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Abstract

To calculate ground net rainfall runoff, unit hydrograph method is one of the common methods for flood
simulation and prediction. Taking Fengle River basin as a study case, 30 floods were selected based on
data of its rainfall, flow and evaporation from 1984 to 2013. The Xinanjiang model was used to calculate
the runoff and the separate water sources. Considering surface runoff and interflow as the direct runoff,
unit hydrograph and the linear reservoir methods were adopted to simulate the confluence process of
the direct runoff and underground runoff respectively. Then flood forecasting model for Fengle River
basin was established. With the goal of minimizing the average absolute error between the calculated
runoff depths with Xinanjiang model and the observed runoff depths of 14 floods as calibrated samples,
the genetic algorithm was adopted to calibrate the parameters of Xinanjiang model. The unit hydrograph
of flood confluence of direct runoff was quantified by the method based on the combination of analytical
and trial and error approaches. Then 30 floods were simulated with the unit hydrograph acquired through
flood data of No. 980915. According to the results, the average relative error of the runoff depth, the er-
ror of average flood peak and the peak time of 14 calibrated floods are 7%, 8% and 2.57 h respectively,
with the qualification rate are 93%, 93% and 86% respectively, and the average deterministic coefficient
is 0.91. The error of the runoff depth, flood peak and the peak time of the 16 validated floods are 8%, 9%
and 3.38 h respectively, with the qualification rate are 88%, 94% and 88% respectively, and the average
deterministic coefficient is 0.89. Practical applications of the flood forecasting for Fengle River water-
shed show that, the model based on the Xinanjiang model and the unit hydrograph can be used to fore-
cast the flood occurred within the watershed, and reaches to a high accuracy. However, the accuracy of
concentration calculation of small floods with the unit hydrograph acquired through big flood data usually
is lower than those big floods, and vice versa. So unit hydrograph should be calibrated with different
rainfall intensities, then using different unit hydrograph to forecast flood processes according to their
corresponding precipitation amounts.
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R, 8145 R EBKNARRIETFHIHETIRENT % FHRIERENBY%. FHEIIREN2.57h, EHKER,
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2.1 REBEHREHHE

- DEM HE[10] CRIE T B 38 K25 2 (NASA) A 55 356 B 200 22 5 (NIMA)IEE A1 & 1) SRTMO0m 73 %
KRG RS, T#Ehbk: http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp), “KH ArcGI1S10.0 #f4-7K 3¢
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RV R Z s/ MO E bR, SR B BE S e A S5 [13]:
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ZIRTROI B R P23, mms U CAEEHRSL, U = FI(3.6A0(F NRIRIER, km2 At JEM2R B, h): n At
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3. BIFsEHI
3.1. FiER
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Figure 1. Location map of Taoxi Watershed and rainfall stations
F 1 #hRuiEsiR S S mEn i E R
Table 1. Area weight of rainfall station
1l BWEBWNE
w4 R TR BE TR PSCCIE: Y AR LiFE BRIZ
IR E 0.060 0.124 0.237 0.175 0.137 0.216 0.051
Table 2. The results of the parameters of the Xin’an river model
2 RIRBSHEEERE
ZHAATR ZHE L ZHUE ZHAATR SR ZHUE
K HHORITH R 0.96 Ivp ANE K HIAA L A1 0.01
b T B 7K A = AT i 2R Fa L 0.38 Ex it B K 2 B A AT I 2R Fa 13
c RIEBUR R 0.19 Swm H /K2 /mm 19
Wi ik 17K B imm 105 Ke R K H i R 0.207
Wum LRk K EE/mm 17.8 Ki Herh i H R A% 0.404
Wim TE KSR Heimm 67.2 Co Hb K IR R 0.97
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K R IS BEBCUR D (U 2 ANRFEY) . BT R R (12 h BERT RAE) 90.1 mm) (W] 2), Ml B AHER IR IR E
B BT 2R MBI IR o« FEFIF 2 30(4) RAGHI 46 20 560 AT ZE AL BRI, V(B HH AR SR 5 AN BE, T AEE 6 4
BRI TR S E(ILE 3), BARE SRR R ZRIE AL 90 FEAR 40 AT 28 1R K BE T3l g

IEARAE S B AL ZR AR ARAEL(FETE T 225 1) B AL 2 A 0 AT A AR K 2R3k 115

1 TEAR 5 5 A A A AS AT B8y 770, 51‘@@5:%:699 WMERZ, FHRE)EE. BikEyE

1EJ AL B Zx 980915 Wit /K BEATIL VA, 15 Hoafh e 1 R ¥k 0.97.

KB IE J5 BB 2606 BT A R e KA TIC T 5, 45 R 14 38K A~ F 38 af e 1tk 2408 0.80, s N
0.95, AKH 0.23. A 4 IR EVE R BN T 0.85, HALDAN S py v &g A2 an il 3 Frw.

Vel 3 T K BT SR B R TR K I BeS R TSR R . 4 3 B W R R K AN ST 38 /K B BE 3/ T 980915
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HESR 1) 2056 B A 2 7E T 55 B R R B R 9 B /N KT IR T, 2 S BT (R 42 AT, sk, R DALZER A
SPGB ANT 28 T T 0 7K R A N B 55 AR 6T A /N PR it K P S 3B /K I BB S0 e (i K OIS 0 o B M R o A
RITZR: 1) 1 SRR ET RTAEK, H 1 i@ Ps B, TXrEm fa 2 A AL o %, 2) {EH 2
SRAN R BRI 22 50 BN 28 53 ST B E A () 2 7 B R e R e P T B PR Rk KR /Nt K

J7%(1): K (6) B IE 5 BRI LBk K B B AR ELIE 98/, AR R0 43 43 3 21 1R /K B B AR AR AE L,
ARS8 FE AT 30 e R R MO . R TR 5 i B 2B, 11 Sy sE ot 15 H-F g e It R 8 0.80
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Figure 2. Simulation and observed flood process of No. 980915
2. 485 980915 Itk it EE
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Table 3. Calculation results of initial of unit hydrograph

3 RWBNEYETESR

A Y i GR/10 R S
(At) AR EERS AR(E) Ri (mm) 141 201 (m3fs) (m%fs)
1 0 0 0 141 0.0 0.0 0.0
2 28 28 25 20.1 35.3 0.0 35.3 38.9
3 86 86 78 109.5 50.3 159.8 141.0
4 99 99 90 126.8 156.1 282.9 271.0
5 105 105 95 134.3 180.7 315.0 304.0
6 73 96 87 122.9 191.4 314.3 284.0
7 93 76 69 97.3 175.2 272.4 240.0
8 5 60 54 76.8 138.7 215.5 192.0
9 144 48 44 62.0 109.5 1715 154.0
10 -171 39 36 50.4 88.4 138.8 118.0
11 427 33 30 41.7 71.8 1135 83.6
12 —795 26 24 33.2 59.4 92.5 63.8
13 1653 21 19 26.3 47.3 73.6 55.0
14 —3275 16 15 20.8 37.5 58.3 48.7
15 6620 13 11 16.1 29.7 45.8 38.0
16 —13276 9 8 11.6 22.9 345 30.7
17 26710 7 6 8.4 16.6 25.0 26.0
18 —53664 4 4 5.2 11.9 17.2 24.0
19 107886 3 3 3.8 7.5 11.3 22.0
20 —216833 2 2 2.6 55 8.0 17.7
21 435852 1 1 13 3.6 49 7.0
22 18 18 3.0

> 291768 770 699

Table 4. Comparison form of comparison for different unit hydrograph

4 TPRIBZLAELEER

BB AL 90 EARHfIZ BIEFHRAILK MR RAL MBI 90 4EMREfIZk BIEEEAIL TS BT 2

(At) (m¥fs) (m¥/s) (m¥/s) (At) (m%fs) (m¥/s) (m¥/s)
1 0 0 0 12 33 24 30
2 6 25 13 13 26 19 25
3 21 78 39 14 21 15 19
4 54 90 79 15 16 11 16
5 86 95 95 16 13 8 13
6 94 87 86 17 9 6 9
7 87 69 74 18 7 4 6
8 72 54 62 19 4 3 4
9 60 44 50 20 2 2 2

10 48 36 42 21 1 1 1
11 39 30 35 > 699 699 699

e RPBIEE AR N 6) THE R ALk TR B Ly R 2 8 Y AR TR A 0 B 2k
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Table 5. Accuracy assessment test of calibrated floods of Fengle River basin

72 5. FRARBBKIREE R KBEITFER

BE K% iﬂﬁ/ﬁ ﬁ(;ijiiﬁ fc(wi:n%)% vy ?&(ﬂ%ﬁ iJr(%S?/,isé)ﬂI% ﬁ(ﬁai/%)% Ty ﬂéfy&w)%% &t R
1 840606 20.6 20.5 41 J 145.0 144.0 29.0 J 0 v 099
2 840612 67.7 64.6 135 J 539.0 487.0 107.8 J 0 v 094
3 870525 215 215 43 \ 159.0 157.0 31.8 S 0 N 099
4 930917 61.6 61.8 12.3 \ 374.0 378.0 74.8 v 0 N 099
5 980816 18.9 22.7 38 3 187.0 179.0 37.4 V 0 v 090
6 980915 29.9 31.2 6.0 V 301.0 314.0 60.2 y 6 v 090
7 000905 9.9 10.4 3.0 V 105.0 101.0 21.0 y 0 No097
8 020623 62.3 69.4 12.5 S 353.0 389.0 70.6 y 0 No078
9 050829 130.3 131.1 20.0 v 687.0 711.0 137.4 v 0 N 096
10 070827 18.6 226 3.7 x 128.0 180.0 25.6 x 12 x 071
11 070708 43.3 45.7 8.7 v 314.0 370.0 62.8 v 6 N 088
12 090628 69.2 68.9 13.8 v 453.0 458.0 90.6 v 0 N 086
13 120626 14.4 17.3 3.0 y 94.0 102.0 18.8 y 0 \No097
14 130525 9.6 10.7 3.0 y 72.0 78.0 14.4 y 12 x 089

H: EILAVFRZEAN At (6h) .
Table 6. Accuracy assessment test of validated floods of Fengle River basin
72 6. FERAREHKTIREI HKIEEITEER

FE Bk iﬁﬁ/ﬁ ﬁiﬁiﬁ fc(w::i% otk ?&(ﬂ%ﬁ ii%;?/i&)m% fc(ﬁ%% -~ ﬂéiy(lhw)%% o R
1 840830 129.0 119.0 20.0 J 746.0 857.0 149.2 J 6 Vo084
2 850912 21.8 19.7 4.4 \ 153.0 146.0 30.6 v 0 N 094
3 860715 97.9 103.6 19.6 J 440.0 414.0 88.0 d 0 v 099
4 870701 121.8 127.9 20.0 J 521.0 538.0 104.2 d 0 v 098
5 870820 77.0 80.4 15.4 J 303.0 264.0 60.6 V 12 x 069
6 880518 23.4 22.2 47 N 203.0 167.0 40.6 v 6 N075
7 890804 64.1 58.4 12.8 v 474.0 409.0 94.8 v 0 N 099
8 900701 30.0 29.4 6.0 y 265.0 247.0 53.0 y 0 o089
9 910415 35.8 41.2 7.2 y 356.0 352.0 71.2 S 0 N 090
10 930628 67.6 67.4 135 v 557.0 589.0 111.4 v 6 N 087
11 940606 437 53.4 8.7 x 351.0 357.0 70.2 y 0 o092
12 960602 332 35.4 6.6 y 269.0 203.0 53.8 x 12 x 074
13 990621 37.7 413 75 y 325.0 327.0 65.0 y 0 N 098
14 020505 21.7 223 43 y 196.0 182.0 39.2 y 0 \No098
15 100902 134.6 137.0 20.0 y 673.0 776.0 134.6 \ 6 N 090
16 130705 60.4 735 12.1 x 364.0 411.0 72.8 J 6 v 085

218



T 2250 BT A 1) S SRR K T

480 - -
0206234 e 500 0707087
400
~ 320
E 240
S
160
80 -
0 :
0 5 0 15 20
s BEEL/(AF)
200 1 0708274
P
I LY
160 ooy
{ \
~ ] 5 s ~4004 /SN - TR
T 120 [ N Ay, o e
“ ! PN TIRE=E “ %YMY)IEE
\é L — S \é 300 1
S '|' Q
; 200 -
[
[}
s ~ 100 -
0 . : : : - . 0 : ‘ : el .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
i Bt/(Ar) I BHU(Ar)

Figure 3. Simulation and observed process of floods with determination coefficient less than 0.85

[ 3. HEMRBAE 0.85 AHKIHRIRIILER

77 %8(2): 130525 31k K I R 7K SR B B K R 43 53l Dy 50.2 mm Al 2.1 mm/h, Dt K REAR R R ML, B
ZI PR KA /N K IARER, HESRIZIA K I 50 5T 28 980915 353t 7K i B8 /K 2 N~ 35) B4 7K Bk 4 i)
749 90.1 mm #1 7.5 mm/h,  LLiZIg R R K AR A RE K ARER . #ESK 1K) 980915 171 130525 47774k /K () 40 56 FAor 2k
s 4 FroR, UBEREAF PR RO, TRV R, IR AR AT, LRSI, S04
DR EIR s T 2 P I R B N R R AN, SRR N, WP AR R S, R E RN, &5
FAALER N IEREIR o

5f FHY 2 7K 2 R 8 K B 5 K1) 980915 3793k /K HHE SR (14 8 365 A7 28 %o B /K 2 N B /K it 52 340 5 /1N 119 000905 3%
PR (BEKEA 40.9 mm. “FHIBEKSREE N 1.4 mm/h)iEATVCiH 5, B EEMXR 2N 10%, IR 2N
6.0h, fffiE 1 R HCH 0.89; i {8 FH B 7K B 0 [ 7K 3 B2 140250 /N 1) 130525 37773k 7K HE SR I 28 565 B A 2 % 1% 3% 18k /K ik
AFICIE S, AR X R 22 . W IR 22 O 8 P R B 1%, 0.0 h 1 0.94. [RIEE, ff FH Pk = ANP%E
IR R FERL /N 130525 3773k /K A R (1 28 56 B A7 288 6 4 7K 2 R B /K B B2 S8 K I 980816 373tk (MK iy 70.6
mm. P33 BEIK R EE Y 4.0 mm/h) AT IE R THE, 15 R IE AN R 22 7%, ISR 20N 6.0 h, e M R Eh 0.82;
T {58 ) 58 7K 6 58 K 5 FBE 3402 DK 1) 9809115 37378k /K SR 1) 28 B B R X iZ 3 Wb K - ATV T 5, 159 Lk e A 5
W, WEILARZE N E T 2B 1%, 0.0 h A1 0.95. AT L, FEfd FHZ 0 807 28 SRy, AT
Fof T 2 R B K B B AN R] S SR AR N T b K AT /N K 1 B 22 26 236 B 28 7 AT IE R T 3, DASR i T

WAL
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Figure 4. Comparison chart of unit hydrograph obtained based on two different
rainfall intensity floods
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