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Fig.1 The application model with platform as its core

(5) ek Ae b S 2 IO R, S v 5 LAY S Hi 2 M) 2 ] o s Rl PR T

R EEAL” R R R E R AT (Analysis ) R K T , HIEASE SO ARG —5E B AEAR
WERNTT vk P AN TR 25 18] AN ()RR 1) R FAS RTS8 - BEARAT (4 WL i 5 B B R HLAS 5, WA GE— 0BT
5 iR R G0, @SS A B MR R AL OC R e IR A AT S B R B AR e ha g R
S T S AR AL P A [RTRSS SR r ) SRS 2 s mT L s R AR 200 Ak P, 1) s 7] 4k
TR T A FIR RE i OULIN Kbl 6 35 O A 2815 8 B v Rk ke B 5 T AR SR RO PERE. A A J A Kcdls
R IEA IR Z Rl 2N IRTTE (BRI W34  Blending ¥ Nubging 2 R /R & 1% 284y
PEBEIE . DL E 50 CAE G AN P A AR 2 T2 R 202 KAk rh A 3 2.

ol 55 1S R RV AR B2 Y H A AT i, I HAR LR RRAR I8 15 5 IUHEIEFE 0] LU H e i 1
Y55 0 AR BESERM S s BRI v A R B Rl 55 LT AN REAS LR 5 B 237 G aed ol 55 17 P AS: 56 1R
FERTFE R AT SR, Brer R ZORYLBEAF AU RE S H— B 2, REE P IR | T 2245t fEm 1) B 8 5K
REAE A, FA MR Z TR P =s UORK Z T AR A iy FEA UERR SE VRN TS 2 |, Ul R 4t
S AT AN BERR S (R . R e S 2 i A B P SR B, O R SR A B B LA A ) o
AL BT IC o 28 HE BT R,

3 EW ARG AR FEE E A

B PR AR R GEH B, Y R 0 3R R i (7] 32 AL 45

(1) BUPBRUATENE RO R AHE PERT T B ST, B 7 T S W] i K Y U AU RE T 2
RAREE P45 Bt A AR A3 0 A 4. 25T 07 445 < 5208 R B 0L A5 AN s M Tk I
s BRI AR AR S A 2GR T 12 5 o A Y T B AR 9 DU 2 3R 3 B U o o T 491 7
WAE.

(2) WU F BRI Bt e A8 O A LT A SRR B A2 2 Bl | F 5 TR AU AU R L 4L
P BREOA | S ek 2 2 Bl v S5 IR A T VTR S5 B AR T G B 45 51 5 R Bl s WA R

SCHLERGAR (DEM i Bl A IAE R B B B IR £, LA RS T I S S S PR R A O R T 5 25
SRR,

(3) PRI R R TN A R I R I S IR S5 B TR B0 - AN [l A/ 2 [ U 1 s S RE RS 20



10 KoOHooJk B T R ¥ M 2012 42 A

[

FHBIRSE (Ansge ™= i -5 W U R AL 3 5855 ) s AR - A - T 45 22 b s RUBERSE R ) XL ) A 5 B R s SR Ak
BRI AT R EIT A BT TR G/ 3 = i 55 BoR 4%

(4) RIRGIEPE M =L/ PIAEA 7> R BRI F AL T 0] 5850 F 45 2 i/ 1o WL S 30 | 2R 4%
AR MRS R 1 A 8 el 7Y | D/ N ORI R+ B 2 [ 1915 22 5 7 5 AR e 43 AR s e 00 00 44
SR A) SRV SR T TE BRI 58 4215 B T /K SGHE AR FRors 2

(5) FE TP B IR A R AT SR R R B UM TR I a6 o 3 S92 9T 7 X 0 U0 W 1 45
A BT B — SRR ST U 2 T LS B R AU R B SR A ) A R A YT I S AR R
S AR DG 1 AR ) T A R UL A S A B 5 A () R E S s R AT i | 35 A T
DA A 5 5 B AU T IO SCHR S FL AN S AR ST B A A A VAT I AR G R 0 B 5 3 5 e 5 5K
BT S S A IR S0 1) A2 i P 46 15 SE (R BAL R B, 2 T PERETHIY T AL b ~e P Rl R #g
A LTSI 1R S S 2R B P R BT PR 5.

(6) IKIGIR S Z W i A% it Be BT E AR ARk SC 5 M3 AR AR DG R A 9 M it fb 23k 5 ¥ + s 5t
AR A R b AR S AU T R T s BT V05 I D o Rl o R AR LR BT I RS 5 2K i B - YR T %
— ] PRI 8 A H S ASTAU B8 5 AR 5 Y 3 ] A2 Al e AR AL B AL I B 0 5 5 TR YD ik v i R AR A
L AEAUTTIEDTIE 5 i S VO IRKIRE T AN (R 28 Ja 75 Y 1y F) T e 8 | O R e VB R 3 i oo e S AU T 2k T
FE 5 KRR AT BRI B AR A A e AU T 12 5 K PRI R E UL 5 DI AR 5 PR 25

& £ X #.

(1] FRE. BREKk-S-2FRAGSEGEHUs [ M]. dtat, Bl H sk, 2009. (CHENG Guo-dong. The integrated
pest management of water-ecological-economic system in Heihe River Basin[ M]. Beijing: Science Press, 2009. (in Chinese) )

[2] 2550, BEEPR. JURRAOTTE T AN A R G B ()], HERBL €, 2008, 23(7) : 756-764. (LI Xin, CHENG
Guo-dong. On the watershed observing and modeling systems[ J]. Advances in Earth Science, 2008, 23 (7); 756-764. (in
Chinese) )

(3] 2%, BERMR, BRI, 45, B RIS 5ok 3. BEAUAERL[ )], HuskBl =k, 2008, 25(8) : 851-865. (LI Xin,
CHENG Guo-dong, KANG Er-si, et al. Digital Heihe River basin. 3 : model integration[ J]. Advances in Earth Science, 2008,
25(8) : 851-865. (in Chinese) )

(4] Tk, XRE. BFmBHEAIIM]. 6. Bl RH:, 2006. (WANG Guang-qian, LIU Jia-hong. Digital basin model
[M]. Beijing: Science Press, 2006. (in Chinese) )

(5] TObdf, Zpkl. SRR ]]. P EBHEIESCEL, 2007, 2(7) : 492499, (WANG Guang-gian, LI Tie-jian.
Digital Yellow River model[ J]. Sciencepaper Online, 2007, 2(7) : 492-499. (in Chinese) )

[6] Eif, SIS, Fate, 55 B UK B S AT AL e [ M. Jbst: Blea it 2010. (WANG Hao, JIA Yang-
wen, WANG Jian-hua, et al. Study on the Yellow River Basin’s water resources and their evolutionary laws [ M]. Beijing:
Science Press, 2010. (in Chinese) )

(7] i, eEfe, ST, 45 SUUKSOK B IRSAPHA R RO SE i A i 1], KRR2EERE , 2010, 21(4) : 479-489.
(WANG Hao, YAN Deng-hua, JIA Yang-wen, et al. Subject system of modern hydrology and water resources and research
frontiers and hot issues[ J]. Advances in Water Science, 2010, 21(4) : 479-489. (in Chinese) )

(8] UWek4s, HEA, i KR BB IR S RE[]]. KFES/K TR, 2005, 16(3): 1-5. (YOU Jin-jun,
GAN Hong, WANG Hao. Advance in water allocation model and prospect[ J]. Journal of Water Resources & Water Engineering,
2005, 16(3): 1-5. (in Chinese) )

[9] FKFIFREIAKANZE 0145, T8 TR Bl R e e R [ R KRN . 7K R T 7K R 25 51 2%, 2009.
(Yellow River Water Conservancy Commission. Report of the mathematical simulation system construction of “Digital Yellow
River” project] R]. Zhengzhou: Yellow River Water Conservancy Commission, 2009. (in Chinese) )

[10] ME € ARAAESELIFK T RETFE [ D], ma . WK%, 2008 8-10. ( YE Su-fei. Hydraulic characteristic study

on double-pore outflow of pressure box culvert[ D]. Nanjing: Hohai University, 2008 8-10. (in Chinese) )



5513 ROTR, A WL R G R T ) B SRR R 11

[11]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

THE, BRFE, Tl EASMEKE A0 BT R B R R C / h E R EBEROR BB IR 58— =k
ARV CAE B FERIH & AN ) 16 3C8E, B, 2006. (NING Jian-guo, MA Tian-bao, WANG Cheng. Research and
development trends of simulation software for explosion mechanics at home and abroad[ C] // Proceedings of Twenty-third Meeting
of the Academic Report/Forum on Science and Technology of China Academic of Science: Development Strategy of CAE
Independent Innovation, Shanghai, 2006. (in Chinese) )

HIRR. YIRS ERBIE RS &R B[ EB/OL]. (2009-11-27) [2011-10-08] http: // www. cntech. com.
cn/news/media/2009 — 11/Multiphysics-Modeling-Trend. html. ( HU Zhen-dong. Research and development trends of the
coupled technology of multiple physical fields| EB/OL]. (2009-11-27) [2011-10-08] http: // www. cntech. com. en/ news/
media/2009-11/Multiphysics-Modeling-Trend. html. (in Chinese) )

BN, EWELL. R E - AR A S SR (M. dEsT: TR AR, 2006, (HUANG Liu-ging, WANG
Man-hong. New software engineering: a component-oriented approach[ M]. Beijing: Tsinghua University Press, 2006. (in
Chinese) )

TR, BAREZE M), Jeat, AR E A RA ], 2005. (HUANG Liu-ging. Software parinirvana[ M]. Beijing: WPC,
2005. (in Chinese) )

ANPLREE - RAAKs, PHEWr - BAA%. RERITH—MIEI[M]. sk48, T, % duet. ERREFE B, 2005.
(WEINBERG G M, WEINBERG D. General principles of systems design[ M]. ZHANG Kai, WANG Jia. Beijing: Tsinghua
University Press, 2005. (in Chinese) )

FEREN - TR AR R BRI [ M. REEAR, 0, A, B BN EmRK A AL, 2004.
(WESTERVELT J. Simulation modeling for watershed management [ M ]. CHENG Guo-dong, LI Xin, WANG Shu-gong.
Zhengzhou; Yellow River Press, 2004. (in Chinese) )

ZHN, W, sk, 4 PEBFEREIM]. et B Tk kL, 2009. (LI Ji-ren, PAN Si-bing, ZHANG
Jian-li, et al. Digital basin of China[ M]. Beijing: Publishing House of Electronic Industry, 2009. (in Chinese) )

R, PER. KFGEEALEA ERRS 6 K AR T]. KRG B4, 2010, 10(4) . 18-23. (XIE Jian-cang,
LUO Jun-gang. Integrated service platform for the information explosion process in water resources industry and its application
pattern[ J |. Water Resource Information, 2010, 10(4) : 18-23. (in Chinese) )

T, DAk, Xsiis, A5, DUZRZE B0 RGeS L M i BB T R A B T [ €/ (R TR AR W22 )
B, WELIRLT X AR08 S, LRt I ARFL, 2002, (HAN Gui-jun, MA Ji-rui, LIU Ke-xiu,
et al. A study on the application of 4D-VAR data assimilation for a non-linear numerical model of tide[ C] // Preparatory Group
of Special Academic Exchange. Proceedings of China Exclusive Economic Zone and the Continental Shelf Survey, Beijing:
China Ocean Press, 2002. (in Chinese) )

T, XUEA, JTFRIRL. B R e AR SR rp g R A SRS ()] s ERBR =R, 2007, 22(10) : 989-996.
(WANG Hui, LIU Gui-mei, WAN Li-ying. Review on the data assimilation into marine ecosystem model[ J]. Advance in Earth
Science, 2007, 22(10) ; 989-996. (in Chinese) )

O, W, Ealg, % Y RRREIEEEEE ALK —SE T Lorenz(1960) REERIBITE[T]. TR, 2004,
24(4) . 413423. (FEI Jian-feng, HAN Yue-qi, WANG Yun-feng, et al. Data assimilation test on the extended Kalman
filter—the study based on Lorenz(1960) model[ J]. Scientia Meteorologica Sinica, 2004, 24(4) : 413-423. (in Chinese) )
Az A, WA, A AR A A A A S O s R A [0 ], KRR EE R, 2008, 19(2) ¢ 224-231. (YU
Yun-li, LAI Xi-jun. 2D horizontal unsteady flow model for assimilating remote sensing water levels[ J]. Advances in Water
Science, 2008, 19(2) : 224-231. (in Chinese) )

WH, AL B R/RE BB EE R R R[], M AR TR A5 FARRRAAR, 2008, 9(1) : 85-
90. (HUANG Yong, WANG Ying. Application of shallow water model by use of ensemble Kalman filter data assimilation|[ ] ].
Journal of PLA University of Science and Technology ( Natural Science Edition) , 2008, 9(1) : 85-90. (in Chinese) )
JEREAE ) 2RO, JANERE, S R UM B SR A A S R IR [T ] S A BBk, 2000, 25(1) ¢ 18-21.
(GONG Jian-hua, LI Wen-hang, ZHOU Jie-ping, et al. Exploring conceptual framework and application of virtual geographic
experiments[ J . Geography and Geo-Information Science, 2009, 25(1) : 18-21. (in Chinese) )



12 KoM ok BT O BO% M 201242 A

[25] et JAIVARE, SRR, MBI IRPREEOT ST S IS HESE [T ], HuERBb RS, 2010, 25(9) : 915-926. (GONG
Jian-hua, ZHOU Jie-ping, ZHANG Li-hui. Study progress and theoretical framework of virtual geographic environments| J ].
Advances in Earth Science, 2010, 25(9) : 915-926. (in Chinese) )

Development of numerical modeling system for
river basins and critical techniques

YU Xin', KOU Huai-zhong®, WANG Wan-zhan'
(1. Yellow River Institute of Hydraulic Research, Zhengzhou 450003, China; 2. Yellow River Conservancy
Commission, Zhengzhou 450003, China)

Abstract; This paper introduces the state-of-the-art developments of the integrated model for the Heihe River
Basin, the digital river basin model, the human-nature evolution modeling system and the Yellow River numerical
modeling system in terms of developing philosophy, mode, quality control, model integration and support system.
The systems are used mainly for coupled modeling of water-economic-ecological processes, and are made by
integrating of modules in an intensive production manner. Efforts in their development focus on both scientific
evaluation of the models involved and construction of environmental facilities suitable for and open to further public
developments. Techniques such as multi-sourced data assimilation and parameterization are applied in the systems.
Besides, the paper shows such technical problems needing to be addressed in the future as modeling uncertainty,
model evaluation, high efficient save of, access to, and visualization of complex data, model integration for cloud
computation of the large-scaled processes of multi-disciplinary variables, 3D/4D variational data assimilation,
experimentation based on interactive digital and physical models for rivers, water cycling, transport of multiple

agents and modeling techniques.

Key words: coupling modeling of water-economic-ecological processes; module assembly; quality control;

comprehensive integration environment



