢ BOMH.

2 FEHL =R EY

A4 R AGT1) B T S 243 A PR R SR SO AR & 1A T 0 3= o T B, A5 30 7 R A Sy
A7, AUEA IR F= 0 1 43 T A Ak AR I8 R FH 3 [ TR A R P AR B A T3, B SR FH AR 8 P i sk 47 3%
PRI, AR IR 5 I B8 (A 43 A HE SR b 3 7 B 1 A (] 40 A 5 SR F S T R AR S A T b
I DL P i A G B2 R ESR T B | S KA RIK A 0 R AR & 2k, 1 HX KR 5 il L
BEWAT G LR, H I, A UBIESE it T DA R A AR T T A A B R4 S L0 A e 8, T A LA
BT (BE(E) . A= N M R AR 5 i DL R AR 2 A0, B T R AR 2 A A e OB R FoR
B, BT LA 7 I et A A RO SR
2.1 hRERITE

SRS P A SO S - R AR . AT — TS B A S A A 2R A | it Ko i 3 K
BERNZAR, SBOFBRENAEZRE. Hik, 5IA T B " iR T h i 1281k .

Fwa=1—p-£ﬂw (5)

||||||

F, = (1+BF)F, (6)

|||||



1452 J. Lake Sci.(#:8#2),2018,30(5)

BV RRREL
X (S) SR PAFEN T 5 BE T B 5 2 R AL

fF) = BF(l—i) 7

F

mm \ L mm

XE— At HFISE PR T RBRES) F, I A R A8 0, B .

P,~F, P, >F,
RS, = { (8)
0 P, <F,
AR BRI A 2 RE 1 BI565 L3 0 A HHR 2 ™ i B A9 e T A T X
F(RS) = [[fCF.,P) dF, - dP, (9)
S, FORS) M7 =Rk 0B 50 OF, P = IEhEHUE R (F, , P,) M A R3S AL
TR M 1 5N B BE A B ST, 3k — A5 B3 SRSk T A5 3R ™ Ui 14 70 A3 PR
) I L (10)
Hr h
r=(m, e’ -m eL)fom(l— 1') dF,
. . % ) i BF-1 )
r, = J’O (m; +e™) (1 me) dF, (11)
r, = J’Fw(m2 e l) (l _F]'? ) ) dF

A P B — Av PN B /NI (mm) 5 rory oy J2 5 RS JERHY R, 2 i B E R SR A
F=(10) AT SR 73 A ) (e 7 2% -
¢+ BF Lo Lo c- BF[ L. Lo

E(RS) = P (ryre™ —r rem) + 7 cm(l—e™) —remy(l-e")] (12)
D(RS) = E(RS®) - [E(RS)]* (13)
Hrfr,
pP(r ce - r -e’%) +2P (1, +m e em -e’%)
.BF max 2 1 max 2 2 1 1
E(RS®) = ¢ { . . } (14)
w420, my (e = 1) =y em (e = 1) ]
HH, P M — Av FIR P B K & (mm) .

SREF RIS, BIEAFE N8R E(1) = E(P) - E(RS) .
22 WHEMTRRITE
S HRE P W TR T DA P . SR e A A 5 K A B AR A 4 RAE - 4 B

JK B ) ZS [8) 4347 -
W/ B
=1-(1-
{a ( Wm...) (15)

W.=(1+B) W,
A, WO R RS B KA (mm) 5 W, SR TR e R B KA (mm) 5o 7 S T AR W, O TIP3 e R
KA (mm) 5 B & KA AL E 2R A 45 5
HuTE DA N AR RR THEAZR




B A ST A AL RO I R AR A 1453

0 E(I) <0
A+E(Dy\ '
RR = mn-wﬁnm+ww1——w—ﬁ E(I) >O0HE( +A< W, (16)
E() - W, +W, E() >0HE() +A=W,,

SRR A F AR (mm) 5 ECT) 0P T (mm) 54 000 4 - 502 K Bt W, %
AR

ARUCHISE 1A T D FA 0, BT AT 0 s BT I A2, Sl 3y 0o g B T 00, 149
e MK P K A B 0 AT,

3 BEHLICim R

BT B TTAE ALy — S TESR AR 9 2 M K T 7K T 1 A T 2 RO i 3R T 1) S 3 A, B ST K & T
i 75 R SR & AR, RTAS B SR I R Ge R R
QT(1) - QC(¢) =
W(t) =K, - QC(t)
2, QT (1) FoRBEHLA SR, VAT A =i (m?/s) 5 QC (1) RoRBEHL T LR (m/s) s W (1) Fil5a
BAICRE K (m®) s K MR KRB R E(h).
e B BEALAGE QT (¢) AT LANE AR B A% 5 — A~ e 307 11 M s T 38 4 () A A it

dW(t)
de (17)

OT(1) = QT(1) +w(1) (18)
At QT HHBLARGERII (1) = o i bt B(0) Bt e

B RASR(17) MC18) AR R A) Jr Fe
dQC(t) = KL'[QT(t) -QC(t)] dt +KildB(t) (19)
BB R R (19) BEATRAF 8
BLOCG+ 40 1 = (1= A1) FLOC(O] + ELQT()] &1
| ’ (20)

1 ? 1
DIOCG + 40 1 = (1= M) DIQE(NT + 5DIQT(0] A7

LR (20) BT A0 B I R (8 5 0 2 , BT 50 1 7 R L2 0 7 S
B M C 9 R R A
4 Byt U 25 17

I B K SC MU 3 R, 2677 J TS8R Bt 2 it Q. O

R = PCOC( = Q) = [ "foe)dgc (21)

el FQC) Hyfhih IR RO BE A7 B
5 LI
5.1 FEAIER

AT S BT VOB BT % XSS 9. LT 805 ks 545 7 B At
1077 mam L5 501 ARSI T 69 11, i 24 Wik Bt S0% ~80% ¢ JB T AR K 2% K., B
TP SRR RS SR 0 B W LA BESRBE A0 A0, 0k JER RS A A LI 1
5.2 A

OB 53y 1010 3 100 - FIHE , 57 FIEE 5 J7 5005 i JEIREIE 0 10 /4 Bk o 0L A




1454 J. Lake Sci.(#:a#3) ,2018,30(5)

115:’20’ 115:’30‘ 115:’40' 115‘:50’

b g gy

31°30'

P

31°20'

I . R
r K3
— KR
DEM{i/m
~High : 1498

31°10' 0 12 km -Low : 133

P 1 9 el B HC R At AT

Fig.1 Geographical position and rain gauging network of Huangnizhuang Basin
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Tab.1 Calibrated parameter values of the model

A2 ZHFS E0-9'4 ZHURE
1 KC WA TR R AL 1.49
2 FO ¥ItH T B3, mm/h 11.54
3 FC faE F B, mm/h 4.22
4 k WA P B+ AR S5 h 0.251
5 BF AR N B Ee ) A 2T Ik 0.1
6 B MK IR BRI K 0.2
7 wm AR5k FKE KA, mm 151
8 KI i MRS d 0.11
9 KG R K R RS d 0.13
10 cl PR INIE 280, d 0.95
11 cG R KR 25, d 0.74
12 K, LMK ER B BT h 10
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TAXT IR ZELEXE 20 11.8% , HorpiR/ Ny 1.6% , fe KRy 31.5% . S5 SR R, 1% U7 B e HE s A 1



B A ST A AL RO I R AR A 1455

BAFRIRLHICR. 2 25 7 56 Uk 30 4 37 94t o A R B 3 B30 5 S0 3 i B X B A R i 18T 3 S T
19950624 Ytk 20050902 YRk e 4 AN Be K45 A R A B i R 4 25 (] e o0 A Al 25 28

& 2 BT ARG

Tab.2 Calibration and validation results of the model

e SR/ PEERERAANEE et MR W

- (m*/s) (m*/s) RZE/ % TRZE/ % EX44

KREM 19830625 1350 1100 -18.5 8.5 0.91
19880809 447 413 -7.6 31.5 0.71

19880826 933 767 -17.8 11.0 0.76

19900701 315 304 -3.5 25.8 0.73

19930920 614 578 -59 17.2 0.71

19950624 833 646 -22.4 -4.3 0.84

19950708 375 425 13.3 -7.6 0.85

20020623 586 585 -0.2 3.1 0.88

20040813 521 509 -2.3 -1.6 0.79

20050902 986 843 -14.5 -12.9 0.92

20060722 384 335 -12.8 4.8 0.73

20080816 705 640 -9.2 -7.8 0.78

AN ] 19870501 651 527 -19.0 -5.3 0.92
19890510 460 459 -0.2 21.1 0.92

20040718 669 534 -20.2 -5.6 0.77

20050710 587 664 13.1 20.3 0.85
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Fig.2 Comparison between simulated and observed flow for flood event ( No0.19890510 (a) and No.20050710 (b))
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Fig.3 Estimation results of statistical distribution of rainfall for flood event: (a)No.19950624 at the fourth time;
(b) No.19950624 at the rainfall peak time; (¢) No.20050902 at the fourth time;

(d) No.20050902 at the rainfall peak time
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Fig.5 Schematic diagram of flood risk
analysis for flood event(No.19830625)
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