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Abstract; Due to the spatial topographic heterogeneity in semi-humid and semi-arid regions, hydrological simulation is always a
difficult problem as saturation-excess runoff and infiltration-excess runoff is coexisting during a storm. Most existing hydrological
models cannot be customized to simulate flood processes of different areas because of their fixed structures and modes. This study
developed a spatial combination model ( SCMs) by combining the Xin’anjiang model ( XAJ), Xin’anjiang-Green-Ampt model
(XAJG) and Green-Ampt model (GA) for simulating runoff in the sub-watersheds where either saturation-excess or infiltration-ex-
cess runoff mechanism dominates. Curve number-topographic index method was used for dividing a watershed into infiltration-excess
dominated and saturation-excess dominated sub-watersheds. The proposed models were tested for two selected watersheds: Dongwan
watershed in semi-humid area and Zhidan watershed in semi-arid area. The results showed that the parameters of the Dongwan wa-
tershed are dominated by hydrological models, while the parameters of the Zhidan watershed are greatly influenced by the dominant
runoff mechanism. The simulation results of the partial saturation-excess models are better than those of partial infiltration-excess

models in Dongwan watershed. SCM2 model ( combination model of XAJ and XAJG) simulated has the best performance (runoff
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depth error Re =75% and flood peak error Qe =75% ) , just as the SCM5 model ( combination model of GA and XAJG) in Zhidan
watershed (Re =53.3% and Qe =53.3% ). In semi-arid and semi-humid watersheds, driven by topography and soil data, the SC-
Ms have a more realistic model structure and parameterization with higher simulation accuracy and stability.

Keywords : Semi-humid and semi-arid watersheds; rainfall-runoff model; sub-watershed classification; spatial combination model
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Fig.2 Components of the spatial combination models
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I AR R KRN, BEAh, 24 SCM LRI H il A GA RS, K (2RI T (A 20 mm/h FREZE 3
mm/h) , AT LLE Y, S8 K AE GA B rf /UK.

TEBEFHRIER, H A Sk SR K BUETE 1~3 mm/h 2 0] B R FIE 72 0 L) 38 I, K {8 52 30 i s 1
TR SARE R, SR S5 K BUE SRR e H 22N, I S50 K 78 38 s i
LN
3.2.2 FEUER S T AT WIS AR ST 8 SR A0 R e T R I, K AR A R AR N T A
WA B R LN K BERBE S  IROKGE EE D BEAREE 1 RS, N T FE i R SO R
FEPE, BE AN BURS B IUE, IR R S 4R A W3R8 S AP SE 1 3R o AN BUR S B U

1) I O R B K T AR W R 8 K AR 200, i 2 AL 5B K R BIRE R P, i
PR S BV i R, T PR A . AR AL+ K +K = 0.8. A FHARBEES: K, +K, =0.85 b~
Rl K B (i ke — 2,

2) PR R C, S5 N AR TR REL C MIUE S TR ) SR B R T A B SR K
BEKBET IR KRR LA /INE PRI T 38 0 P gt R AR L A T 3R R B IR K.

£ LTI, SCMs AR 7 2R V8 3 35 119 2 U v HL 3 Sk SO e 5 . il an , Sy E i R I S48 Cs |
K, & W 7= 0 B, Cox b e 2 mi B Gt | 248878 7= L BRI, KXok e 52 g A 4.
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RIZEAAG T 25 5 AH7EASE R S 850U B 350y T 45— B0, DA FE T 38K SGE R = S F= LT, S8R T
Z IR TR
3.3 WERIZE RS
330 BA R F AT ERE R, SCM2 BRI IRT 3 Fl G5 38 bR 1 S AN B0 I AT R B 1, AL 4
HREAF (3£ 3) . SCM2 ALY De 7534 WIS TR 43 51 8 0.74 F10.28, 5 SCM1 BRI FI SCM3 A5 U AH 25K
K. VB[] 5 4 S AL B 5 ) A, Al 35 Wl A RSP 1138 22 /18 (91.6% Fl1 50% ), i 15 BB AL IR 22 L R
(83.3% 1 25% ). SCM6 FETU [ 4 APEAFa AR 7E 2828 0 90 UE S99 #0852 S5 0K 14, A5 0] 2 A4 TO0 0t e s, ASS41 36
B ARIEIE Sa TTH, RIS AR & ik 3 82.2% | FEAKHL BT A KL, ISR B kLS
TR R4 B8 72 U B SCM6 AS TN L v AfA AL 35 1 5 05 7 D L ) X K T2 O B AS W) e ).
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Tab.3 Evaluation statistics for six SCMs models in Dongwan watershed

i RN
i
Re/% Qe/% Te/% De Re/% Qe/% Te/% De

SCM1 66.7 66.7 91.6 0.74 50 50 50 0.29
SCM2 75.0 75.0 91.6 0.74 75 75 50 0.28
SCM3 66.7 58.3 91.6 0.76 50 50 50 0.31
SCM4 58.3 58.3 83.3 0.35 25 50 25 0.05
SCM5 41.6 41.6 83.3 0.13 25 25 25 0.01
SCM6 41.6 33.3 83.3 -0.01 25 25 25 -1.93

EBFHREL, T8I 35 2 0 LR B RO, I ROK AR ) 25, 5 K A BB TR, I T 3R VA AR
B B G BN, BT 22 55 R BB BETE (T K b A R DR s b T DU SRR T 7
KA AR 0 PR 0 AR YRR o, BRI A 155 150 - SCMs BB (B ADL 45 SR 4 22 | I 5 A% 3R Qe 11
BITRABAE R Re ARG, [H B 25 AR 80 1898 LA 4 3850, (i 8 2 AR 280 ( SCMS 1 SCM6 ) A 4DUKS 15 75 i 412 5.
1EFEW], SCMS AT SCM6 #IM ) Qe Fl Re YJi#EIT 46.6% (HAERAEN] 5 A BbK FH 44 B A = A48
B 4) . RBSHRR A B KD R R BERKR BE TS AY , A TR A HE K S R Bk B T MK BRI A R 22 R
MEFL 8 SR AR TR LA (B AR 22 B0 R . I, 7R B ABL K I, S A3 B A2 i TR AR FL iR 223
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Rl PY , 10 B ] RE SR e T I () 5 A 2R IR BN ) 3R 22 Te 7R R E W N IA WF21L, AT 70% ~90% Z [H].
FEPEREL De Wi AR 2%, Ui IATE TR M X B P R B BERRIB BERKBE TS BT AGE 8. 28 L ik, 7E B MM
T i 5 R TR R RO 45 SR Tl 5 T A .

7% 4 EPHRIE 6 A SCMs B BT SE 1

Tab.4 Evaluation statistics for six SCMs models in Zhidan watershed

N i
]
Re/% Qe/% Te/% Dc Re/% Qe/% Te/% Dc

SCM1 46.6 20.0 80.0 -1.8 20 20 40 -15.34
SCM2 26.6 26.6 80.0 =-5.7 20 20 60 -24.03
SCM3 333 40.0 80.0 -8.7 20 40 60 -26.62
SCM4 40.0 40.0 73.3 -5.6 20 40 80 -22.59
SCM5 53.3 53.3 93.3 -5.9 40 40 80 -23.65
SCM6 46.6 46.6 86.6 -6.0 40 40 80 -21.78

332 EAAEA XA 3 Pl BT (SCM2 SCM4 Fl SCMS ) Ak I 152 25 15 2% 43 A iE 47 43
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i, SCM2 BETIRLIZE FE L SCM4 ARV R SCMS AR R BE B3 ST, b AR IR 22 /N T 20% I K 3k oA
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Fig.7 Distribution of flood events with flood peak error less than 20% in combined models
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