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Abstract: A framework of dynamic user-oriented interactive forecast system is proposed. The new-genera-
tion forecast system contains an initial user-end module for configuring the dynamic forecast target, the
physical predictive, downscaling components, user-end professional models, and a user-oriented assessing
module in association with decision-making at the user-end. A case study involving application of current
global ensemble forecasts (TIGGE) of rainfall for hydrological users in Linyi, a region rich in rivers and
reservoirs in eastern China, is conducted in order to highlight interactive involvement of the user-end infor-
mation during forecast process. An iteratively self-improving forecast system, involving changing decision-
making information throughout a flood season, a changing threshold for flood-leading rainfall depending on

previous weather and concurrent hydrological conditions, and a dynamic user-oriented assessing process of
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concurrent skill and uncertainty of the prediction, is built up. It is demonstrated how a forecast of flood-

leading rainfall leads to a better warning signal for the user with interactive involvement of the user-end

than without.

Key words: user-end information, user-oriented, interactive forecast system, TIGGE (THORPEX Interac-

tive Grand Global Ensemble), ensemble forecast
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Fig. 1 A schematic user-oriented

forecasting system
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Fig. 2 Schematic relationships between basic

modules of a user-oriented forecasting system
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Flood Limiting water level (FL); Flood Permissible Maximum
water level (FPM); Flood Warning Maximum water level (FWM) ;
Flood-Leading Rainfall Threshold (FLRT); Grand Ensemble
forecast on specific rainfall threshold (GE); Observations (OB)

3.3 HMBERIN

JH P i XU B 5 8 25 7 SRS 7 2 1) 1Y
ISR WIBES X% 8- T DEE DRl AN 5873 & H Y5
U0 A 19 1 P DU 2% 2R 8 45 1 S T A AR e vy

DX 531 PRk T S AR R bR R SR 23 B A
AP RIS, ke SR A5E Bk DAy T s 57 90 i U 2K ST 58
H AT RGN — Lo 25 R W% RGP S L 4
PR A D53 o D g RS L A 2R R BT S BE Y
{5 R AT 300 52 0 T DA = T R 7 DX K R K



656 A

% 937 %

A5 24 2 L I 30 e RUJRE 0 512 B Iz 1 4 B 9 T2
BATHIE,

WFFEA) 2L B 2008 42 7 J] 9—26 H H[A]
F18 A T A e AR I 0T K SC T P TR B T T A 1
LA SOK 3T TIGGE = K whoo 1Y 5 4 B 7™ i
(CMA.ECMWF.NCEP K = K . 1) 8 4 & Bk
7 ) X2 B ) P B U X R Sk 1 H Ay T BE B0t
ok T 2F A7 ARE 38 LA

—_
(=] o
T

60| e
~

= 50

tiE{,L 40+

e

i 30 — T

< —

2 e FLRT

F T 38 A 7K P TR T8 R B A% 7K SR S S B
FH P Jry b DX 501 3 TR AR 0 AR SC 32 2 DA U 7K Sk
R 7K S 0 oy Rl 3 B8 i 3 5 ) W L 5 TR 4 R
A7 EEXF o MR I 5 e W s 20 (D B TSR 3 L R
W5 RN AE 23 HORT 24 HAE] 60 mm (R {E , A
it FLRT g 50 mm « d ' JH4% H 30 mm » d~ ', 52
br b FLRT 17846 A3 B4l H A 19 3h 25 22 46
PR CINE 6 fiR)

W
(=]
R AYTRE A R 4/ mm

0
7-9 7-10 7-117-12 7-137-14 7-157-16 7-177-18 7-19 7-20 7-21 7-22 7-237-24 7-257-26

IR/ A—H

B 6 YT 2008 45 7 H 9—26 [ I 18] A4 A 5 i T A
AH L 14 AT fe 0L FE K B
Fig. 6 The effective preceding rainfall and FLRT,
9—26 July 2008, Linyi Basin

W X FER 25 B A T BE BB B K HiL A R S
SERGOR: 7 A 23 HAR% E M B AT fE
TR KA R FIRAL R 0. 2 (& Ta) . 17 % J& JH P it (5
SRR R A 0. 48 £ 45 (& Tb) . 25 1 i
S TR R TR R P B, 506 YT
b IX AR I 0T EE R B 2 R P i A B Y T AR
XU H KA A kg A B 5 G T A S i T K SR
JRT DAAR A 32 T4 45 SR 30 A7 A0 1 19 9 TR 5 28 A .
XTE—E R 1 UL 5 R R P AR B AT BE B0k R
JK AR A6 B P o TR R SR A Bl S (T
7a,b),

TIPS, N FLRT Fi4R 3 P ok 25
Fe AR AT B B AS B 2 IR 16 FLRT MR 95
AR A BETE R 2 T S 4 v AR B v R i S
i3 2 PR P o A A S R E 1 TR AR L BRI
H AR A 1R 3t 53 BT B B T4t DT 42 o 4 2 P
Ui (4 TR AN B . 3 i 45 09 38 49 s T 1 16 )
FA P B B ZR 48 10 5 1 A S 9 3 2o 5 1k 1) 0
25 R Xf LA B B P S R . SRR P R
AT FEA M R 2R W e B o B & ST

T RS R S 22 7% B i XU R SR ) R
FH P HAR B DR SR o L 2 e 0 58 383X — T 5 1)
AR R 4L

4 giie e

AR ST A P 8 3 1) (89 SR 00 28 G2 K e &
oo SRR AR B 20 M S B P i SR
FEI] 2P R L H A A 3R 3 D) RE Y B A I AR
G 4R RGP i G B 2H B B S LA L O R Y
oo LAGI A 07 04 K oK S50 D H AR B0 S AR 40 X
F P SR WF 22Xk A T — A RAI U 7k SCH
FUNR RN RG] EEAEA

(D fERT AT FE R 26 B R F s T LU
S S 1) ) A2 L AORE AR L i b LA 1Y S B 2 R
B s E 0 BLAAHT P B0 S 38 W R Al B R T
) B AR R G AR kAR RO S e
TEHT B TR R G T (9 XU PR 58 75 SR A S 45 R
B the i A5 TR T8 ORI 25 2R 0 B O 5 P
) A5 BUAR PP Al Sy 2t TR AR 48 B ARl



6 ERAE DY AR LU O e ) 9 32 L ST AR B R A Y 657
0.6 410000
(a)
0.5 CMA 18000 ©
= ECWMF .
3 0.4¢ NCEP g
% == GE 16000 I
& 03 —— 12 Ej
& 14000 =
£ 0.2 &
T 1xI
=
0.1 12000 &
0 I\ I Lm W L L L L L Hwm II\ L L L | W |- 0
7-9 7-107-11 7-12 7-13 7-14 7-15 7-16 7—17 718 7-19 7-20 7-21 7-22 7-23 7-247-25 7-26
ftial/ A—H
0.6 410000
(b)
2 [ CMA 18000
# == ECWMF -
£ GE z
2 0.4 S
&: —N(}EP 16000 g
= —— i I =
& 0.3f sy
2 i
= 14000 m
0.2t | #
[xI
=
- /_/// IR
0 I\ I e W L LW o Hm I I\ L L L I\ - 0

7-9 7-107-117-12 7-13 7-14 7-15 7-16 7-17 7-18 719 7-20 7-21 7-22 7-23 7-24 7-25 7-26
itiEl/ A—H

B 7 2008 4E 7 A 9—26 H Iy X, CMA,ECMWF,NCEP 4 & 4R .00 #l
4R B AR X AT R S80I A W AE 2R TR 5 0 T X H ST B AR R B R
Ca) F1 (b)) 43 51 2 5 25 SER 25 P8R P o S 4kt 15 19 100 T 45 81 (49 7T RE Bk g 7K
MER TR A, SRRV EZEBAPEEZE.7 H 23 A AT GEBGL W
BER I 0. 48 7247 BT i TR 25 A P E B TUHRAER (IKF 0. 2),
X7 H 24 H R AT B 5 R AR

Fig. 7 Forecast of the probability of flood-leading rainfall events as a

flood-warning precursor in Linyi during 9—26 July 2008, based on CMA,
ECMWEF, NCEP and grand ensemble products from TIGGE. (a) and (b)

show the forecast results without and with consideration of the users’

information respectively, and the forecast results of Fig. 7b exhibit a stronger

precursor warning of the floods on 24 July

(2) 254 U 7K SCHT P B A RS, phe 38 5 5K i
T8 T BE B R K 1A 0 B R T LAl I 7K 3C
R O 5 1o (9 58 LK PARAR Y . S A P S
SREIWR R G0 B AR BCR L 0 5 B OB
TN LB S VAL TR 45 A B T AT 4 OF R Bk O AE
A Bk TIGGE 7 il & Ji& W F 1 J5y b K SCRT P B TR
PSR ST T 0 L B A BR R G R T — A
E(ER(P

SRR R ) SCHOR A A S AT REBCHE
R R BIBEAR (FLRT) 4k KL T TIGGE &5 3y K
PR RBE G AT o SR 45 — e i RUBE B SO TR] Z Ak

T B AR P A R W AR A A R S A A
P H bt OB A SO 7 AL R e B & T 3 A4
FLRT BfED) . 52 52X AY 5 S0k 3R B AE Bl i ad 72 o
MR R Z 5 AnBUE Bk H AR 3E | fE R
B DX I B B, B Rl M 5 B A S BB ) DA K
E T RO T P s 0 T 41 245 2R 1) Bl 25 PF A A
5% M FH 3 25 PG A5 5 BT P Al 1 3
T2 P S (4 LK o 3 0 1E 2 58 B AR R 48 i
SESR 9 T R TT e G A [l 31 1 758
AR A HLE

B VLRI O S 18] g W00 AR G I B 2 o2 B



658

-
U

%

3Tk

Z U T EALHE NSO 2 DR A R S LR
G AR KSR A R A S R R 2 g . H
AT » 22 58 4 SC B AR I R G0 1B A7 AR 22 R X 51 4n
A GE T i RN A WA X P R SR B e
55 ZRGMSHEZA B Wik 5 B A — PR R
S8 . NI A SCIR KW AR 22 05 AR BUA BEEOK
PR CRATIETER . B S BU  T BR RS
AR EE .

B HF g A R R UT G K S K R T L B 35

L 500 36 00 98 2 E v 8% R O O B 1
B9 B R SC i B o 2 T 95 % R

&% ik

(1]

(2]

(3]

[4]

(6]

(7]

(8]

9]

L10]

[11]

[12]

R RERE. ERIRPOESTERBE BRI S A5
1R S B R ILT ] PR ZA4R . 2002, 13:1-15.

Shapiro M A, Thorpe A J. THORPEX International Science
Plan[R]. WMO, WWRP, document, 2004, (available at ht-
tp: / www. wmo. int/thorpex/publications. html).

Palmer T N. The economic value of ensemble forecasts as a
tool for risk assessment: From days to decades[]J]. Q J R
Meteo Soc, 2002, 128.747-774.

Ritchie ] W, Zammit C, Beal D. Can seasonal climate fore-
casting assist in catchment water management decision-mak-
ing? A case study of the Border Rivers catchment in Australia
[J]. Agriculture Ecosystems and Environment, 2004, 104;
553-565.

Dessai S, Hulme M, Lempert R, et al. Do we need better
predictions to adapt to a changing climate[ J]. Eos Trans A G
U, 2009, 90:111.

Georgakakos K P, Graham N E, Carpenter T M, et al. In-
tegrating climate-hydrology forecasts and multi-objective res-
ervoir management for northern californial J]. Eos, 2005,
86:122-127.

Stewart T R, Pielke R, Nath R. Understanding user decision
making and the value of improved precipitation forecasts-Les-
sons from a case study[J]. Bull A M'S, 2004, 85:223-235.

Morss R E, Wilhelmi O V. Downton M W. et al. Flood
risk, uncertainty, and scientific information for decision mak-
ing-Lessons from an interdisciplinary project[J]. Bull AM S,
2005, 86:1593-1601.

Morgan M C, Houghton D D, Keller L. M. The future of me-
dium-extended-range weather prediction-Challenges and a vi-
sion[J]. Bull A M S, 2007, 88:631-634.

A E YR EURTRI AL RSk I R R AR B AR R LT
K 4,2006, 32:3-8.

Demuth J L, Gruntfest E, Morss R E, et al. Building a com-
munity for integrating meteorology and social science[]].
Bull AM S, 2007, 88.:1729-1737.

Stone R C, Meinke H. Weather, climate, and farmers: an o-

[13]

[14]
[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

verview[ ] ]. Meteorological Applications, 2006, 13;7-20.
Buizza R, Hollingsworth A, Lalaurette F, et al. Probabilis-
tic predictions of precipitation using the ECMWF ensemble
prediction system[]J]. Weather and Forecasting, 1999, 14.
168-189.

FE A PRIR A BERMAELT]. A4 .2004,30:3-5.
Gneiting T, Raftery E A. Atmosphere science: weather fore-
casting with ensemble methods[J]. Science, 2005, 310;248-
249.

Mylne K R. Decision-making from probability forecasts based
on forecast value[ J]. Meteorological Applications, 2002, 9
307-315.

BRAENE . T2 . 7 — AU TR R ¢ GRAPES B 5¢ # Jié
(J]. BLFS % 54, 2006, 17:773-777.

CI NG S =3 1 el S S P 8 R A A G T
GRAPES iy & e [J]. Bl il , 2008, 53:2393-2395.
Cunderlik J M, Simonovic S P. Inverse flood risk modeling
under changing climatic conditions[ J]. Hydrological Proces-
ses, 2007, 21 563-577.

Fowler H J, Blenkinsop S, Tebaldi C. Linking climate change
modeling to impacts studies: recent advances in downscaling
techniques for hydrological modeling[ ]J]. International Jour-
nal of Climatology, 2007, 27.:1547-1578.

Balint G. Csik A, Bartha P. et al. Application of meteoro-
logical ensembles for Danube flood forecasting and warning.
Transboundary Floods[J]. Reducing Risks Through Flood
Management, 2006, 57:57-68.

De Elia R, Laprise R. Diversity in interpretations of proba-
bility: Implications for weather forecasting [J]. Monthly
Weather Review, 2005, 133:1129-1143.

Casati B, Wilson L J, Stephenson D B, et al. Forecast verifi-
cation; current status and future directions[J]. Meteorologi-
cal Applications, 2008, 15:3-18.

KR E . B E 8200 o F R 9K P R A% 5 1 B R L3
M BE e LT ]. RSB, 2008, 32:815-825.

XAV SR AT b K T K SOREAEUAS 1 o P 5
Srpel)]. vk, 2006, 28:519-525

AN FRZMR. N AR KT I 57 I R T A A S 3 B 5
[J0. /KFRE2EHEE, 2001, 12:516-522.

E, WM, Z W A BTN ZENE Bl Y Il R S R A
#[J]. PEALE, 2003, 25:14-18.

Van Andel S J, Price R K, Lobbrecht A H, et al. Ensemble
precipitation and water level forecasts for anticipatory water-
system control[ J]. Journal of Hydrometeorology, 2008, 9:
776-788.

IR F LG BRI, 2002—2005 4R T213 ${H K K Tl 4
PR RLT]. B, 2006, 32:70-76.

TR 3. BT E K 45 it i A TOPMODEL 8 4 ) 9 37k 3¢
WAL K JE 5 Noah LSM HYFE & BF 5 [ D], I Lk 3¢,
2009, 79-83.



