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Abstract: Traditional hydrological prediction is a type of deterministic prediction, which does not make full use of the weather
forecast information, or give forecast uncertainty. This paper analyzed the precipitation hindcast data provided by the Global
Forecast System (GFS) in National Centers for Environmental Prediction (NCEP); and then the hindcast data was processed by
the ensemble pre-processor in order to drive the hydrological model. Finally, we got the hydrological ensemble prediction. The
results show that the hydrological ensemble prediction is better than the traditional ensemble streamflow prediction (ESP). The
hydrological ensemble prediction on GFS is an effective way of developing hydrological prediction.

Keywords: GFS, hydrological prediction, ensemble, Feilaixia basin

0 3§ R, RBE T K SCEE S TR S 5 N H )k . ESP
IR S A AR S — B BT DL W T TR (Ensemble Stream Prediction) J&%£¢ 81 [1)/K SCEE & TR
{1, ST DUER AL TR A N A M AE RO TR TR ESPIUSEAAE T H s R A4

FEL K TESTIRM R REAS TAs ey W&, RAZED L FEHIK G mn 44 4 1F
RED. 19634, Lorenz™ /e B /A B ARAZREIAR A CWFRK, RIEAEEZ KD KM
L AL . Epstein®™ b th T 8) hBpLFia  WAORITERG .

Vl:.\, ‘Z)ELeith[(’]X%HjT “%’fﬁ%%%’” ﬁif&fil@, ﬁﬁiﬂ%ﬁ%@éﬁﬁ?ﬁ%fﬁﬁﬁl%TﬁEj(EI‘ﬁihT%,
B B PE TR B N AR A R TR, B Tk Bee 7 O R AE R 3 A AR R A3 v, (LT HE LA A2 7K
TR B AES TR R R LR . KO TR S SCPUHR T 3K o 7K S0 B AR H AR 3 ] BLKE R/
1 TR i 5 45 R A PR R K SCRETRY R R N, AT B2 1
BEKS MR M TR R R . B ATRTAR B VA ek
Ja VAR J7E (Perfect Prognosis) ', B HI 45 -1

%™ (Hydrological Ensemble Prediction Experiment,

HEPEX) £ 1 KRG L o [H 1K SCEE 5 TR T ST

MAH B 2014 467 A 2185 B4 2014 59 A3 8 (Model Output Statistics, MOS) ", DU jyik
%———/ﬁ;% . w-l'ﬁck (1978—), Email: azye@bnu.edu.cn %o Schaake%[m]@%ﬂﬂ T%?ﬂﬂ%{#ﬁggéé\%ﬁ?&ﬁﬁ

TENZ & BRAAFFALIRE (41475093), FHRFZ Kb ¥R JVEEPP (Ensemble Pre-Processor) o AN SCKE%
FAA LS5 £ F4 (2013YB32), EHRKA FIEPP /7 14T I K 1 £ TR B A .

;}iiif—f—ﬂ'%(.]? A1 (2013BAB05B04 ) Y:EEF' IJ_{I , Zhao“s]\ Liu[m]%@ EZ%?EY&VEW}?,@?‘@\HT

Advances in Meteorological Science and Technology S&EHE#RE 5 (3) - 2015 | 57



]
= $ =‘-v

5
dvances in Met S&T

I 6 [ [ A B AR 0 (NCEP) #2455 1 A BR TR
(GFS) 5 B, WIGFSTiR HAT & (h v
H, JUHAE R RKIAN I TR E A R % o S IINCEP
FEGFSZE Al /3 R PE = 2 171.0°, 3 Hdsik £)0.5°,
BT LA k25 0 BT GES IR ™ i, FERIEIT Y £
IR TR R

KB AEWT SR TNCEPIR L GFS K L4 &
ik, FEREEREE: (1) GFSEWRAE kiR
BRI ? (20 WA BRGFS L (1) R 45 i
Z R A A A RMES? (3 HIERM
GFSFE 7K & 15 Refif 2 35 3 (R /K SR HEAf % 2 E 221
WETAE&Z: (1) GFSFE/KHRMATARE;  (2) 3
TR AR TR [ 7K SCEE B TR S [RIESP /7 72354 L o
1 BE/KETAEE SKTERIE /T
1.1 PEKTHRETALE

RAFMIA T S AOLI, T —AK
RARGAERA N BN = A . BUE RSB AT
PURSHf PR AN R ARG Rk A2, (B A LAV o2
TR K S R AR RS R A ) S b . A T 78 40 R
B RS TR AT {5 B, SchaakeZ:!" g T g iU 5
PRRERY . T U S 2R S R & 22 4E 77 SO0 5 [y 58 il
R GE A DGR i B F R . AR SR eh ) TR B K
LI B 7K AT AR G TR AR G, ARk 6h B /K RITATAE A
AT AR R R VAR R TR B K [ E 0 B 7K AH
KR ZE, MAESEN I F ., HARKE6~14
R IP) AT B 7K [FD R0 B4 7K A DGk v, RAEAT A Dy i
RV, B AR R 4R RN I T BN A5
B (mid, 3deE30d P4 pEK) o S
TROAREE5 iy A B 1 JELRELE T L g s UL 5 g BB S TR 1
REBEREVVEEMERE, REHERARREER
TRAR T WY PR AT BE LR o 56 T S 2R A (1) 4 B T T
AR HE B WL . HARTHE V0T LS 2% 5 2% 3
Hik[14-16].
1.2 SN TIERKER

Isf A5 49 25 /K AR (Time Variant Gain Model,
TVGM) J&Xial'""1989—19954F 2 ). Ja& —
S 5 120 2 ket R o A X I AR 8 2 K SRR Y
(Distribute Time Variant Gain Model, DTVGM) . A
SCAERE 254 BT IR S O I AR AT T R
E\{[ZI-M]c

KRG, PR AR A KSR IE (it
(A I S I PR i Tyl [ W ey =P L D
b, REE, WELE., R EPERRRR,
KE LR, K2 (hRES5EKE) 15

; E?f???%
3 52 00 B K KoK (GFS)
Gk M4 b
¢ 'R
it ST S e e *
7 *
# v X
[P RR TR W30 4) A %
e Ul
% l i
R IE 254k ﬁ
v g
TR X ) W08 4 P40 A <
I 'y
8 7K 2 T i 7
v
I3 K S A PR B TR

B SRR AR AR

TR (AR .
DTVGM7 fitf Rt — K B AL . s P it 41

POl AT R O RHOKE R HRARIAL
e AL
IRV TR N
P+W =W, +Rs,+E, +Rss, + Rg, @D)

A, PAHBENW (mm) , WhHTHES/KE (mm) ,
ENZEFR (mm) , R NHLEET (mm) , Rss i
i (mm) , RgMHUNARM (mm) , OB

Rk MUK HErh K H R 7K
RERIARN K B~ 7 mT £

B AW, = AW, + g (e e p,

WM, -C, (2)
+AW@~K}+Ep-K?+AW@,K§

K, AWR PRk EER A (mm) 5 AW, T
B LR (mm) 5 AW PRS2 LR
(mm) ; WM, Ny b)Z LW EEKE (mm) 5 uly
W Lup]s, RaR)ZLE: g Hg, &N R
T RS (0<g<l, 1<g,) , Hrhg htEEM
ER AR, g LHOKE W R, CHEE WS
s KoLK RS K9 NK R REG K,
AWK R

TCAE K SCRERS v [ B2, AR 29 A K S
B b, AR RS S 5L B S AN KU
RIS . A AR S T 25 5 30 ) I 285 1)
BEVE, R ST I RO W28 o 3 BSCI 1HT -5 Y] A 8

58 | Advances in Meteorological Science and Technology S&EH&#R 5 (3) - 2015



SR RBATICVE P A R Gt WA
BRI, W R R SE R
1.3 BiEfaHs

X T A AR AL 5 R R S 6 R AT DG AR MR
NASHZH R HNSE 55 A0 i 22 Bias — MR AR EAT 5
e HAPNASHACR REOTH AT RS
22 & T AR RS, AR AT A D

NSE = [1 Z-e) 0"):] (3)
>le.-)

A, 0,0, kS BERUE A ST . NSER&
NASHRACHR 240, HAATHEH0~1, 0RRHHURAIR
2, 1R AR — 3
2 TRRIEEESTHRS T
2.1 IERXRSHEE N

RO e AL R BR VTR I ) S, T T
) b, AARAET MBI S AR EEEH . |
SR K E IUHE ¥ ) R K TR 34097km?,  4F F /K B 7
1400~2500mm.2 [i1], 24 V-3 E1100m™/s™, Hiik
7 W2

MM E A FE L2 RL B ERELE . A28
PR 1956—20134F H /K 5 20t , 76 Cok ki
WATANS G i 2o R i 11981—2010
EHREEIE . 1981—19984E Ay /K g 1 28 i A A7 3t %
BE, FRIRA T [F]— A7 B . b A B A L2,

R THAR B K B K FINCEP A ) 4 BR Pl =
FuGFS. GFSHRIL T 1984412 1 H BIILAE 1) )5 il 5
THR AR KB . Al = M FR 10 . TR
HARKTde W= KRB E3h, = R If AP
Jy6h. GFSMH% A5 BN ILE2.

26N B B O
| 3 R Bow
!
. |
15 i
25°N4 [ B
A B
B GESH ?
— ‘
24°N| DEM I
. ‘
-1‘861
06 1138
L ! . =gy A
0 3 i ‘J—JI A%pu
1I°E 112°F 113°E 114°E 115°E

B2 migkih = E A E

Special % #

FH AR (USGS) 1 #x B DEM % 4
SRTM (Shuttle Radar Topography Mission) , 7;#f%
H3" o JEIDEMEEHCT B . B, Wl
KILEB HBFEE WG B, SR T 100km* ()
BIME, K R OR IR A 1424 iR
22EREHH

T SR FREK PR MEAT A TR AT AL R . 4R 4 TR
AL BEARE Y () 2 H0 3 S O K ) S B, e Ab BEE
h0.97, BB A LI B 7K B0 1197 Yo S e 55k 1 o 7K St
TE X AOBEAK o Ty A KL IR ] T GFS £l (¥ Hi
8d. 345 T GFSTIAR B /K AE —4F Ak H [RIRE0 F 7K
IAHDG R AL, SR 1B 2 1986—20084F 4x i dak 1) °F
SO0 % K 5 TR B K o JLTH AR V0 K 1986—2008
A R A R TR Bt R PRI B KT SEA SC R G T
HAREHCE I, FrCAER S S I7afE X, fRIE
TR R BT SENE . H B3 LA AT = K AR
KA HL0.6, LIABLAL AT = K10 B K TR UERA
HAE R AFEEHERMMCRBEILE 5.

[ 7K SR ImD I AH 5% FR 4

350 1
300 1
]

250 —

H9)/d

200
150

100

1 2 3 4 5 6 7 8
AL 1/d

B3 Tkskikitis B bk AR HHATEX R EL

IR GFS TR (1 B 7K [ I B 7K A O AR B
BAFERG % (El4—5) o FTUAHREIATE ST
AT R, T ER R G ZE A BE ] T IR SO, 4]
445 IR 2 AR BOKE RE. AE R LUE 4
UK SERUEEIPUSDENINE Sl ) iy TR i S v
FEFEAR L, 1T GFS FHL AU 1 B K R B KA1 —
SERGUNZE . KIS H KR RAESR AR, TF 5T
T2 2 o WL AU B A BRI T PP S EAT S vk o ANIRLS
FTLAE Y, AR A AL B S I R b 8 B AL T R s
GFSTIiR . (HEEH UL, MG RS NASH
RO BRSNS i 22 GF S Ji 4 TSRS A7 18 T
[L0E:SEenp G32 VR b5 USSR TR YIIE

TR S LI 5 S A K Kot ), B 1K 1986—2008

Advances in Meteorological Science and Technology S&EH&#R 5 (3) - 2015



TEBE

dvances in Met S&T

4501 [k i
400¢ — —— TR —— S ik ]
350}
g 300
g L
% 250
& 200
= 150l
100}
50F
0 L L L L L L L L L L 1
1 2 3 4 5 6 7 8 9 10 11 12
H
B4 %SRIEFE 2 F A F kT2
-
0.6
& 05
NG
;‘..K
£ 04
0.3
1 2 3 4 5 6 7 8
AL H/d
0.5
F 044
W
ﬁi 0.3
5
< 02
Z
0.1
0
1 2 3 4 s 6 7 8
UL I/d
0.3 .
U AT AR
0.25
#MWo02
E
£ o015
=
0.1 /_\
0.05) ——
0
1 2 3 4 5 6 7 8

PRI/

Bl5 kskikinis B bk T R e AR

LI A 7K 5 7t B 0 K SO R AT S 80U E - 7K
S BB H N RS BN S B P iU
ZHOE AN (2 Pig e, ME)EKg 0.7, &N
L1o WS BURIERE R R AR 0.05, AR A
WIAESRbR ST RR 74500828, AR A %0913,

FIXS i 25 —0.037 . WK SRR BE S AR A AL Kok
Wi s A AR AR T A . Il 645t T 19934F 1 H [ /KA IR
AL RE, ATEUE Y, B RERS AR G 0L 75 HH it
IKBPER R, ke S W LI RSSO IR WL — 2

14000 K N‘\‘\‘\““““ ‘“H\‘ \u“’\““ww‘h’pw‘lwr AN ” ‘u 0
I 120
12000 2
10000 N 10
< - -
g 8000} lso 2
= 6000 — s {100 ©
\ | %
= A S
S 4000) liso
1160
2000} 10
Ol T i Re—)
S N N S
O e S O
o= =R > N > R > N > N> N> N oS s N o}
323335333333 ¢
H 39 - -

[E16 "k SkigkiAtis b Ak AR A ML AR S 72

IKSCAE A TR AR AU SR T A B /K TR A
fiff e MEAE B AR G B /K A K SRR (RN o Ak DA
19934 4, ¥ 45 AR Ab B S 1) 22 A TR 1% K 4 4 1k
R NEK OB, AR MR E RS . BT
gy T ORISR IR 1993 4E TR AR 55 1 R ‘i FE 2k,
BT 1% . 5%MEHR S 99%o i 4 X6 W 1 it il BE
TE1%1599% DX 8] 5 A2 TR A Sk it it il 2 vl e 2B 11 X
(o BT XSRS — R TR A 2 M, BrbhzX
R i E S TR T I REA R [P 52 N

14000+
12000
10000
> - 0 % 5% Mt
g 8000 99% K. — ML
= 6000- -t T 1Y
2
= 4000
20001
= o o o L - = = =
)
A b ch b b b b o o T T T
N [N [N =3 N N [N [N =3 o @ o
(=)} (=)} [=)) (=)} [=)) (=)} (=)} [=)) (=)} D =) N
BEY]

E7 Twkikimigik & Rid 2

FEXT AR TR A, BATTAS T HE 1S 21 A K (1 W)
F7K o ESPJ7 V22K H [y 5 S R 4R Bl 3 22 4~ 33 B 7K
AR, A TR 7122 KA TR 1 Kok
2% 7K T sk £ A A B S VR A K SCRERS (RN . R K
SCAE A TR — N EE L H 2 TR LK . Kok
WA H BRI R S AT, 10% 5005060 W 1 H B
KR 14mm, K585 14mm 5K S 3507 B 3E 4T 560 10E
I3HT, B84 H T ESPHIL L GF SR 7K i N SN B2k
RABEGMK R TUUEH, KA T GFSF/K TR
ORI ) TR AR R I R L s, U 2—4
K, WERERS. BIRH T ARE LA
SRR MR, 2 T R TR B 7K AR L d Tk
FOUMEN . HAR G, T R TR R B A K

60 | Advances in Meteorological Science and Technology S&EH&#R 5 (3) - 2015



Special % #

1 0.25
& — HRARH
m 027 == MXRH
5
] @ 015
4 = ©
¥ = = 0.1
0.2 5 005
W& i
1 0 T T T T T T 1 0 T T T T T T T 1
1 2 3 5.6 7 8 1 2 3 4 5 6 7 8
LI/ T I/d TR IYI/d

18 PEIKEZE K T10% K = E R EBER BRI fEIR LB

s TR T GESPA/K S ESP T 45 B Fa bRt .
3 i

BE R UG TR A, o T A B R T
TR AR SCIIR A A L B T HESE ] o (R A RS
TG H 1) B KPR A Aff 2 AH S T /K SRR i SR AT AT
ZEBR, ABEELHENH] TOKSCIUR . AN TPk
E PR AT AR B ik, R R A AR P A B K TR
YR o A O SCRERY, - T A2 K SCER A5 TR

HRLAE OR BRI A S B IRE R (1) i
TR AT AR BRI R T ORHB 2 IO B K R I R Ge i 22, K
K T BRIUHR RS, IR T A5 R TR A
HENES RIBRES TR, (2) AAXTESPIT %,
KB AT AT AR B 1) B /K TR OBl K SO AT LUK
SR E TR IR L, JF4y T KSR A A TR ;
(30 AN T AR TR, R B R PR K K SCER 45 Tl
PRt 2 B ERRNE R, JFEK TR
AR R T

AN, A7 REE T R IR R 7K SCER 5 TR )
DM ARSIVAER L S VIS S St 20
SE

[1] A€, AR H0R o B9 R G2 11 77 % AL #2F  iR #E, 2010.

[2] #, ", BEM, & AXEGTBMAR S A LA, @A
5 AR R, 2014, 12(1): 93-98.

[3] Lorenz E N. Deterministic nonperiodic flow. Journal of the
Atmospheric Sciences, 1963, 20: 130-141.

[4] Lorenz E N. The predictability of a flow which possesses many
scales of motion. Tellus, 1968, 21(3): 289-307.

[5] Epstein E S. Stochastic Dynamic Predictionl. Tellus, 1969, 21(6):
739-759.

[6] Leith C. Theoretical skill of monte carlo forecasts (stochastic
atmospheric processes). Monthly Weather Review, 1974, 102: 409-418.

[7] Toth Z, Zhu Y, Marchok T. The use of ensembles to identify
forecasts with small and large uncertainty. Weather and Forecasting,
2001, 16(4): 463-477.

[8] Thielen J, Schaake J, Hartman R, et al. Challenges and progress
of the hydrological ensemble prediction experiment (HEPEX)

following the third HEPEX workshop held in Stresa 27 to 29 June
2007. Atmospheric Science Letters, 2008, 9(2): 29-35.
[9] BEAEAE, 4B, REFH. AXEETRIK B R EF TR AR F
# &, 2012, 23(5): 728-734.
[10] &, A%, T4 E, % FRES TR % ESP)EAFRFK
1 FOR o 9 L LB 2. K X, 2008, 28(1): 25-27.
[11] Klein W H, Lewis B M, Enger I. Objective prediction of Five-
day Mean Temperatures During Winter. Journal of Atmospheric
Sciences, 1959, 16: 672-682.
Glahn H R, Lowry D A. The Use of Model Output Statistics
(MOS) in Objective Weather Forecasting. Journal of Applied
Meteorology, 1972,11(8): 1203-1211.
Glahn B, Peroutka M, Wiedenfeld J, et al. MOS Uncertainty
Estimates in an Ensemble Framework. Monthly Weather Review,
2009, 137(1): 246-268.
Schaake J, Demargne J, Hartman R, et al. Precipitation and
temperature ensemble forecasts from single-value forecasts. Hydrol
Earth Syst Sci Discuss, 2007, 4: 655-717.
Zhao L, Bao H, Liu Y, et al. Application of a developed ensemble
model based on single numerical weather prediction in the Huaihe
River //EGU General Assembly Conference Abstracts, 2013.
Liu Y, Duan Q, Zhao L. Evaluating the predictive skill of post-
processed NCEP GFS ensemble precipitation forecasts in China's
Huai River basin. Hydrological Processes, 2013, 27(1): 57-74.
[17] Xia J. A system approach to real time hydrological forecasts in
watersheds. Water International, 2002, 27(1): 87-97.
ERM, BE, SR, . M R 45 A A O AR
7. HEA R, 2002, 21(6) : 573-582
[19] Xia J, Wang G, Tan G, et al. Development of distributed time-
variant gain model for nonlinear hydrological systems. Science in
China Ser D Earth Sciences, 2005, 48(6): 713-723.
BT, EMME, BE%, & A KRR SRR SRR B
32 24§, 2003, 58 (5): 789-796
EE, vh &P, TR A E LN 5o m XA SUEA
(1)—RAEJFTHG 254, KOXASF F H{(THHR), 2005, (6): 10-15.
R, BE, R R T T B R AR A 8 R R BUR TR
4 . KA % 4R, 2005, 36(5): 531-537.
[23] Ye A, Duan Q, Chu W, et al. The impact of the South—North
Water Transfer Project (CTP)'s central route on groundwater table
in the Hai River basin, North China. Hydrological Processes, 2013,
doi: 10.1002/hyp.10081.
sRE o, BE, ENBE 3T 5 07 W G oAl Rz gh IR AR AL
AR H# 7, 2006, 2: 26-28.
[25] Ye A, Duan Q, Zhan C, et al. Improving kinematic wave routing
scheme in Community Land Model. Hydrology Research, 2013,

(12]

(13]

[14]

[15]

[16]

(18]

[20]
[21]

[22]

[24]

44: 886-903
[26] JE = €. 6 R bR AKE K I AREAT. )T ACH K&, 2002, 3:
36-39.

Advances in Meteorological Science and Technology S&EH&#R 5 (3) - 2015

61



