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Fig. 1

Ensemble forecast discharge comparison of three EPSs and the Grand ensemble

at Wangjiaba Station from 23 July to 3 August in 2008(from Reference [36])
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Table 1 Examples of operational and pre-operational flood forecasting systems routinely using

ensemble weather predictions as inputs(from Reference [40])
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Fig. 2 The flow chart of application of ensemble

prediction system to warning of inundation
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Fig. 3 Brier skill scores(BSS) of post-processing ensemble forecasts of cumulative precipitation for

different lead times(1—14 days) and different seasons(including all seasons)

in two sub-basins of the Huai River Basin(from Reference [28])

O. 8 | B *j(
%
e
Sﬁ 0.6]
w
et
qu ~+
T 0.4+ .
) ——
D "N’r' ~
B T 1
- P
v\ﬁ\ﬂffe***e—&iﬁ“eiié
0.0 — ‘ ‘ ‘ | ‘
2 4 6 8 10 . )
T /d
3.4.2 KCHE A FURR Ak

TE AN BE T i i 45 SR AN RE AT DAy Fre 20 A
J A B R IIUAR TUE — A EL A Bt AR TR 1Y
i Hh 25 R AN BEAE O B S5 10 R KA EAFAETE
ZAHENE . 5 AR B TR 5 AL HEIE AL, Kk 3T
e Ja A B T5 1 32 B AR AR A 084 g SO0 R
S SV RE N R VAL IR o BiTI N
BER B VR KU A 5 b 32 SR UK SCEE & B X
O YOI (g 2% 1 A 4 85 BE R BT

T 92 B L N0 0 AL A R 22 TR] ) 22 S oK R X
A Fob A [a] 14 7K SCT AR % 25 il T O ik 2E AT WE S R B
Ll P R ) 12 9 2 e S B e B A O B g S —
AR ZE IR i Ao BT A R AR R 22
5L L Goswani S5 AR X F SELARL, X 8 Fib
FOHTIY J7 35 M IE DR 25 B9 PR RE HEAT TR BRI AR
Seo SR T AR A ALY E AL BRES T4
UL TR AR S8 VA K SO UL 4 AN 1 P 3R 22 A
IE. HEESSEAG IS AN S A . @4 M



648 M OH A

% 4R

% 25 &

ABE UL I 9 A TF A 5 B0 T o 1R 25 9 O 1 AE
22 B i 3 1 0 T Y B SE T R K A A TR 1 A AL
P, Bogner S8 TN AT — il 08 00 A0 A4 3
AT /N AR B SRS A MR AR 25 5 T ik, =
A TR 55 S BRI R % 22 o A DL By B SR S 1
T PRI K SCEE G PR R G VT T A By %L 2
SR 5 AL FE A R A AR T K SO G AR AR AL 1Y
PR2E 2 AT R B B R R 2 8 R R

(Model Parameter Estimation Experiment, MOPEX) %
B, % FH i A 26 P45 % (The general linear model,
GLMD) X 7K SCHE 45 Bl B AL TEBFFE R W] : GLM G b
FHAS A] DL Az Al S 00 K SCHE G B 0 T AT TR
ZE WK SCEE A TR W BIE RUR B 3  iZ T B LU
AR K SORSE AL 15 22 , Hi HE B 422 30 552 B UL I ) 7K ST
T (B 4,

4.0 ; ;
T (a) . (b)
2.5, % E 1
3.8 X . R
—~ =20t
T 3.6 ©
= vel -
= O R G S g
\E‘/ 3.4 e’ \E/ L5r
< H
o oK -
el ° e B leg®s G E R S
B 3.2 //,,,,;J—";/} il E ‘ e Rl SEEDES S DD+ S PR
e BRI . S
e CALWRHEE - CALBRHRILIE
o APRERHEEM | 0.5r —— APR¥EHIEIA
,,,,,,,, CALZRHELfE e CALFEFHIIIA
e APRRRMEEDNE | | o APRETFHUULIE
L L L L I 0.0 1 1 1 1 L L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
TRt /d Tt /d
B 4 K SCHE A TR 5 Ak FR 7 3 i R 401 45 SR P A 1

3.5

()Yl . (b) 77 i 22

Fig. 4 Evaluation of post-processing of different simulation(from Reference [87])

KX EE TR L 77 %

(a)mean value, (b) root mean square error

(Brier Skill Score,BSS) ., % ¥ 4> F F ¥EA& A1 X F

Pl AS T) A 04 3 75 B2 — R B AR o 1Y) T4 56
HE T, A4 B AR H A0 I K T 0 A 56 0]
HEPEX 131 46 95 3 45 o — 50 5 22 1 il 3 ;9 25
Xof T A T TR L R 30 5 R A R R AR A G R AL
JH 3 26 T R 0 0 (L ) AR DG OG 3R L A Ak Y LR
0~1. 25 F 46 56— B isf [ 11 190 412 °F 25 {5 5 00
ST S5 08 1) O 22 » D 25 (EDBR 32230 F 0 i dr . B R
TR 2 H TG4 R 7 MR A 22 A TR 00— BEAR K i ]
{18 T 15 22 289 0 AR 5 25 1 15 VE 43 0] F DAl 1904
WRZEMRHEL. ¥ MR 22 HE T340 0 1 B, R 58
G W R S P TR 5 2 O AR R 22 TS PR A 0 B
FRRGENBIRERE S5 2% R GEAH R s 307 M iR 22
S /NTF O RRAREWMRKSH RS
£,

Xof - HE 6 AL K 58 7 YA A A S R 4L T T Ay

—NMSERGES DM ARG MR ERE, HHh
0~1,3F5r 2 1 I, 378 58 4 W il 19 B 7 M 41 5 1
I3 0 I RN RG R B MERE 5 2% RGN 1T
ST O RIRRGE WIS H R 2%, R
JE IR 42 15 VY o e B A T LI A5 21 7 M ik R AR
227 Z5 o AT SR IR 35 VF 53 46 55 B8 1L T30 41 174 e 7K Ak
RN R BRS04 B T 4 (Continu-
ous Ranked Probability Skill Score, CRPSS) F T £
55 Tl 4 22 R0 A eR KRS A L ) UL 3R AR 43 A pR B 2
(] 5% 2 F- 07 118 S o 58 98 T4 1Y) 3% 2 119 23 A AT
IR 0. TS 3 ME R F 43 FH RS 35 100 4 AH X
S TR A B . AT SR R T R g AR
L FOUL I B 23 18 € 2R B A TR B 232 5 28 L e X i
FIR) A TR AR 25 53 24 25 P G 5 0 474 %) 00 0 430 24 2 1 7
— L R AR A PR R G A A B0 A A I 25 1Y



% 6 39

O B 25 - 8 - (L AT 7 kK A A o P 649

RS TTEE

4o SRR

T 250 10 4 B, [ B b 45 A~ BEK B HLR 76
PR AP T K SO A TR R G VF 2 MR L 2
TR SCHE A AR A LK BRI T T4 B Jon {2 %
K7 HUESRATIE] . WK SO MR R 2 2L
NARKM R ERH . X EREETLG0M55 Kb E R
ISR 55 2298 73 R W] K SCUR AR TR
JUY B2 R OAC U581 3 AN (3L 185 A 1 LA » 3 AT DA
o P A P L R ) 2 B e K K s BE K 7 AR A 1Y
0L MHRSS bR Ui, K SO AR R A) A% &
BT A AN B 5 P DR SR IR B E A A T A5 A XU
Ja 2R R R A R 3R 2 ) AT G L ATl TR A 4 4 E
Cihy i

A B AT R A D BUE AR L TE
% B SCAE 4 B X AT R R F LA
AR B R LB SO B ANt
X B BT K SO 5 TR 6 R P R
MRIRAFAE . ANUK ST A TR 6 20 ORI Ak 31K 2t 11
R AR A TR A B B R AR 2
F ORI PR A SR . 5 3T 5 K B A B Y
FOR TR A L » B 48 7 A 3R T4 2 Ak Al Btk

Xk K B 5 TR AT AL B R S AR B Y A% BB R
C & THREMB UL B, H A g XK SC8 4 W
e & A U I SR R S AR BIRR  BR I
B o AT B G AR e R R AR ) T K T DR SR AT
TEAEVF 2 IR R PEAR

LA . AT BEA I A 1 AR s K SCHUIR A
5 1 AR A T b A B £ R A 138 2 UK TR
(1 5 P 2K SCH 5 TR A 4] 7 2 AR 4 ) A
FIN AR P A B 5 T B R 7 X8
JUA% i3 K SCHURAS B % 1 I e B 2 B T4 Y 7
b i HE 7K SCHE & BAE A0 45 4 1 A A B . He
SR A B B B R G0 LA 55 T kK T
P S A SR MO B e B 27 B A 28 SR
S ) R 0 R T A S 1 UK TIGGE 24
ARG G TR 73 A 5K SCK A6 A & 7 T
it TIGGE £ 4 4l 3K 3l R -7k C-K TG &

48 RS AE G TR 2R G0 AR 5 75 IR R BY A AT E 1 3
SO FNGORHE] A6 1Y S 1 g A L s mT LA ] T ik K
Tl . HCAE)T R R IR AR AN [ U BE A A R R
o 25 A7 1 DX R AT B 22 8 K TR G o DA i
HC FHH A B 8 e

2006 AEHE N T T213 2R LS T &
GiArh RE XA B ARG . SRS
A 5 A T4 WL 2R GEWT 5T 5 al PR 1k
% (THORPEX) 2 TIGGE 4, TIGGE [
LUK ECMWE,NCEP,CMCUIm&E RS L H 0,
Canadian Meteorological Centre) 2§ i 5 4% i 4 77
O B SR TS RE TR B Ak 10~16 d.,  [E £
117 TIGGE 1) £ 4 Tl 4 56 B b AR J7 il 2 4k 1
Ko AR SRR SCK 7 4088 H g I $ AR i 1 e
o AT LA folf 5 B T4 i A S s 9 K AR
R

2 % x #t

[1] Reynard N S, Prudhomme C, Crooks S M. The flood charac-
teristics of large UK rivers: Potential effects of changing cli-
mate and land use. Climatic Change ,2004,48(2-3) :343-359.

(2] SRUENI,ZRAE SR B AR, 45 K SCTRARAS B 2 M I F 58 0 e 5
JEER. A TR oA BB 2006, 24 (1) £ 15-21.

[3] He Y,Wetterhall F,Cloke H L,et al. Tracking the uncertain-
ty in flood alerts driven by grand ensemble weather predic-
tions. Meteorological Applications ( Special Issue: Flood
Forecasting and Warning) ,2009,16(1):91-101.

[4] Andrew W W,Dennis P L. An ensemble approach for attribu-
tion of hydrologic prediction uncetainty. Geoghys Res Lett
2008,35:14,1.14401.

[5] Ahrens B,Jaun S. On evaluation of ensemble precipitation fore-
casts with observation-based ensembles. Adv Geo Sci, 2007, 10
139-144.,

[6] Gourley J J.Vieux B E. A method for evaluating the accuracy
of quantitative precipitation estimates from a hydrologic mod-
eling perspective. J Hydrometeorol ,2005,6(2) :115-133.

[7] Krzysztofowicz R. Bayesian system for probabilistic river stage fore-
casting. J Hydrol ,2002,268(1-4) :16-40.

[8] Pappenberger F,Beven K, Hunter N, et al. Cascading model
uncertainty from medium range weather forecasts (10 days)
through a rainfall-runoff model to flood inundation predictions
within the European Flood Forecasting System (EFFS).
Hydrol Earth Syst Sci »2005,9(4) ;381-393,

[9] Verbunt M, Zappa M,Guttz J,et al. Verification of a coupled
hydrometeorological modelling approach for alpine tributaries
in the Rhine basin. J Hydrol ,2006,324(1-4) ;224-238.

[10]  Blik:fe, RAET . Lei W, A5 Rl ARS8 25178 52 0 5% 7 9k /K 3t



650

Mo R

% 4R

% 25 &

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Ao i R K B2 k. 2006, 17 (6) - 847-852.

Lin C A,Lei W,Lu G H,et al. Atmospheric-hydrological model-
ing of severe precipitation and floods in the Huaihe River Basin,
China. J Hydrol ,2006,330:249-259.

EHIAH L BRI, GRAPES g7k SO 78 — Witk
KA BB B R % 2 45 2012, 23(3) 1 274-284,

U LR Ak L DUILFRIL H G UK ORISR R
g5 AR R .2014,25(1) :112-119.

T, B S T ST A HE R A T 3R R 5 DY IR
4 B AR BE 2. B HOR 5 TR 2002,2(6) 1 88-91.
2R e e R R 2. 2 B %) IO 1 — YR 5 B K i RS
FEPETR AT 8 I L M R WF 5. 2009, 29(4) - 18-26.
WHTT, BRI U A5 E o T B AR S H R K TR &5 2R
AR B AE Pk X% ,2011,37(5) :540-546.

R VA P AT RIS . T B e K RO 6 R I R
KA A B TUAL B AS By 2 Ak 43 B AU 5 BR B B ST, 2012, 17
(2):171-183.

SR LI IS K L A U T AR YT 20 H Y gk H RO
HEMEAR O N R AR 2011,22(4) 1 421-428.

Demeritt D, Cloke H,Pappenberger F,et al. Ensemble predic-
tions and perceptions of risk, uncertainty, and error in flood
forecasting. Environ Hazards ,2007,7(2) ;115-127.

Xuan Y, Cluckie D, Wang Y. Uncertainty analysis of hydro-
logical ensemble forecasts in a distributed model utilizing
short-range rainfall prediction. Hydrol Earth Syst Sci »2009,
13:293-303.

Roulin E. Skill and relative economic value of medium-range
hydrological ensemble prediction. Hydrol Earth Syst Sci,
2007,11.725-737.

Day G N. Extended streamflow prediction using NWSRFS,
Jowrnal of Water Resources Planning and Management ,
1985,111:157-170.

Cloke H L,Pappenberger F. Evaluating forecasts for extreme
events for hydrological applications: An approach for screen-
ing unfamiliar performance measures. Meteorological Appli-
cations ,2008,15(1) :181-197.

Buizza R. The value of probabilistic prediction. Atmos Sci Lett
2008,9:36-42.

Friederichs P,Hense A. A probabilistic forecast approach for
daily precipitation totals. Wea Forecasting ,2008,23(4) :659-
673.

RIS R, A A, 55 BT TIGGE 1y g sl M 38 1 g K i
WAL . K% ,2010,36(7) . 133-142.

Zhao Linna, Tian Fuyou, Wu Hao, et al. Verification and com-
parison of probabilistic precipitation forecasts using the
TIGGE data in the upriver of huaihe basin. Advances in Geo-
sciences »2011,29:95-102.

Liu Y,Duan Q,Zhao L,et al. Evaluating the predictive skill of
NCEP GFS ensemble precipitation forecasts in China’s Huai
River Basin. Hydrological Process ,2013,27:57-74.
UKAoL 45 JE T TIGGE BERHY UT VR 100 3 Jok

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

6 /NI K B 4 A e
551.
EARE KRR WIS A TE R DA SR 1 R AR TR B AN
k. A4, 2011,37(4) :385-391.

Schaake J, Hamill T H,Buizza R, et al. HEPEX— The hydrologi-

Sy Hr. KA FE#,2013,37(3): 539-

cal ensemble prediction experiment. Bull Amer Meteor Soc »2007 ,
88(10):1541-1547,doi: 10. 1175/BAMS-88-10-1541.

W TR HESR TR K SR GERR AN B PERF TR
YHE,2007,27(5) :890-896.

Thielen J, Schaake J, Hartman R, et al. Aims, challenges and
progress of the Hydrological Ensemble Prediction Experiment
(HEPEX) following the third HEPEX workshop held in
Stresa 27 to 29 June 2007. Atmos Sci Lett ,2008,9:29-35.
Pappenberger F, Bartholmes J, Thielen J, et al. New dimen-
sions in early flood warning across the globe using grand-en-
semble weather predictions. Geophys Res Lett ,2008,35(10) ;
1.10404.

AL L1 75, JU SN0 k1 A A TR 17 T YT AE 4R I K T AR B O K
F| 24K, 2012,43(2) : 216-224.

Zhao Linna, Qi Dan, Tian Fuyou,et al. Probabilistic flood pre-
diction in the Upper Huaihe catchment using TIGGE data.
Acta Meteor Sinica +2012.,26(1) ;62-71.

Thielen J, Bartholmes J, Ramos M H, et al. The European
flood alert system-part 1:Concept and development. Hydrol
Earth Syst Sci,2009,13(2) :125-140.

Mcenery J,Ingram J,Duan Q,et al. NOAA’s advanced hydrologic
prediction service. Bull Amer Meteor Soc ,2005,86(3) :375-385.
Ramos M, Bartholmes J, Thielen-del P J. Development of de-
cision support products based on ensemble forecasts in the
European flood alert system. Atmos Sci Lett ,2007,8(4) ;113
119.

Cloke H L., Pappenberger F. Ensemble flood forecasting: A re-
view. J Hydrology.2009,375:613-626.

Webster P J,Jian J, Hopson T M,et al. Extended-range prob-
abilistic forecasts of ganges and brahmaputra floods in bangla-
desh. Bull Amer Meteor Soc,2010,91(11):1493-1514.
R . B A B TR R e 5 0 98 0 . T R4 2 4l
2002,13(4) :497-507.

KA. B G TR B BUR FAT SR BT R R, 2002, 13(1)
16-28.

LB B KRB ARITFN 5 RAE R EE K5,
2010,36(1) :3-6.

Tracton M S, Kalnay E. Operational ensemble prediction at the
national meteorological center: Practical aspects. Wea Forecasting
1993,8:379-398.

Buizza R, Hollingsworth A, Lalaurette F, et al. Probabilistic
predictions of precipitation using the ECMWF ensemble pre-
diction system. Wea Forecasting ,1999,14.:168-189.

Burger G,Reusser D, Kneis D. Early flood warnings from em-
pirical(expanded) downscaling of the full ECMWF ensemble
prediction system. Water Resources Research ,2009,45(10)



% 6 39

O B 25 - 8 - (L AT 7 kK A A o P 651

[48]

[52]

[53]

[54]

[56]

[57]

[60]

[61]

[62]

[63]

1-15.

Schaake J,Franz K,Bradley A,et al. The Hydrologic Ensem-
ble Prediction Experiment (HEPEX). Hydrol Earth Syst Sci
Discuss,2006,3:3321-3332.

BROBER I IR IR A AR S BUE TR T 1 78 TR P )
AR . B RAR A 2007, 23(4) :854-861.

SR BRI 5. T A R TR A TR kK
. W9 E ,2010,29(3) :274-278.

Bao Hongjun,Zhao Linna. Development and application of an
atmospheric-hydrologichydraulic flood forecasting model driv-
en by TIGGE ensemble forecasts. Acta Meteor Sinica ,2012,
26(1):93-102.

RAH B, RAR T GE T 2R R K S R B AORS A
KB K 3C,2012,32(5) ; 1-6.

Zhang W C,Xu J W,Liu Y H,et al. A Catchment Level Early
Flood Warning Approach by Using Grand-ensemble Weather
Predictions; Verification and Application for a Case Study in
the Linyi Catchment, Shangdong, China. TIGGE-B Poster
Session, Third THORPEX International Science Symposium
(TTISS),2009:14-18.

Xu Jingwen,Zhang Wanchang,Zheng Ziyan.,et al. Early flood
warning for Linyi watershed by the GRAPES/XXT model u-
sing TIGGE data. Acta Meteor Sinica ,2012,26(1):103-111.

Liu J, Xie Z H. Improving simulation of soil moisture in China
using multiple meteorological forcing ensemble approach.
Hydrol Earth Syst Sci,2013,17:3355-3369.

He Y,Wetterhall F,Bao H,et al. Ensemble forecasting using
TIGGE for the July-September 2008 floods in the Upper Huai
catchment: A case study. Atmos Sci Lett,2010,11(2):132-
138.

Goswami M,0’ Connor K,Bhattarai K. Development of regional-
ization procedures using a multi-model approach for flow simula-
tion in an un-gauged catchment. J Hydrol ,2007,333(2-4) :517-
531.

Shapiro M A, Thorpe A J. THORPEX International Science Plan.
WMO/TD, 2004 :1246.

Park Y Y, Buizza R, Leutbecher M. TIGGE: Preliminary Results
on Comparing and Combining Ensembles. ECMWF TM 548, EC-
WMEF : Reading, 2007.

Buizza R, Petroliagis T,Palmer T N,et al. Impact of ensemble
resolution and size on the performance of an ensemble predic-
tion system. Quart J Royal Meteor Soc, 1998, 124. 1935-
1960.

Mullen S L, Buizza R. The impact of horizontal resolution and
ensemble size on probabilistic forecasts of precipitation by the
ECMWEF ensemble prediction system, Wea Forecasting ,2002,
17(2) :173-191.

Paul ] R,David M S,Brian A C,et al. Toward improved pre-
diction; High-resolution and ensemble modeling systems in
operation. Wea Forecasting ,2004,19(5):936-949.

Du J, Traction M S. Implementation of a Real-time Short-

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

range Ensemble Forecasting System at NCEP: An Update //
Preprints, 9th Conference on Mesoscale Process. 2001 355-
356.

De Roo A, Gouweleeuw B, Thielen J, et al. Development of a
European flood forecasting system. International Journal of
River Basin Management ,2003,1(1) :49-59.

Bartholmes J, Todini E. Coupling meteorological and hydro-
logical models for flood forecasting. Hydrol Earth Syst Sci .
2005,9(4) :333-346.

Cluckie I D,Xuan Y, Wang Y. Uncertainty analysis of hydro-
logical ensemble forecasts in a distributed model utilizing
short-range rainfall prediction. Hydrol Earth Syst Sci Dis-
cuss »2006,3:3211-3237.

Beven K, Romaniwicz R, Pappenberger F, et al. The Uncer-
tainty Cascade in Flood Forecasting / Balbanis P, Lambroso
D,Samuels P. Advances and Implementation of Flood Fore-
casting Technology. ACTIF:; Tromso,2005.

Klein W H,Lewis B M, Enger 1. Objective prediction of five-
day mean temperatures during winter. J Atmos Sci »1959,16:
672-682.

Glahn B, Peroutka M, ] Wiedenfeld, et al. MOS uncertainty
estimates in an ensemble framework. Mon Wea Rev.2009,137
(1):246-268.

Raftery A E,Gneiting T, Balabdaoui F,et al. Using Bayesian
Model averaging to calibrate forecast ensembles. Mon Wea
Rev,2005,133:1155-1174.

X [ L O R R BRI, 4. BT TIGGE 8 4E G 1Y 24
/NI BMA MR B KR4 2013,37(1) 1 43-53.
Krzysztofowicz R, Maranzano C J. Bayesian Processor of Out-
put for Probabilistic Quantitative Precipitation Forecasts, Vir-
ginia; University of Virginia,2006.

Sloughter J M, Raftery A E,Gneiting T,et al. Probabilistic quan-
titative precipitation forecasting using bayesian model averaging.
Mon Wea Rev,2007,135:3209-3220.

Schaake ], Demargne J, Hartman R, et al. Precipitation and tem-
perature ensemble forecasts from single-value forecasts. Hydrol
Earth Syst Sci Discuss ,2007,4:655-717.

Clark M,Gangopadhyay S, Hay L,et al. The Schaake shuffle:
A method for reconstructing space-time variability in forecas-
ted precipitation and temperature fields. J Hydrometeorolo-
2v,2004,5(1):243-262.

Yang Chi, Yan Zhongwei,Shao Yuehong. Probabilistic precipitati-
on forecasting based on ensemble output using generalized additive
models and bayesian model averaging. ] Meteor Res ,2012,26(1) ;
1-12.

TR IR L 5 FF 55 kT DL S0 5B R K DT TE Y K SO R
B AR 4, 2013,24(4) 1 416-424.

Liu J, Xie Z H. BMA probabilistic quantitative precipitation
forecasting over the Huaihe basin using TIGGE multi-model
ensemble forecasts. Mon Wea Rev,2014,142:1542-1555.
Bl = M L s K SCR G MR gE T G Ak HEL K B I



652 VAT S 25 %

5t.2012,1:161-168. in the operational river Rhine forecasting system. Water Re-
[80] O’ Connell P E, Clarke R T. Adaptive hydrological forecas- sources Research ,2009,45(2) ,doi:10. 1029/2007WR006758.

ting: A review. Hydrol Sci Bull ,1981,26(2) ;179-205. [87]  Zzil B X AR . 55 38 TR MR R A S ZOK SCEE G TidlUS
[81] Refsgaard J C. Validation and intercomparison of different up- A FE R . KRR, 2014,37(2) £ 229-236.

dating procedures for real-time {orecasting. Nordic Hydrolo- [887 X2 BAHKGE . BT == » 5. — b el S 904 A M 2R 40 1

gy-1997,28(2) :65-84. /5 28 P E R AR SR SR ——S1T 5 =R Y
[82] Goswani M,O’ Connor K M, Bhattarai K P, et al. Assessing A AU R AL, 2011, 718.

the performance of eight real-time updating models and proce- [89] Zappa M,Rotach M W, Arpagaus M, et al. MAP D-PHASE;

dures for the Brosna River. Hydrol Earth Syst Sci,2005,9 Real-time demonstration of hydrological ensemble prediction

(4):394-411. systems. Atmos Sci Lett, 2008, 2 80-87, doi: 10. 1002/asl.
[83] Seo D J.Herr H D, Chaake J S. A statistical post-processor 183.

for accounting of hydrologic uncertainty in short-range en- [90] Preface; Hydrological Ensemble Prediction Systems. Hydrol Pro-

semble streamflow prediction. Hydrol Earth Syst Sci Dis- cess,2013,27.1-4.

cuss »2006,3(4) :1987-2035. [91] Demeritt D,Nobert S,Cloke H L,et al. Challenges in commu-
[84] Bogner K, Thielen J,Bartholmes J,et al. Bias Correction Methods nicating and using ensembles in operationalflood forecasting.

and Evaluation of an Ensemble Based Hydrological Forecasting Meteorological Applications,2010,17(2):209-222, doi: 10.

System for the Upper Danube Catchment // 3rd HEPEX Work- 1002/met. 194.

shop Book of Abstracts. EUR22861 EN,2007.21-22. [92] Nobert S, Demeritt D, Cloke H L. Informing operationalflood
[85] Bogner K, Kalas M. Error-correction methods and evaluation management with ensemble predictions: Lessons from Swe-

of an ensemble based hydrologic forecasting system for the den. Journal of Flood Risk Management ,2010,3:72-79.

Upper Danube catchment. Atmos Sci Lett, 2008, 9 (2): 95- [93] Ramos M H,Mathevet T, Thielen J,et al. Communicating un-

102. certainty in hydro-meteorological forcasts: Mission impossi-
[86] Reggiani P,Renner M, Weerts A H,et al. Uncertainty assess- ble? Meteorological Applications .2010,17.223-235,doi: 10.

ment via bayesian revision of ensemble streamflow predictions

1002/met. 201.



% 6 39 O B 25 - 8 - (L AT 7 kK A A o P 653

The Progress on Application of Ensemble Prediction to Flood Forecasting

Zhao Linna” Liu Ying” Dang Haofei” Jiang Di¥ Duan Qingyun®
Wang Binyan” Bai Xuemei” Liang Li®"
Y (State Key Laboratory of Severe Weather , Chinese Academy of Meteorological Sciences, Beijing100081)
2 (Sichuan Provincial Meteorological Observatory, Chengdu 610072)
D (Chengdu University of Information Technology, Chengdu 610225)
Y (Nanjing Meteorological Bureau of Jiangsu Province , Nanjing 210009)
? (College of Global Change and Earth System Science, Beijing Normal University , Beijing 100875)
% (Laboratory of Cloud-Precipitation Physics and Severe Storms ,
Institute o f Atmospheric Physics, Chinese Academy of Sciences . Beijing 100029)

? (Uniwversity of Chinese Academy of Sciences, Beijing 100049)

Abstract

Hydrological Ensemble Prediction is a forming and developing branch of hydrology. Its development
can be roughly divided into two stages. The first stage is the longer term streamflow predictions stage
from 1970 to the end of the 20th Century, and the second stage is to learn the concept of the numerical
weather forecast applied to hydrological ensemble prediction at the beginning of the 21st Century. Com-
pared with the single deterministic prediction meteorological, ensemble numerical forecasting can describe
the uncertainly quantitatively. In recent ten years, the application of meteorological ensemble numerical
forecasting to hydrological ensemble prediction on the warning of flood forecasting attaches great impor-
tance. In addition to single ensemble system, multiple ensemble system is gradually applied to hydrological
ensemble forecast, even in some small basins. To study potential benefits of using the TIGGE database in
early flood warning, an atmospheric-hydrologic-hydraulic coupled cascade system driven by TIGGE ensem-
ble forecasts is set up. Some hydrological ensemble prediction systems use high resolution ECMWF-EPS or
limited area EPS as weather forecasts as initial and boundary conditions. Over the past decade, many stud-
ies show that forecasts based on hydrological ensemble prediction systems not only can add accuracy but al-
so increase the warning lead time. The European Flood Alert System and the Advanced Hydrologic Predic-
tion Services of NOAA realize real-time prediction in flood forecast, but there are still some problems,
such as large amount of calculation and massive data to handle. The various pre-process and post-process of
ensemble forecasts of techniques are in the stage of exploration and verification. Besides, there are a great
deal of challenges and difficulties in understanding how to make flood warning decisions based on probabi-

listic forecasts better.
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