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Hydrological models comparison and ensemble forecasting in semi-humid watersheds

HUO Wenbo, LI Zhijia & LI Qiaoling
(College of Hydrology and Water Resources, Hohai University, Nanjing 210098, P.R.China)

Abstract. Watershed hydrological simulation is a measure to simulate the real world hydrological processes based on hydrological
models. A large number of conceptual hydrological models have been invented driven by different generalizations of the identical
hydrological process. The advantages of different models can be investigated by comparison of different hydrological models. Ensem-
ble forecasting is a means that integrates several model results to obtain more reliable and stable predictions. Arithmetic Mean,
Weighted Averaging and Bayesian Model Averaging are three common ensemble forecasting methods. In this study, seven hydrologi-
cal models were applied and compared in three semi-humid watersheds in the northern China to explore the applicability of different
models in each watershed. Bayesian Model Averaging scheme were used to integrate these models to compare the advantages of dif-
ferent combinations, and the application effect of Bayesian Model Averaging scheme was studied. The results show that models with
saturation-excess mechanisms have a good simulation effect in semi-humid watersheds. Traditional models are improved based on
the characteristics of different watersheds, and the accuracy of simulation is higher after improvement. The certainty forecasting re-
sults and probabilistic forecasting results are provided by Bayesian Model Averaging scheme. The integrated result of few good-simu-
lated models shows poor stability. Bayesian Model Averaging scheme can take advantages of each model efficiently and provide
high-precision forecasting results by increasing the number of integrated models properly.

Keywords : Semi-humid watershed ; hydrological simulation; models comparison; Bayesian Model Averaging
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Tab.1 Parameters and their physical meaning of 7 models

T ZH SRV SR L
BT AR EEERRNITE R —B/ANT | EREEAY  FEEE R B ) 5 S0l K m 2%
(Ke) BEHBIX AT RER T 1 KEZ L
H H K (SM) — RN 10~20 mm, 7). KWK EKEES
AR 37 7K 5 11 3 38 T B 50
mm 2K
WM KRR RE(CS)  0~1 Z[H] S BCTRT ) eft K  AE e E
TOPMODEL T KEKIRE (SZM) — M HL0.01~1 PPN AN X3 K KR (m)
WRBKEAK(SRMAX)  —J&HL0.01~1 FORMBRE R X KB KE (m)
SAC Y R HBKEE —fBEH 15~30 mm L2 A Bk (mm)
(UZFWM)
FNFE F K EB —f 4 0.2~0.5 M+ Z 0T )2 T3k
( PFREE) TR A K
A B P AR TRIHEEAL R S5 (Sf) — B HL 0~ 100 S LA T A 95 T (1 P
BB =W R IR E(BX) —BE0.1~1 TR A 245 4L
VTR Y
JeEE B SRR KR (WM) BT X 2 120 ~ 150 mm,  FoR R
2 NRE L X 2R 150 ~200 mm
B2 VT — T AR R Fr i T B L 5 ( IV ) 0~1 Al AR/ IN Y E K T s o T B
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2.1 BRI S S R b B
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Tab.2 Flood simulation results of different models in Chenhe Basin

_ P A/ % BLIEAH5 %/ % i e el
;é;l:
e YR e U5 UE I FIE W) IUEIY

LT AR Y 83 75 75 75 0.78 0.86
TOPMODEL 67 50 42 38 0.54 0.64
SAC A 83 63 50 50 0.63 0.72
RIS P AR 42 50 58 63 -0.61 0.45
TR B = UL T L TTAR Y 83 75 75 75 0.46 0.61
SR JE E R 67 75 75 63 0.20 0.61
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TS 7™ Ui I 2 TS A P B M A R 0 5 A% R T T 45 T 22 VA A ) , (L300 1 R A
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S #h T 420. TOPMODEL #5045 5 AR I | 6 22 % it parameters in Chenhe Basin
W 0 A DL 22 , 6 UE DI UL 0 5 A R ASUAT 38% . T BWL BN
TOPMODEL J& DA HJE R L a2 o0 A 2K Soe s > —
. s . WL UTAGAY Ke 0.8
T KA AR T 2 B i A 2 7= A M R AR . R TR O 35 v 10
HO R KA B, 5o DA 114 8% T R ) [ PR 9 AS 2 3 s 0.083
MR KA S A AR AL, (AR 4 A i e AR i /). TOPMODEL g;fgx g'gi
Jﬂ:,XﬂLTFﬁ?ﬁﬁJJTHH”%EE‘J[‘%E@%IEI%‘J%EK%%@% SAC Hi) [}ZFWM s
7K, TOPMODEL #5548 f 7 06 35t 12t b S B i /). PFREE 0.3
2.2 RiERIEEIMGE RILE R P AR Sf 12
SRR 4TS > o 4t 36 5t AR IS 7= i B 28 1T AR BX 0.1
FERUAR S 7K SCok 1962 — 2011 4E3E 36 37tk | 21 vy o o

K AE 15 G HIREIE, A RS R I 3 4.
R 4 RISV IRAN RIS KDL 25 SR L

Tab.4 Flood simulation results of different models in Dongwan Basin

o BE A /% BEIE A 45 /% ff 7 1 R B E
EJ;
REW U5 UE I REW ans e W) Y ELY)

BT AR Y 76 67 62 60 0.66 0.58
TOPMODEL 48 40 48 40 0.42 0.23
SAC HA! 62 40 67 53 0.44 0.06
RIS = A 38 33 43 33 -2.23 -4.85
BN 7= U A 7 4 VT AR Y 76 73 67 67 0.65 0.56
Sl e E R 71 53 52 47 0.47 -0.34
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ARV A MR AR TN T AR, P AT ISP . 7V BN S BE R B B b, RO TSR /T 5 F 2 0

JE A IE R LB (33, 3R i B 5 FREBOR RIS K55 Xt 1

AR TR 22 ) R R A Tab.5 Flood simulation results of

2.3 T RS RILE different models in Wang’an Basin
BE#E T K SC 1988 — 2008 4Rk 20 3 W AR B A%

WK, 13 Bk e 7 S AR IE. T B

P AT A T 46 P 5 2, T3 K £ 5% K ! s

TR, HIBA FAFR Gk, TR ®oowob»
HOF A T WPl it AR gy, TOPMODEL © w80
SAC &7 54 29 15 29

2 L e o S e ML o A T S e < FE
RIS AR FYORIRE w1
Eﬂk,*ﬂfuéﬁ%ﬁﬁmW%éﬁlﬂj*&ﬁ,ﬁﬂ?#ﬂ WGBS e s 3

1 29 23 29
BORIGPIRRT B AR, R BRI A IR 22 s s 2o 54 57 15 0
LI A RTR 2R N PEMFE bR, BRI 2T — i A 85 71 8 14

SRR 5.

HEWMIZLPEE 2 0006 EHVERLEL aNV1T—( A ke k3 B E R 5 18 29%AN0 ! v ) A8 =2 AAd 4+  2°017/00 /990



1496 J. Lake Sci. (#ia#H3) ,2017,29(6)

RER I BERUAE 7 W ST A R | b 5 A% AR L W 5 M A BLAIR (3R 5) . T 22 T — g Y
S UEII P B R A IR B T1% AR P RV P B A A B T — A DL, ST 2 YT AL S Al
IMA B2 5T K2 BB AR T 1F T 2B ROEDL D 2 1 it 3K AR R A 7 TSR ThT 3 3 A
TR SR IR 3R AT B i, (H 5 I B 5 U SRR 8 2337 Ut Kk I 7 ki 1, LA 0 52 7K R T
VB LM, FOMERLADL | DR Hofs P F B M SR A PP A B R e T A 5, AR T 22 T — P S B AU 4 2R
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TOPMODEL SAC BERUASE M B BERUAE 3 ANt 4 SR — ML, JC A PRI i SR AR V5 W, 4% T PP i
BRI 22 TR,

3 BMA &5 TR A iEN AR

i H BMA J7iE% T AU G LA & i WA B 5 45 2R 5 B — R AU 25 SR A X 0k — 2D 4%
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Tab.6 Simulation results comparison among BAM scheme and 7 single models

2 0006 HHIARLEL Y0176 A FMAEE ke

AT 35 RV R F R R

ik LA A% %/ e M B G HE%/ i 1 AT, BHEERR/
BT AR AR 75 0.86 60 0.58 29 29
TOPMODEL 38 0.64 40 0.23 43 0
SAC 5% 50 0.72 53 0.06 29 29
B TR 63 0.45 33 -4.85 14 14
TR 7 A A YA A 75 0.61 67 0.56 29 29
Sel e E 63 0.61 47 -0.34 57 0
BVt A AR — — — — 71 14
BMA & Tk 88 0.86 40 0.73 86 14

2010072101 Stk BMA J5 ik SHAUSE RAREF A 2 DR — BRI L 125K 2 BMA D7k 845 )5 PE i AR
XFRZE R -3.34% BREE R BN 0.88, 2945 T 6 A FA—HERY. AR PO 12 35, BMA. J5 P65 0L ) ik 0
RSN s i G, {EL K% b AL e, b 5 A SR A R R L B — A vy UG e S A
BRI TR bR A6 5O 32, 28 BMA J5TESR 5 5 T 5 A% 30 LB 22 VT — Il B g 11 15% .

PRI  BMA S5 T 75 4 A R T A SR 3 2 GRS DL 245 R P P — B R A, i AR 7 WA Jek e 5 A9 R
B, AU — KU, {2 BMA J5 35 HAT B — BN B i 0 35 . B RERS IR AS SR A0 1, Bt S 7
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Fig.2 Simulated hydrograph comparison of different methods for the flood 2010072101 in Chenhe Basin
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FROR PG AR T 12 2 V62 2R 0. 75 VP 25 R o S5 5 9L B 000 4 SR P8 B (S ) i 44 M 52 3 4
(RPS) 22 S5 i (LS AN 1 T L SR SRR 7 0 88 45 TR . AR BF S T 6 % (CR) 7
FIHIAESE (B, ) ™ FEWEATXEAE 92 (B, ) SHEIT A BER TR A . CR J2 ph 37 985 ) 441 1 2 A3 X i)
(AT 90 T {5 5 ) T8 ST HPIEHE A | CR (45 94 45 0 13 X 60 pA ) S0 BBt 55 S0 6 A4 8
WA A — B (05 R, CR (EBS , DTSR 45 L T 4.

B AR Y,
_ L S qu
B w0 (3)
K, K BB, g, g 0000 i B 2R E (S ERRAENS TRYE(m /s) , Q, 2 i BFZISHMR & (m’/s) .
B, AN
9w ~ 4y
B, = ——— 4
0, (4)

K, q,, v, 2B HEE I 20 T8 R EERAER FERAE (m'/s) 50, RSB & (m’/s) . B, Hl B, 5351
PPHT R 7t K G R A I A R AS AIR TR R — B BTN AOOEAT GE (BB /)N | 6 R4 T 22 SR
K.

(1) BEVESZ R L. 3 b BMA J5 g PESS RGN SR 7 Frow , Horh PR X 15 22 - 4 (8 - ik 7K
IR AL X 15 2 248 X - 2 1.

T PRI 3 A BMA J7 I8 E PSRN FR bR xT L

Tab.7 Certainty forecasting results comparison among three BMA schemes in Chenhe Basin

AT 22/ % e M R AL
s

BMA® BMA* BMA? BMA® BMA* BMA?

2010072101 -3.34 -18.30 -35.29 0.88 0.85 0.83
2010081820 -1.15 14.92 -0.39 0.92 0.81 0.84
2010082218 -19.65 -16.48 -18.39 0.92 0.92 0.92
2011080301 -8.12 -10.42 -12.77 0.94 0.91 0.90
2011091008 -52.53 -60.52 -59.20 0.64 0.53 0.55
2011091520 -7.02 -9.59 14.41 0.95 0.93 0.96
2012070720 3.95 15.23 -17.70 0.85 0.84 0.90
2012083013 -14.76 -39.05 -34.91 0.80 0.85 0.85
FHH 13.82 23.06 24.13 0.86 0.83 0.84

BMA® 5 b A X R 2T BIE N 13.82% , WiE P R EUIME K 0.86, 76 3 By i h 5 Bedf, BMA* ik
1 BMA® 7y b e A X 3R 25 BB R S 1 R B LU ARSI (3R 7).

AHEL T BMA®J5 vk BMA* ik fE & Z AR K45 T b A 4% SR (IR ) TOPMODEL LA Je it it 4% 3
FH S M R B AR B T A (AR A S5 R BMAS 5 k. i & K B v LU ) B ™
TRASE RS 1) 1t 1425 38 K, T TOPMODEL BUALL A S04 fR /1. BMA 25 TR 7 I AR S 2 A R i |5 A B
ST AR | AL G SRR G R AR A R T A R, X T A B — S R AR AT /N S kR X
EERI BB 7o A AL 4% SRR B3 SN, AR B A 0 A 5 A R, 2 4% B — A RS0 3t 0 3k g A e, %
WA /B TOPMODEL &8 T3 K AL EE . 18] 3 il i 2012083013 5L ARBEHIZE S, iz3mitk
SEPPLETE B 1710 m’/s, 88 77 IR T RE 0L G U B Ol 1322 m/s, A 6 A B — B op gk 0 O
TOPMODEL B Ft e Fi i 763 m’ /s, 6 A A— AL P IR A%, i BMA® Oy I UEE G i, 8 7= S AU BT
R B, A A TR 45 50 iy b 7 8 K 11 TOPMODEL AR AT BB RN, W I R A 45
RILT-BA . 2 BMA A, iy 5 T i 04 37 8 5 8230 S 00 (9 8 98 P A Y fiff I A4
BEE R RN T BMA T i, B ARXR 22 00K, B 3 ikl & 131K BMA® 7 kA il 45 S i g
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Fig.3 Simulated hydrograph comparison of 2 BMA schemes for the flood 2012083013 in Chenhe Basin

(2) BEACTIURAE X LE. 3 Ff BMA J7 i R WU A R AR 8 7R | b 90% EiA5 BE T 445 3 B A5 X [A].
7 8 PRI 3 7 BMA J7 i LR TR A RPN 48 brxT L

Tab.8 Probabilistic forecasting results comparison among 3 BMA schemes in Chenhe Basin

" R/ % S YA T 5 LI AR X 5
i BMA® BMA* BMA? BMA® BMA* BMA? BMA® BMA* BMA?
2010072101 94.77 93.46 88.89 2.30 3.10 2.12 1.07 0.77 0.86
2010081820 92.71 98.96 93.75 1.87 3.71 3.79 0.58 1.97 1.46
2010082218 93.23 92.44 92.44 0.65 0.65 0.62 0.83 0.78 0.72
2011080301 89.17 92.36 94.90 0.58 0.82 1.02 0.73 0.88 0.63
2011091008 86.57 82.84 82.84 2.89 4.10 4.23 0.19 0.40 0.26
2011091520 93.71 95.43 94.86 0.77 0.61 0.88 1.18 1.15 1.39
2012070720 91.96 90.18 86.61 2.39 1.65 1.43 1.34 2.03 1.08
2012083013 92.42 90.15 90.91 6.02 7.25 14.07 1.21 1.00 1.01
SFHE 91.82 91.98 90.65 2.18 2.74 3.52 0.89 1.12 0.93

3 Flt BMA J7 i V353 35 R ARTE 90% L b, BMA® )5k 5 BMA® J7 1 588 16 R HL B2, 7 5 BMA®
5 (3 8) . AL T-HARE R 55 RN W AF X 47 5577 1T, BMAC J5 s Lb 53 41 2 R AR 4 5 BE T4, BMA* 5 15 - 344
Xof e A AR T BMA>J7 36, i Hb W AR XY 55 (78 T BMA® 7 1. B fA Sk B BMAS J7 1% T3 47 sk iof i it
WEERANT A AE SR TR BE e 17 , BMA® D7 i B 7 /K 0ol R O AE SR TR 465 SR 47 T BMA® J7 0, b UG8 7 AR 38 T 412
ZE RN BMA® k. & 4 4 BMA a5t Rl i 2010 45 8 H 18 H bk B Hil R 45

ZEATE PEES AL R R4S, BMA )7 48 G 8 S, BMA® VA A BMA® VA R4 1R, fhtkn]
VIF i BMA G546 TR 5 v RE ORS00 A5, Z A0 000 o, BV S (AR 400 A5 SRR S A S 8 SR 45 33
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Fig.4 Forecasting results of BMA® scheme for the flood 2010081820 in Chenhe Basin
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