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Reservoir Real-time Operation by Coupling Distributed Hydrological
Simulaion and Ensemble Precipitation Prediction

Abstract

The accurate high-resolution forcing data are usually difficult to obtain. The uncertainty
of forecast information hindered the process of real-time reservoir operation. The aim of this
theis is: 1) to assess the applicability of a global dataset in basin scale; 2) to handle the
forecast uncertainty by using ensemble approach; 3) to develop an ensemble prediction-based
reservoir optimization system. Main results and conclusions include:

(1) A hydrological model (The Water and Energy Budget-based Distributed
Hydrological Model, WEB-DHM) was established in a semiarid river basin (Fengman basin).
The water (discharge) and energy (Land Surface Temperature, LST) cycles is simulated from
2000 to 2006. It was concluded that the WEB-DHM is able to predict water and energy fluxes
accurately over the Fengman basin by comparing with measured streamflows and
MODIS/Terra (Moderate Resolution Imaging Spectroradiometer/Terra) LSTs.

(2) Because accurate high resolution atmospheric forcing data is difficult to obtain for
most cases, the applicability of GLDAS in basin scale water and energy budget study is
evaluated. Main results include: 1) the GLDAS is of high quality for daily and monthly
precipitation, 7, monthly R, 4, while it overestimates monthly Rj,,s; 2) the GLDAS/Noah
agrees well with the verified WEB-DHM and JRA-25 in terms of LST, upward shortwave and
longwave radiation. While the net radiation, evapotranspiration, latent and sensible heat
fluxes modeled by GLDAS/Noah are larger than WEB-DHM and JRA-25 simulations in wet
seasons; 3) the basin-integrated discharges and evapotranspiration can be reproduced
reasonably well by WEB-DHM fed with GLDAS forcing except linear corrections of Ry, 4.

(3) A multi-objective (the upstream and downstream safety, and water use) real-time
reservoir operation system is developed by using deterministic rainfall forecast obtained from
Japan Meteorology Agency (JMA). The efficiency of the WEB-DHM model is improved by
63% comparing with the original WEB-DHM model. The SCE-UA (Shuffled Complex
Evolution developed at The University of Arizona) is applied to optimize the multi-objective.
The dynamic penalty function is applied to solve the multi-constraint. The results show that
the system is able to optimize the objectives by evaluating the system for the three flood
events (2001, 2004 and 2005).

(4) The ensemble precipitation generation method proposed by Saavedra et al., [2010] is
improved in order to describe the uncertainties in NWPs. First, the precipitation forecast error

-II -



R TR 2R 5L

is described by using the normalized evaluation index. Second, the definition of QPF
perturbation weight is simplified by using mathematical functions instead of using proposed
zones and a look up table. The ensemble QPFs generated by EPROS are comparable to that
obtained from JMA by measuring their performances using CRPS (Continuous Ranked
Probability Score) and RH (Rank Histogram) on 2004 and 2005.

(5) An Ensemble Prediction based Reservoir Optimization System (EPROS) is presented
in this study by coupling ensemble hydrological prediction with reservoir real-time
optimization. The EPROS system has been evaluated on Fengman reservoir for the flood
events in 2004 and 2005. For both events, the ensemble based streamflow predictions
described the uncertainties of single prediction effectively by generating multiple (e.g.,
30-member) streamflow sceneries (water levels, reservoir inflows). The system’s capability
was evaluated under critical situations. The system is not sensitive to the ensemble sizes. The
system is of high efficiency and easy to operate. It can provide reference for practical
operation.

Finally, the summary and further directions are given.

Key Words: Water and Energy Cycles; GLDAS; Ensembel Prediction; Distributed
Hydrological Model; Multi-objective Reservoir Operation
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PG (R RRURG E IO TR b, S5l 1) 7 ¥ 3 R A £ K S 5 1 A B 2Ry N0
SR, IR R A, BRI, MERA 0 A e LR . R,
1BV EETF R 3K SRS FE 2 s B9, DA A AN 7] X 380K SCRADA 1) 75

FL b € Bk Hh # B 7] 1k 248 (North American Land Data Assimilation System
(NLDAS) project ") JF % () 4= ER i Hh 3045 [F11L. R 48 (The Global Land Data Assimilation
System, GLDAS 1) A& 1 Hu i WL R 1952 3% O, I8 il 5 B R 4810 (land
information system V) [JEREN T, IKEhEZ A SeHERIRERF L LSMs. GLDAS ) H )2
S LA B ASACA i b 7K R e B PR I AR o DN 2 TS R By (LA 3 S KA 2 54 (1)
W) M Ch TRBERA T SIRBALIRAD |, AR IS R s b 7,
UK%)) GLDAS FIEHE A 585 W precipitation (P), JTHB1HI“< i near-surface air temperature
(Tai), T FFEHEESS downward shortwave (Ry,.q) A JE5ES) longwave (Ry.,q) radiation,
L specific humidity (Q,), M# wind speed (U 1 V) Fiih[fi“< K surface pressure (Py)
[Pl GLDAS 3E5f¥] Noah LSM >7SH {1 75 i R) J 2 R 2 TR JRE - F0 v s 6 F i 4
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(3-hour 0.25-degree). 2004 “FLIK, 152 %7 GLDAS/Noah [1) 56 ik A8 H 48 88 1E 7E & I
[79-86]
(2) THARAG B AN i PEBEAG 1 7K 2 S ] B (R b A

FEKFERE DT, BRI T — Sl B ECR, BT RGN TS bt =
TR PN DL R PR B AN RS s 8890, K U Sz R 8 P 8 Si2 o /K A JE R IR A7 AR AR
4 [ SI831500

TRAR I AN 52 V32 Bk T B i IR A A e D200, BURR A TR KR 2
FERE LA B TR, R TR R AR PP, s R R o A T
i (quantitative precipitation forecast, QPF){/3fE LAMERATIIR . kT K5Ik L B TR Y
TR EESERFRBE T, 2T QPF iR 25 fe+ b B>, fedlr JLAE, AERA TR
IKSCTRAREZSPOOLION ey - i T AR 22 SR FH AR A TR B AR AL B i M 9. B TR
7 238 3 7 [ A PR R ) — b A e — 2 TR g QU O, St v AR S R ALY
J7 AR K TT .

TERIE LA, TR G IR A T /K DA FE 5 T T & T — 288 5T . Faber and
Stedinger """ 38 3k HRE B LS A BRI T 106 3 T D sk KA A AR A TR A T
IKPEHIE o Saavedra et al. "™ 5 2 FE P& TN PRARAR ZE 1) 18 /[N A F91 0L 40 o8¢ R T4 17 1 T 7K
PEACT L o SR M, RN SEI S5 K SCTIR AR e & TR IR 7K IR AS R ZE KA A D
Jil, HEGEEAEMIT, KPR A SRR BAFE T AR thsh, BEs
A I TR M LARE e R GE 1R 22, DRI, Ty Rl ad S 045 22 X6 T4 iy PR AP+ 0 G B o

1.4 FEMRAB

.41 BXEEARR

gr BPmik, HER )RR RIS A RE EEEN, JFRE G B IRE AN o P Y IR N
Bt QM TR e S s s S Nl O N S /18 S K A 3 - W € w9 e W
WEB-DHM #7240 2 Sk OKSREEMEH) , IFAEIZREN 43K GLDAS 7 i
AT IR FEIE FHPEAST S, 075 R I PR AN s PE IR b, TP T 58 T A A Ik K
% HARSEIS I R G . FLARIOBTIT A2 T

B—m—i

55— 3——WEB-DHM 7K SO 7 3= 3l i 35 1) S e

BEGTS SCA F (RAZ OB 2 —-WEB-DHM /K SCRERL, /2R (R A 4 by, R
(R IR B E ISR H s, DL AR AT oL, R AR 0 B S B AT %0, g
F 2000 “FZ2 2006 AFHLSSMIA R, SEIER)Z L1 /K 5l MODIS/Terra (Moderate
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Resolution Imaging Spectroradiometer/Terra) ¥ /#1521 14:RF 8 KX CH H AR 1R
i J% (Land Surface Temperature, LST) , XMBIRUBIIH KA B8 SEAGIA AT I AIE

5 = FE——GLDAS 4 BRMV 55 7™ il AE I AR R AR P 4 56k

Fr4%: GLDAS fEdfiss RN KN Be AR & V. 0T Ee 208 GLDAS Bigdlh
WEB-DHM 40 1745 &8 5 453 [ H A JRA-25 (Japanese 25-year reanalysis) 25 “FF 70t
TR S 2 Al 22 o WX EWE (I LA D sk, #HTIEA 2000 4F 4
2006 4 (5 ZFAHFED o \L, XA =B (BT B EGE: FERP),
TR (Ta)s 1) R RLBER I (Rowa)> 1) N BRI (Rwa)s T, XS B A =AM
BCEE D) BT AR BRI (LST). ZZHUk (BT) « ) EREEEES (Raw) -
] EABARS (R, ~ 4RSS (R« WHGEE (LE) « SBHGliE (H) A i
& (G, Dk GLDAS BHUgs RINAHETE, I8 5 B0 L85 22 1) I P 5
1) ¥ GLDAS {0 385 4471217 WEB-DHM /K SRR, 45455 GLDAS KT HHs 7 ik
JUEEBR A 7K SCRE R I B /K FI i P 1 g

VY FE—IE T e PE TR 1Y) WEB-DHM 57K 2 H FRSERAUL B TR &

TEROKEEZ HAR SR, IRz B 5 5 8 4 (1)K SCR 8. WEB-DHM
G, =53 TG, RH HAS ST Japan Meteorological Agency (JMA)TIUILIH A
8 R E MERE R AR (FER, WAL, MOk, WS, RS EARGWS), T
TSI BE o 75 3K BERTZAS B BRI F 2004 41 2005 4F 7 K FEHEAT 30T,
L SIS AT B A

o hE——H R R AP R 2= I A T A B A s i

7 & TH M P 220 0 5 PE TR AT 25 8 TR AR B2 W o 3 i 22 A R 20 AT e 22, IR B
AR LR, FZirZEms 2 N 20K 8 RIBER TR+, LUES A B 20
T P PIRG4Sl 7 A — A AR G TR . B %R N T ek 2004 4E 5 2005 4
Pz B AT, IR RS TR A R S AN ) IMA MG i AT e, A= 7
VPN T AR T VE Sy, M Tk al S

N E—— R TG TR K PE SN R B R 48 (EPROS) FF K S B H

e 26 T R AR B PR 55 28 DU 5 SR AL RGEAT R G, TR IR T A5 TR KK
FESEZI IR BE 248 (Ensemble Prediction-based Reservoir Optimization System, EPROS)
FEF KRR IECR H 2004 4FF1 2005 3k KIS B IZ RGERATIUE, I8 RGEE ST
O HO I BESE R, RGEAEAN BRI R NS R, LRGN T
SRR ERAE R AT AT I

BrtE—gihEY



R TR 2R 5L

V24 ek 54 SCIR) BTN 25 SIS IR R TR TT 10 A Rk — 2P AF ) ) gk
ITRHE.
1.4.2 IB3CHR LS

WICHRE A 1.1 Fror:

| |
| | WEB-DHM /KSCHUR 74 GLDAS 4Bk e R | |
b A R (R ) RTINS =55 ;
; |
I |

R e ME TR 1Y) WEB-DHM 57K 4

% HFRSERA R A (SR DY)

2 FE U R A TR 2= A S TR A
BB B L)

LTS TR K K ZE 2 R &R 40
(EPROS) FFAR MM (FE/NFDD

L

g EE GEEED)

B L1 s
Fig. 1.1 Structure of this dissertation
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2 WEB-DHM 7K 3R B 7 1% & A Y [z A & HoiE A 1A 5

2.1 3|8

BARIK OB R Oz A i B e e 31 1 70 A A (Distributed Hydrological
Model, DHM) , {H 1 J-IX LSRR il (AR S FOBE S VERR IR 28 A 2R g MEAL BE, &
ATIAT e ATREAff Mt 85 - A2 T KA, ASGR 2 3K AR S . G
TEAEAR TGO T, BT RERE LKA, 5 BURTRUE DL AR A b 8 ik
BB gp b, 5T PR AT, Sk | BE B RE Lok i
PR SEBR 78R ) 2t e E o AR GE B A OK ST I TR 25 R i T 1) e 144
1M IE-FE - KR AL (Soil-Vegetation-Atmosphere-Transfer, SVAT) Byl i
(Land Surface Model, LSM) J& -4 BAL i 44 7K R e Fl 2.

i TS X KRR Gt T oA, AH R T A =T 5 e e ) — 4R, Jf
BEAT 5 S 1A S AR AR A AN 11 K o3 A #6140 BRI, R TRT 7K 43 (0 245 T 43 A3 B R K<,
B K o AR ST T DR, R o A K SO AR TR, B i % e
TERISEME, AU [0 K 3 o3 A, DA TTD A5 Mt R i i N 810K RR) 7K 70 146

A S AT IR ORI E0 FEAEDE, LKA 2K SRR WEB-DHM
RIBLTY S5 4, SR 5 R AR ) 2 (1) SR sh B e A g e cdls, P xR R34 S0,
fwJri K] 2000 £E 4 2006 SESEMG A, S 3K 7 LU REIK (MODIS/Terra V5) 43 ]
Fr i T 5L 2 Kt 6t WEB-DHM A5 RS ZEARELK A BE B A 2B T 40 11E

2.2 WEB-DHM &% & 3§ UF /5 7%

2.2.1 WEB-DHM #&ZI /)47

FEF 7K AR BV (1 0 A 2K U (Water and Energy Budget-based Distributed
Hydrological Model, & # WEB-DHM ) 81200 &3 i o2 4> /8 4 SiB2 i 1] 45 3, [Simple
Biopshere Model varion 2; MYF1I%ET 1)K LA GBHM [geomorphology-based
hydrological model]**'2'"'? JF%2 [, WEB-DHM H )& iR i R & (1K, fekt, F1—
AR (COy) FEHM A, AWEB-DHMALALR K LK, HA CU7E— LUy i g
15 BB AE A Y FRER122123 ] Bl TR BELST (Land Surface Temperature) 783X B T
BRI RE R A IS0, 3 HL ] SRS A5E 20 A2 5 A R0 o 1 Ui SE LS TR oH 877 kT
WEB-DHMELH SHVEAN (A 41527 [l 5%

-10 -
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Kl 2.1 /44T WEB-DHM [3EALE M. ¥k, SR SiB2 RO Tk dg—
AN B T (R SR TR 2 )R Al B (UK. BEHRRT COy) o 38—, ZK SRR F T4
FOURS O BRI RS A BRI N AR, IRV RIEIL U (a) KA 7

(sub-basins) ; (b) BE—4 Tkl AT (flow interval) , HrpRE N B

B Z BRI AL (model grids) ; (¢) KFREAMBEAYR s Kl 53 24N U R < i
(hillslopes) ; (d) THEMRSBIFLIIK A HEFE . X HL, SiB2 AU T-HiA R4
RIS R PRSI T 1A () il & (BT ZKFN CO Il ) ACH#R, Ry 1 Ry, 530
RF M NP PRS, H AREREHEE, MUREFHEE (k) - GBHM EH &
B s’ Chillslope) AR TN T ARG, d5fm v HTET .

Fow :
Intervals Subiasm

VVVVYVYVYVYVYY

Precipitation

Hillslope Unit

DEM grid size

(©) (d)
Kl 2.1 WEB-DHM %Y g fA gty
Fig. 2.1 Overall structure of WEB-DHM model.
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fEIX ., WEB-DHM [JREIRIEE LST f24R4E Wang et al. [2009b] M i) 28 -4
i

Tow =V xT." +(1=V)xT; 1", 2.1)

V =LAI/LAL___, (2.2)
P T, AORBAUE LST; VIR fUE v %, T2 dZIE; T, & LRI, LALZ
e %G LAL & e B KAl (RS Sellers et al. [1996b]M2%15E X)) . LAI M
MOD11A2 V5 1-km 8-day @t 3k1F, LAl HAZETIARWHAEFRALLL .

2.2.2 WEB-DHM #&EIIGIF 77 5%

R AE AN W) EAEA T i BT KOG, IR FLRE S ) LR S R A,
Rk, AbATTBERS T3040 WEB-DHM R 7K P27 LST S il 1 1 ) o6 Bt
U, O LST W T Rl 5 KA BE A SE SR . BhAh, ks A Bk U LST
Al DA A3 2, PG, LST ] BLHISREGUE WEB-DHM () g5 F4

T HIG AR T UPA WEB-DHM A58 [ B0 45

NS=1-) (X, - X))’ /D (X, -X,), (2.3)
i=1 i=1
RB=D_ X, -> X )/ X,)x100%, 2.4)
i=1 i=1 i=1
MBE=(ZXS,-—ZXO,-)/”X100%’ (2.5)
i=1 i=1
1 n l
RMSE =[—x > (X, - X,)*1?, (2.6)
no g

K, X ARERAR EALIE (g s LA, X, 22 EAUME (WEB-DHM
Bifl); n BN BAG X, LRI BT 1 X, (0 FI4ME . NS /& Nash Sutcliffe 5
H UPTONS K, B EE BT, B B AR AR 45 SR NS 25T 1. RB A XS 2% (relative
bias) , MBE $&°1-3J/l % (mean bias error) , RMSE #5134 /5 #{ 1% % (root mean square error) .
RB, MBE = RMSE /|, ACRBIMRIIIBORG . PRARROREUS 2 RB, MBE B
RMSE 251 0. fESEhrrf, i FIME R IR0 HERS, Kk RB, MBE B RMSE 5:f5 -
MANEEF 0,

-12 -
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2.3 MEAAREBEEENA

2.3.1 FEAIAIE

WA RN I AN, T 75 MR A 2 FAEYT Cupper Second Songhua River Basin, USSR) ([
2.2a), WAL 14,700 km®. Flk 2 4 T BB K B2 700 mm, 2473 1.4°C
F 4.3°C, ZAVEIEESIRL 23°C 3] 24°C (7 J1) , 2 PHEARSE-17°C A )
GBI R AL, T AR ST IX S i R K B 1 2 A, AR
B, 60%-90%4/K /3 BEAEid (6 FI£19 J1) 0, el T8, HEEEN%
R AT

70°0'0"E  90°0'0"E 120°0'0"E 140°0'0"E 125°0'0"E 126°0'0"E 127°0'0"E
(a) N )
& A Zz " N
o =t
=1 ;Og | Legend A z
F 2Z | [JBasinBoundary LS
T ‘ / S
£ Z River =
< b= -
= L2 m  Meteorological Gauge
& )= a Discharge Gauge
& 14 o Ram Gauge
o I = .
S1 Legend () S GLD AS/Noah Point
] B Basin o — &z | JRA-25 Point z,
= ) g
4 Jilin Province L Fe AN mHitadian - g
o . o 5
=1 — China / S =z
"Q J . i oo
0 6001200 2.400Km =~
= — - s
o ; . . : S
S 90°0'0"E  100°0'0"E 110°0'0"E 120°0'0"E =i
o | - z
124°00"E 126°0'0"E 128°0'0"E 7 | =
_Z i i i :r] OO
& [0 z"
-5:; (©)Legend e NI g
= [ ] Basin Boundary iangenun A D:'_r | ]
s Meteorological Gauge (Sll()]j\\zl\ ¢)
GLDAS/Noah I’uint__:‘; - ‘“\
7 ‘
S’/ g Yanji z
Z 1 "‘ = Z
= A z2 ] g 2 VT £
= \ ;/J £2 0 1530 60Km B
S AShenyang i o= &
Shenyang 03060 120Km | =
| N
124°00"E 126°00"E 128°00"E 125°0"0"E 126°0'0"E 127°0'0"E

2.2 MR () EREEMAE: () M (o) AR ARSI . B (o PG
LI N REEAR S, B (b) TR A R, XU, H RN, e AR AR 55
Fig. 2.2 The Huifahe basin: The location within China (a), and the data sets used in this study (b and c).

The meteorological gauges in (¢) measure downward shortwave radiation, while the meteorological gauges

in (b) measure relative humidity, wind speed, sunshine duration, daily maximum and minimum temperature,

etc.

_13-



15 3 AT K SRR o £ PR A P S DA 1 5

2.3.2 HEIN

H SO LS T REK, AR RS . RG, H sy Ol H ARG HPPFR
A H B AL, XL N A% (China Meteorological Administration, CMA)3k
Mo ZMBRIE IS RB(E 2.2b), BFBEFRA H B AGE Ik BEALRR RE 7k P,
R 6N TR (K 2.2b), I B AE  H ey =Gl H eI iiz FH TEMPAC Y
U A 30 o 125 F/ACIEE— 25 T R 0 () H P38 SR AT T30 R N R 1R
SEPATIT M R, R, R R Yang er al. [2001, 2006]/ I3 TF 5 ()9 A AR 1
AW, = & AN K ¥ 9 M JRA-25 ( Japanese 25-year reanalysis!'?>);
http://jra.kishou.go.jp/)3k4F, Hh [ H il i Y =R AR H . XL Gl i & R
BN Cinverse-distance weighting) FH{H £]1000m{)WEB-DHMA B L1 5 W% o A — 45
T ST IR T M A< s HAERA RS (6.5 K/km) Jl st 25 REARR s e VS G (1) iRy R AT
Bk,

RSt UL H 5 F T WEB-DHMAR Y (1] 55 58 TG UE o A8 YA 2 B ki (&
2.2b), AR AR TS (20004E 5120065 ) M TLIEVE (20004EF|20054) uh, X4
I WK SCJR3RAS , B A 2k S g™ ZEME S W I ) 26 2 (10em) 37K 43 (SSM,
surface soil moistures) X WEB-DHMA AL SSMEEAT I UE, SSMilllid 5 JjiAAE
TR 2= W CRIED BRI, I SR A o [ S 5 R R I 45 3R A

(http://cdc.cma.gov.cn/home.do) , ZHHEA R MERT A L&KL,

2.3.3 DEIJN

DEM % #i& M 35 [& Hh it if] & J5) United States Geological Survey (USGS) 3k 15
(http://seamless.usgs.gov/) , DEM-T W A% L JE K B2 & 100m . B 5T 0 350 = A2 M\ 245m 3
1187m( &l 2.4a), A& 3 FF N O B 23 fF  (F2.4b) .+ M F A %P MLUSGS 3k 75
(http://edc2.usgs.gov/glce/glec.php), -3 Al I 257 5 4324 Oy SiB2AR 2 1 i 1) FH 2 A4,
I 7R AR R, Al I CI B 1 2 2 B - MR 2R AL (K12 4¢) o 35850 HE
M FUAR A 4L ZA T ik - 47 0 3RAS, iz SPh R R, 2 R R S R
Rt (E12.4d).

KHWE5iE H Sellers et al. [1996b] 295 L IE SHESE, XS HAFHLE. Y6
MABEFEZS . SN SE 520 LAIL (leaf area index) FHH% 25 (L 4 W i
1661 A 2% H H 20 Bt FPAR (the fraction of photosynthetically active radiation)
LI AMOD15A2 1-km 8K 7= Fh 53k 45, N # ¥l & (Warehouse Inventory Search Tool,

-14 -
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WIST, https://wist.echo.nasa.gov/~wist/api/imswelcome/), 1%~ i 200042 H 18 H I

/A SR

Fifi 1A ¥ & (LST) M\ MODIS/Terra ( Moderate Resolution Imaging Spectroradiometer
aboard the Terra, EOS AM)#£15, 1% i ] T WEB-DHMF L g EAG IR 196 31E . MOD11A2
V5 1-km 8-day%dhs = fh " N20004E3 H S HIF4A4E 7, MODIS LSTs# [ R ARG - (1 0l

I 8] 23 30 52 10:308122:30 (324 243l (a]) , X EeH s n] DLUB I WIST & 2075 31 .

(a) DEM

(b) Slope

DEM{(unit:m)
P High: 1187

i Low: 245

0 10 20 40 Km

Slope (unit:degree) N
P High ;233383

-Low:O

40 Kkm

(d) Soil type

Land Use N
|:| Broadleaf Deciduous Trees

[ Broadleaf and Needleleaf Trees
[ Needleleaf Evergreen Trees
Il tecdieleaf Deciduous Trees i
I Short Vegetation/C4 Grassland | = Jgdtartit
I Dviart Trees and Shrubs i
[ Agriculture or C3 Grassland

0 10 20 40 Km

Soil Type

[ Loam-Lithosols(I-Be)
Bl Clay loam-Phaeozems(Hg)
B Clay loam-Phacozems(Hh)
Bl sandy clay loam-Lithosols(1-Bk)
I Clay loam-Flanosols(We)

0 10 20 40 Km

Kl 2.3 HT WEB-DHM HLAL[Y) DEM, A% BESE, T HbA) HIR 43 e A
Fig. 2.3 DEM, grid slope, land use and soil type used by WEB-DHM.
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2.4 WEB-DHM #& 2 7£ % & Al 7T 18 5 JiE

7E% WEB-DHM #ABYHEATHGAIF 2 i, WEB-DHM R 1 5E 4R RE T4 5k (B 2.2b)is
H 2001 4FSEM SR AT S HCR E . BB SHCRE WA, BB, LL 2000 M
M HE % WEB-DHM A K 5 # §i 1217 WEB-DHM #5784 2 /R DLk 37K SCPAF,  BAE3R
7% WEB-DHM BRI HIaa 452 55—, 12 FH 2001 4 SEA 450 R A v2sd 1 xd b
FET I i I AL A AL WEB-DHM B 240 NS HI RB (12 W7 18 2.3 M1 2.4)
F T S ek 45 R o X L8408 [ S FE 38R TR AIK ) 4% 3 220 (saturated hydraulic
conductivity for soil surface, Ks), /K Jj{&5% [n] 2% (hydraulic conductivity anisotropy
ratio, anik), I KK )ZM#/KiE (maximum surface water storage, Sstmax)F! Van Genuchen's
Z#1 (Van Genuchen's parameter, a Fl n). XEESEHIECFIEY] TR 2.1,

* 2.1 BASHRECEIE

Tab. 2.1 Basin-averaged values of the parameters used in the study

Symbol Parameters Basin-averaged  Source
value
Os Saturated soil moisture content 0.48 FAO (2003)
Or Residual soil moisture content 0.08 FAO (2003)
a Van Genuchen's parameter 0.02 Optimization
n Van Genuchen's parameter 1.60 Optimization
Dr(m) Root depth (DI1+D2) 1.17 Sellers et al.
(1996b)
Ks(mm/h) Saturated hydraulic conductivity for soil 37.81 Optimization
surface
anik Hydraulic conductivity anisotropy ratio 53.83 Optimization
Sstmax(mm) Maximum surface water storage 8.00 Optimization
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WEB-DHM A5 74 (1% 56 1F K FH 32 B 7K ST 3k 110 52 B vt &8 W0 000 (R 1 W R o3 74 o
2.2b)K1 MODIS/Terra V5 7= 2000 4F 3] 2006 SE4ER 8 K[ LSTs Figt*l,

2.4.1 IK{EIR

Kl 2.4 2zl 7 WEB-DHM 2 AUASALL A1 8 sl A1 T vl (B 2.20) ) HR E(Q) 5
MR 0T LE 25 3 1] 2.4a SR RERE T IS 34 11 2000 421 2006 4 [ 2 0 RN L i AR ARAUL 1)
B, NS%T0.717, RB %1-6.37%. 76 HEEHERLT 2000 4E2] 2005 4F 13 &1
EUMHERL G L, NS 55T 0.810, RB %51 5.60%( ] 2.4b).

600
(a)Yangzishao

2 ——Q obs - ---Q WEB-DHM

g 400 1 NS: 0.717; RB: -6.37% :

on

s

<=

2200 -

a

0 4
2000-Jan 2001-Jan 2002-Jan 2003-Jan 2004-Jan 2005-Jan 2006-Jan
2000
(b)Wudaogou |

— 1600 - ——Q obs - - - Q WEB-DHM
= i NS: 0.810; RB:5.60%

5 1200 + '

o0

C@ 1

5 800

. — 1 1
2 400{ .

0 : L_.‘ _IL 20 A . < --a.".'.“-":_-

2000-Jan 2001-Jan 2002-Jan 2003-Jan 2004-Jan 2005-Jan 2006-Jan

2.4 FETIE B (a) Fl TLIE VR 3 (5)2000 4FE2] 2006 4 ULIFT WEB-DHM A5 37 5
Fig. 2.4 Observed and WEB-DHM simulated streamflows at Yangzishao (a) and Wudaogou (b) station

from 2000 to 2006.

2.5 %5 T WEB-DHM BRSBTS BRI 1) 2000 4521 2005 48 A Tk i1 H
IR 6 A Q. B 2.5a gt TR RIS T IN 7K (P), WEB-DHM £5
IR ZE R (ET), WA WEB-DHM A 40 (1) 9 i O. WEB-DHM 5 L HL 1) i 5
O H5MME A ELF, RB F NS 43355 T 5.60% F10.900. & 2.5b 45 T 6 411
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(2000-2005)/KIEHA I FE, 45 B B] WEB-DHM AR AE AR 1 16 P S BRI, RB A1
NS 4334T 5.60%F1 0.937.,

300 @ |]|]|]|] Hum]uu uﬂ”” ’|]|] o DHDHHH ”uu= u”uH ”D“I] uun”” I“]“I]I]““ ”” |:||]=|:| 0

= () —~
S g
£ 200 T 200§
E O :NS: 0. 900; RB: 5.60% £
g =
5 100 - §
<
=

0 —

2000-Jan  2001-Jan  2002-Jan  2003-Jan  2004-Jan  2005-Jan

250 7E== = O ] O g = = 0

e ] U
) C—P obs - 200 E
§150 1 —— 0 obs 0:NS: 0. 937; RB: 5.60% g
E 100 | — — Q_WEB-DHM _ T~ g
=t — — ET_WEB-DHM _ ~~ N £
= o

50 _
= -

0 —_———e T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.5 MR 20004E $20054E H [ (P), WEB-DHMAHL 78 K (ET_WEB-DHM), WL I

(Q_obs)MIWEB-DHMEBUII i (Q_WEB-DHM): ~ (a) RIEIFFH; Al (b) 64 P,
Fig.2.5 Time-series (a) and 6-year inter-annual mean (b) monthly precipitation (P), WEB-DHM
simulated evapotranspiration (ET_WEB-DHM), observed discharge (O o0bs) and WEB-DHM simulated
discharge (Q_WEB-DHM) for the Huifahe subbasin from 2000 to 2005.

2.4.2 BEEMEIN

2.6aF1 2.6 5. 7% T 20004F3 J1 £]2006 412 J] WEB-DHM A% 74 A5 4 (1) 455 [ 8 K 119
[t 107 9% ¥ LSTs(LST_WEB-DHM) #1MODIS/Terraj” i (LST _MODIS)XJ kb 45 % (it [a) 5
511> o MODIS LSTs {515k IR 00 i [) 2 24 4 7] 10:30 (R F122:30 (AR o
R 45 L . 7R WEB-DHMAR TG U1 ({4540, T LS Ts. LST WEB-DHMELLST MODISH /=,
MBE 7E RS T2.17 K(K12.6a), 7ERIESET2.50 K (#2.6b). Kl2.6cH12.6d%5 Hi T LSTs
TE R FB ) P S B, R AR LS TR Y [ AH < R 2R (correlation coefficient) 47
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= = |
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: 5270

BI B|

£ £250 1 ,

= R =0.9856 — R =0.9896
230

240 260 280 300 320 230 250 270 290 310
LST MODIS(K) LST MODIS(K)

¥ 2.6 WEB-DHM FAUS (Tgn) FIMODIS M (7,50 11200043 F £120064F12 7 118 KLSTs
(RICFBIMED AR (a0, WIE (b, d) o BFEFA(a, b)FIEE(C, ).
Fig. 2.6 Comparison of §-daily LSTs between WEB-DHM simulations (7§i,) and MODIS observations
(T,ps) during daytime (a, ¢) and nighttime (b, d) averaged for the basin from March 2000 to December 2006.
Time-series (a, b) and scatter plots (c, d).
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2.7 W78 T WEB-DHM FERYAE) AT MODIS/Terra A (¥ 1K LST 75715 4% 7] /3 Ai
w7 (WEB-DHM J#Z: MODIS) . &A%, WEB-DHM HBYA A B T LST (1
[A]2Z 4k . MODIS/Terra [f] LST (KU - 22{H /2 287.49K (7)) | 298.40K (EF) |
285.31K (FKZ) M1 261.46K (4Z) . WEB-DHM FEHUL i LST 1T 24018 & 290.16K

(FZ) | 302.84K (HZF) | 288.09K (#kZF=) Ml 259.83K (&F) . i, HZE
M=, WEB-DHM Fi BB LST (i, i i {H 5 072 2.66K, 4.44K, Fl2.78K,
{H2{E4Z5 LST #% WEB-DHM FAMILAL T (R4 {E A2 -1.62K) . X EEAHE MRS ek A
TXAHREREE (lapse rate of temperature, v = 6.5K/km)ffJ35)— AR, sEfr b, v &FZ
T BRI AR . A SOl R M T P AR RS (Y, T RE 2.2) R A
PE, X5 LST FH3R EUE (soil surface temperature, o) A2 —

(a) Spring (b) Summer (c) Autumn (d) Winter
¢ 2t s
T T T T T T T T T T T T -
-1d-4 -F ¥ -6 -5 -4 -3 -2 -1 0 1 2 3 4 = & F B 89 10

K2.7  20004F3 H 12006412 H WEB-DHMAE AL 4L HIMODIS/ Terra Wi il ) 4 RLSTs (47 K%
Wle (a) HFZE (MAM), (b) EZ (JJA), (c) #kZ (SON), 1 (d) &% (DJF).
Fig. 2.7 The differences of daytime LSTs (unit: K) between WEB-DHM and MODIS/Terra in (a)
Spring (MAM), (b) Summer (JJA), (c) Autumn (SON), and (d) Winter (DJF) from March 2000 to
December 2006.

2.4.3 LiEKS

+3EIK 5 (Soil moisture, SM)FEF-TFHEL T — M EEr 2224, JIf Hiln 5%
Wi ML 2 T B A VT S 2%k ET R AT B LSTH MU, Ik, SM A HERM LU 43 2
K 2.8 78 T 2000 4EF] 2006 FH WEB-DHM R AUEE DU T S2 Bl (1) H -1 26 2
SM (EZ) . i Ml {E £E e fg s (Huadian station, & 2.2b)WiI#4%5], WEB-DHM 1
AR T AR AL 1% 0k RUAE N B A RS P (1km K5 ) B4 211K . WEB-DHM £
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TR B S B WLIIAE I /N(-0.017 m*/m’). S AKE, WEB-DHM 8 g5 4 i ifel b H
V15 SM.

0.7 -.IIII|||-- w Ill-l = -IlIII = ---IIIlll |l-||’||--|-- Illl-l = l'||III'|' 0
g ~061 | | | £ 200 ~
£ Eos - 2
o g EEP obs a SM obs — SM_WEB-DHM - 400 2
5 T04- MBE=-0.017 RMSE = 0.048 =
£ 8 aa [ 600 E
= £ 0.3 A A /A, A A =
S %0, A& L go0

0,1 T T T T T T T T T T T T T T 1000

2000-01  2001-01  2002-01  2003-01 2004-01 2005-01 2006-01

Kl 2.8 2000%EF20064F 2 Z=WEB-DHMAEU ML M AL (Huadian Station) F) H V2438 2 13K 7
CRJZ 10 con)XS Ee o RS 0 I P22 — Jf 4 th 2%
Fig. 2.8 Comparison of monthly surface soil moisture (top 10 cm) between the WEB-DHM simulation
and the ground-based observation at Huadian Station from 2000 to 2006 (summer). The observed monthly

precipitation is also given for reference.

2.5 Ihgg

BEXIAE S8 1R 7K SO M AR M I T B8R R KV A e, DL R 2 35K
A3 AR A R A ), B PR A il T A T /K SO () 366 T 7R g P-4 1) 0 A XK
SRR WEB-DHMOA WFUE o LU AT IR T IX 38, 8 7% ik 1 WEB-DHM A5
A, 55U WEB-DHMAR A B H/K AT RE A Al SERETE

WM& T WEB-DHMAC Y [ T K T, FEARGE R FI N O, /4 T WEB-DHMAR Y
FERE RS R IR B (B AR B B, SR, a8 , g
W HE (LATRIFPAR) FIREEEHE (LA F . DEMAI -8R o KARAS A
FHRE P it S 9 6P WEB-DHMAL R S BT 2608« H TV AILST 2 iR 1 s
JOBE K RN fig B0 B0 10 45 5%, DAL otk >R A S 3 & T MODIS/Terra 7 ity 1Y LST 43 3 %F
WEB-DHME BB (K] K F e B 1l HEAT RO 40 . 45 SRR W], WEB-DHMA B AE PR 4> 32 2L
PR CREFMY S A FLIE V) 4F20004E 52200645 11 H i & A I 45 B -5 Szl (8 4 1)
A, MXHREZERBIN 145 T-6.37%H15.60%. WEB-DHM: Y %}200043 2006412
JTIILST RAALL 25 A EEMODIS/ Terra AR &, V354l 22 MBETE I R AR 73991 %5 T
2.17 KA12.50 K. it bh Bg5 i, v CUE Y WEB-DHMAR ! G845 o i A i ek )R (17K
FRE T o AT WEB-DHMAS Y 70 I Yt 4ok PR3 P P A 36 A 2 18 SR BE RIS 4 o
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3 ZIkRESHEERNEELERENIIEFN A

3.1 3|

& b—%, WEB-DHM BB M RIS IEAT 1 280308, I DY I S 5 A0 i T
W B R AT Tl A RS, WEB-DHM AR B 7R 1 84 B R BE F A5 34 1 e
J1o BR, Hr—Ro A UK SCERY (4 WEB-DHM) Xt K 3K sh Hks 1) SRk I8 3 e AL 4t
(1) 3 A 2K SO B vy o TX RN E AT /NS FORE PRI PR R o R ST o 30 e T = o YR
IR o ANEBIRUA G (P BRI 2 HER, B ANVE VILR S5 il A 2 HEr
U0 RIS IR SRS ANAERS K2 T S AR A SR SRS AT AT AN AR R R 2
CHRp ) 2 546 T R B ) TS 7™ B S MRS 397K 4, 420 R A S AT (g oL P 109700,
PRI, e 1A 1052 38 A (V1 9 Bh B5cdl VA B (AT AR, T A1 0 1
RO, ERERE, TR OB R X R T DRk, 30 ) T T RN A Bk
Tk BEEE BT, DASE AL A 7] XIS SRR ) 7 42

FL b € Bk Hh # B 7] 4k 24t (North American Land Data Assimilation System
(NLDAS) project (1) JF % (¥ 4Rt b 445 1. R 48 (The Global Land Data Assimilation
System, GLDAS 1) A& 1 Hu i WL R 1952 3 O, I8 il 5 B R 480 (land
information system V) [EREN T, 9KEhEL A SeHERIFERF L LSMs. GLDAS ) H )2
S A B ASADA i b 7K R e B PR I AR o DN 2 TR R By (LA 3 S KA 2 54 (1)
wZE) MM O TRERATLSEBALIRA) , M CRIEA S B HIR S I HERPE [73].
UK%)) GLDAS FIEHE (5 B% W precipitation (P), I near-surface air temperature
(T.ir), 7] TP HESS downward shortwave (Ryyq) AP EESS longwave (Ry,q) radiation,
Lt specific humidity (Q,), M# wind speed (U 1 V) Fiih[fi“< K surface pressure (Py)
1. GLDAS 2K#)jff) Noah LSM U7 FAIt 7 5 i i) JUSE 2% ) JUBE L v R 2 1 1y
(3-hour 0.25-degree). 2004 FELIK, £ % GLDAS/Noah ¥ HEFIN ] .4 Jg T80l

GLDAS/Noah 7 it A it st — AK STRE R 0] i A\ B8 SR B v 1) ) e it 77 SR o
N T WEFCARRX — ), DU X g — AR SCRE A e A E DR Bk BB 21 T s AT, A
%4 GLDAS/Noah {EER S (& I PEREAT TR S « A EH N4 T, R JEH
AT RIS A, A EREE B A4 R4 (Global Land Data Assimilation System,
GLDAS) FIHZA JRA-25 (Japanese 25-year reanalysis) 25 EF 7M1 % BB EE; o5 =,
¥ GLDAS [f%i N A H A2 543 7l 5 WEB-DHM BELFT TRA-25 0457 VX L T
IF BT 107 AT X L AR e PR IR s Je e, AR B g R, K GLDAS ™~
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S AN E TR R NS B, P NF] WEB-DHM ST, 43 M7 GLDAS 7EJR R B 1115
FTE.

3.2 A&
3.2.1 #hR

ZAB vt T = AR H T 08T GLDAS 77 S ZE AL 38 R /KRN BE S A 4 77 THI 1)
& PR 3.1).

exp.1

Po, Tair*a st,doa le,doa Po, Tairoa st,doa le,dma P*a Tair*a st,d m, le,dma
PS*’ U*) V*x Qa* Psm7 UO: VO: RHO Ps*, U*, V*, RH*, etC.

: A

B N —

\ 4 ; A 4
L - 9 Q

GLDAS/Noah JRA-25(]M
(LIS) WEB-DHM exp.3 A/GSM)

A 4

LST, ET, Rowu> Riwu, Rn, LE, H, G |«
exp.2

3.1 BB Thr o, 0, M m’ S AREMINE (BU3E TR, RfE, BRI,
W S T HEAC R IR A i B AR 5, B2k 1038 WEB-DHM #5481 A GLDAS (FI{&1E ) GLDAS) K%
PeAE N IKEN . exp.l —exp.3 UK 3 ANLK . P BERN; T IEHUIT R Rowas Riwa: 1) IR P
B Qu: TR RH: AHXREE; U, VX3 P T Q: it LST: BB ; ET: 2880 Rowus Riwu:
] bR R, 4R AT LE, H, G: W RGN Al & . 47 GLDAS/Noah I
WEB-DHM #48l T LST (exp.2).

Fig. 3.1 The flow chart of this study. The superscript ‘o’, ‘*’, and ‘m’ mean observation (or

observation-based), assimilation, and model simulation, respectively; the shaded box means model output
variables; the dashed line means WEB-DHM fed with GLDAS (and revised) forcing data. The exp.1 —
exp.4 means four experiments. P: precipitation; T, near-surface air temperature; Ry, 4, Ry,.q: downward
shortwave and longwave radiation; Q,: specific humidity; RH: relative humidity; U, V: wind speed; P;:
surface pressure; Q: river discharge; LST: land surface temperature; ET: evapotranspiration; Ry, ., Ry
upward shortwave and longwave radiation; R,: net radiation; LE, H, G: latent, sensible and ground heat
fluxes. The LST (exp.2) is only available for GLDAS/Noah and WEB-DHM.
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RIGIHIAI M 2000 4 2 H 24 HE 2006 4= 12 H 31 H, ZESEE 14— Fp s =
BT DA E]. thAh, 3X 7 AR R RS B AL SR T AR 0 S A R R A, XL
AT S 2 AR T B AR U R 7K FH B A A2 L. A BRS04 7 R R (1 3k

(TEH L Bk, ¥ 2.2) 347, 53—, KARSEAE 2 RAH B . X e s o d
GLDAS(K#/K, P; ik, Taps ) NFBERS, Ronas AN TN, Riyq), HLTTH
WP, Toir F1 Rowa)s JRA-25 M55 72 1(P, Tuiry Rowa T Rpy,a) A1 WEB-DHM 1135 734 A\ 54
(Rowa M1 Rpya)o 25—, FEAYEH B Ha A1 B XL . GLDAS/Noah (Bl %, LST; ZH#UK,
ET; o) FRIBARN, Rovus 10) FACHHRSS Ryus 4R, Ry WHGEE, LE; WHGH
W, H; Fii#usE, G), WEB-DHM FIEIU(LST, ET, Rowu Riwu, R LE, HAI G)
FTIRA-25 MV45 77 (ET, Rgwus Riwus Rey LE, H, A1 G) (I 3.1). 2=, #4%: GLDAS %k
(P, Rowa, Riwa, Tuirs Our Py, UK V)BKZ5) WEB-DHM 8 F- L KGR R BE S (B
3.1)s

TEER —ANSES Y, WEB-DHM B35l 76 P FAS [ 858 R iz 4T, (1) WEB-DHM
PR GLDAS Jin IR s B 9880 . (2) FR 5 — MRS Eh 45 21, K IR i (1) GLDAS
UK S A AR S B s BEATIE 1R . 58, £ 2000 4F 3 2] 2006 4 12 S
A1 GLDAS 2 [a] i) H SRS i OB (W Rowa)o 25—, BRI Gtk [nl A 5 R AR
EIEJiFE. WEB-DHM #58R H& 1F i (SR S0 B b AT 3k 8l 7E Ty sk (B 2.2b) %
IR (O GLDAS Fl Q GLDAS rev) KHISZNMEHATIAUE (Q obs)o XL/ HTH
M 2IFIZ TS 5074 2 MBE R 5 i i% 2 RMSE 152 L 2.2.2.

3.2.2 WEB-DHM #&3l

TEAHFFTH, GLDAS/Noah 1 JRA-25 s MABATIE 457 it 1 B 23k 44, WEB-DHM
iy 1B 21T WEB-DHM A8 3 kAR, RIS AR RS IR S B s (W4 3.1).
(1) WEB-DHM 7 DIt [ 9000 (i 25 - b o9 75 >4 3R s i, e 10 & P, Rowa,
Rivds Toir, FIXHZREE (relative humidity-RH) , P, U F1 V. B3] LST, ET, Row.u Riwus
R,, LE, H f1 G 5N [) GLDAS/Noah FAUFI JRA-25 #EATXFLL; (2) WEB-DHM #i 7Y
LA GLDAS JRUGWsh Eid (P, Rovas Riwas Tuin Ou Ps, U M MAFE IS EHE; (3)
WEB-DHM #8! DUAS IEJ5 1 GLDAS 8 /6 A Ik sh A . (2)F1(3) B4 2 ¥ &
(O_GLDAS F1 Q _GLDAS rev) FJHHuIH SEFR WA E O obs BATRE
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Tab. 3.1 WEB-DHM AU S50
% 3.1  Table of WEB-DHM simulation performed®

Experiment Input Output Period

exp.2 Observed (or observation-based) P. Ty, LST, ET, Row.u» Riw,us 2000-2006
Rsw.a Riwa, U, V, RH, Py R, LE,H, G

exp.3 GLDAS forcing data” O GLDAS 2000-2006
Revised GLDAS forcing data” O GLDAS rev

“iE 0. 3.2.1; "GLDAS HEEHE T P Tuirs Rovas Riwas Qs Py U FI V. Hi—NREE (exp. 1) ANEF
WEB-DHM F4Ul, i [ SEE0FAE R — ik (FiEy L by 37,

3.3 R

3.3.1 GLDAS/Noah

GLDAS P45 T LR Hb T S5t K 9 2 A S 450k — R BBk TR 20 (Land Surface
Model, LSM, EZAha) , HHRZAERPAI G EPRASAE E. B, GLDASYKE)
AN T A Mosaic '), Noah 217677 the Community Land Model (CLM) 13, DL &
the Variable Infiltration Capacity (VIC)F% P9, FEARWI5¢d, &A1 HGLDAS/Noah L4
) 3 /N B F1 025 £ (GLDAS NOAHO025SUBP 3H) 7= i ( F #& Hb #if
http://disc.sci.gsfc.nasa.gov/hydrology/data-holdings). X T3t X (14700 km?), iXF e
5 1% FIGLDAS/Noah ™ i LU AT A it 5O R B K AV RE BAG A IR FT o s 1) JORE SR 37N i) 1)
GLDAS/Noah% 45 200042 J] 24 H 46257 - K T GLDASEHE (1 £ 41N 411 Z [ Rodell
et al. [2004a]*F1Kato et al. [20071™", AUk ILN FH T 90> GLDAS/Noah# 14i.(Z WL K]
2.2b),

GLDAS I B £ 255 T NOAA FABE il .0y (Climate Prediction Center) [1)4>
BRRE A HER N 2.5 R 5 RIVFEM 7= i (Merged Analysis of Precipitation, CMAP;
(AT 270 i I 38 S (LT AR ) R St I 3 B . GLDAS B RN K8 1)
IS B) A0 [ P )RR Y ] NOAA )42 BR [FIAK 52 4t (Global Data Assimilation System
GDAS; "M Hids 3 8. GLDAS "l . NOAA 1) GDAS M55 43 7 44
BB, FHEHE Cosgrove et al. [2003]745H41T IE 3] GLDAS ()& FE. GLDAS [¥] Ry
H Rya 53 W3 Shapiro [19871"47 1 Idso [1981] M8 R4 26 M= 25 %5 (U.S. Air
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Force Weather Agency’s , AFWA) RS GBIl RS (Agricultural Meteorological
modeling system , AGRMET)[¥] z & F@ S 7= fskAg

3.3.2 JRA-25

HAS 25 SR BT 50k B 42 (Japanese 25-year reanalysis, JRA-25) 77 fh el HAS
{4 JT (Japan Meteorological Agency, IMA) F1Hi Jj 7 S 57 Bt ( Central Research Institute
of Electric Power Industry, CRIEPI) W [} IMA {8 [ AL AR 7Y R 0K 28 G0k 5 A2 7 ()

(http://jra.kishou.go.jp/). JRA-25 (1) H Fr 45 2P HLX 5 BT ) 7 A 2l . TRA-25 il
WAL N TR IMA 28k (Global Spectral Model, GSM), 7 ##% & T106
OKETT %04 120 km)A1 40 )22 GEFL 51, L40, %) 0.4 hPa) P41 JRA-25 (¥ [F]4k
REXM T =442 535381 )51k (3-dimentional variational , 3D-Var), BfEJZK 6 /N
(SIT ) JRA-2S5 Hdi i ILRE E 6 /N, B AN 1979 4ETFA4E . ARt LS| T 12
A~ JRA-25 #% 55 (& 2.2b),

JRA-25 AZ el B R RN AL VA 20 Roe 2183 delta-Eddington
HEAL 28 AHPOMS UL S 0 By, Ry, 0 A D0 R S VAT . TRA-25 AL I AR
B KGE. AR, SR, i mR M oKk, JRA-25 (/R 2 i
[ Ao 4 F R 2 SO I B 25 2 191, TRA-25 Bk &l i [l Ak 45 a8 Ae [ 9 < % DAL
T XI(DMSP) 2 L s i i 1A% J8#s - (Special Sensor of Microwave Imager, SSM/I)
a1 20 [Onogi et al., 2007]. 4E4 5 (radiative brightness temperature, 7T}) /2 i i 7]
1k TIROS E EH#R4¥1X (Operational Vertical Sounder , TOVS)##|i]. T JRA-25 '~
i Z AN S Onogi et al. [2007] 13,

3.4 #R

3.4.1 GLDAS, JRA-25 #0 WEB-DHM IR Zh#3E 5 b 0 A0 M #5038 X3 £k

(D HRE
3.2 XFHL T GLDAS, JRA-25FH DU () H B4 R (P) AT i T S Toir) o
3. 2a 1 13,205} b T GLDASHITRA-25 55 1 [ W8I0 (1) e 48k 24 H F /K P. GLDASA!
Hhy T IUAE 2 4] IR, MBEFIRMSE %) 1]52£0.7599, 0.06 mm/day 1 3.48 mm/day. JRA-25
L5 b 1 AR 2 (R ()R, MBEFIRMSE4) 71l /£0.5851, 0.58 mm/day#16.39 mm/day. FT 1]
Givh &5 AR GLDASHLIRA- 25 25 REL, TRA-2SIWZF MR ERAR (L0 1.125 &,
HOAHD) , XAl FBURA- 2SI T RS MIBE N FAF. Vr2FgTae sl o7 Rl fh
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T T A 7 AT L, GLDASHY BT £ e Z A BN o AW R 45 ALt — 2 5
1E T GLDASFE R I A FE % .

3.2¢ & 3.2d 424 7 GLDAS F1 JRA-25 500K H S0 T XT H - GLDAS Al
JRA-25 B UFIIRFA T Toir AHOCEREL R L T 0.9900. GLDAS 5 i A B 1] 1)
(173410 2 MBE F133 75 #1% 2 RMSE 4351 /2-0.40 K f1 1.70 K, JRA-25 55 Hh i S {E
Z [ 354 22 MBE Fl133) 77 MR 1% 25 RMSE 43712 1.07K Al 2.09K.

120 120 S
100 @ _ 100 |
g 80 ” '§ 80 - ) o
E E ° o
? 00 o . g 60 70000 °3s
240 %8 R=075%9 éw 40 "% ° R =05851
20 MBE=0.06| & " MBE=0.58
A RMSE = 3.48 ,° o RMSE=639
0 T T T 0 T T
0 20 40 60 80 100 120 0 30 60 90 120

P _obs(mm/day) P _obs(mm/day)

310 310
e (d)
< ran | |
2290 3290
g <
5270 . &lzm .
1 R =0.9933 K R = 0.9945
5250 7 MBE = -0.40 250 - MBE = 1.07
RMSE = 1.70 RMSE = 2.09
230 ‘ w 230 ‘ ‘
230 250 270 290 310 230 250 270 290 310
T 4ir _0obs(K) T 4ir _obs(K)

3.2 GLDAS Al JRA-25 7 iy 55 b i S A2 5 H B4 (E0ns B REORU &I (2000 45 3 5 21 2006 45 12 H)
(a), (b) FERT: (c), (d) JTHI il
Fig. 3.2 Scatterplots of daily values averaged at the whole basin between ground-based observations and
GLDAS and JRA-25 products from March 2000 to December 2006: (a), (b) precipitation and (c), (d)
near-surface air temperature.
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(2> ARJE

3.3a F14 3.3b L T GLDAS, JRA-25 FIHBTRDUIN A H %K (P) AT M i< i
(Tair) CHFTEEH)D o Kl 3.3c Al 3.3d L T GLDAS, JRA-25 fil WEB-DHM #4011
H R MRS (downward shortwave radiation, Ry,.q), [H F KPS (downward
longwave radiation, Ry,.q) (HFEIF41)) o & 3.4a—%] 3.4h S XV I 3.3a—%] 3.3d HIHUS .

Kl 3.3a {7~ GLDAS (1) F7K55 W S sl WA SO & AR S 4, 10 JRA-25 (¥R Wy DU LL.
T e U YT S O R o AR I PR 50 P (1] 3.4 FTIA] 3.4b) W 7s GLDAS R 1 DU
DMFEFT 2 18] ) MBE 55T 1.86 mm/month, IXAME LE JRA-25 [ Ry ADULIN B W 2 18] () MBE
BN, ET R R AN S A AT I S P RN, TRA-2S 1 B N T A
I GLDAS RN T JRA-25. AR RS —DIE T GLDAS [ MR R
JRA-25 gy, XAGERATLURT GLDAS Fl JRA-25 A3z FH AN [A) B4 RN 72 i R AR
GLDAS P& 25T CMAP 77 S 45t (g0 8S] - CMAP @il T’ sl 000 A TR TR A
HE: 204 (R), Kikass (OLR), s (MSU), Tk HES (MW), A1 SSM/I i
B JRA-25 [FANTZMRL[AAL SSM/ TSl 7= kA . IE A Al AWFoedig it st e
W DR T L (%) I T it 22 L e A 1 0 5 ) 1) BT 2, DA
A Rl 7 P T O 60 T 0 0 A R % PR

3.3b s& GLDAS, JRA-25 FUHHDWIME T AA1ZRIEA R ZER, H2&
JRA-25 L& GLDAS FIHbTHIDULMEL R 5y (42%) . GLDAS Fll JRA-25 5l #8 - [a] ()
MBE 7 51% 7040 K Fl 1.07 K (& 3.4c FI[E] 3.4d) , GLDAS Fl JRA-25 55 Hiu [ #ill
Z I ff) RMSE 7351251 0.95 K A1 1.68 K, MBE 1 RMSE #SH#/, %3] GLDAS 1
JRA-25 FIALRLEL AU MU 3L 25 FO 0 L 4T

& 3.3c %7~ T GLDAS, WEB-DHM #1 JRA-25 [ 1f] F % k&5 (downward
shortwave radiation, Ry.4). 5 WEB-DHM F1 JRA-25 #1t, GLDAS £ Ry, P 2 ELA
N [#) WEB-DHM il JRA-25 24wy, JLH AR H K 3.4e M1 3.4f W7x WEB-DHM Al
GLDAS 2 [i]ff] MBE J&-10.83 W/m?, JRA-25 1 GLDAS Z [ii]{f) MBE #&-11.01 W/m?.

GLDAS ] Ry, ¢ it — 2 5 T SE R ME AT T XL (R 3.2)

% 3.2 L3 T Changchun, Shenyang, Yanji ¥(& 2. 1c)FH 5T Rowa. X T HTH
[FI= ks (3% 3.2), GLDAS fFiliBEZ= 15 (warm season) (4 H-8 A &Ml T Rowas
MBE kKT 52.66 W/m?. {E3E4Z=45 (cold season) (9 J1-3 J1) , MBE AT 15.14 W/m?,
ST RECEY, GLDAS s T Rawes MBE {EVRLBES Y MFEAZTNI 0 5% T 54.61
W/m? Fl 16.95 W/m?,
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(b) Air temperature — GLDAS —IJRA — obs
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Radiation(W/rn2 )
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W
(e

150
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3.3 WEB-DHM, GLDAS/Noah Fl JRA-25 MV.55 7™ il (R 3tdel - 2% LE (2000 4 3 £ 2006 4
12 H):(a) &K precipitation; (b) T Hu[f < i near-surface air temperature; (c) [ T 5 5 downward
shortwave radiation; (d) ] N %55 downward longwave radiation.

Fig. 3.3 Comparison of monthly values averaged at the whole basin among the WEB-DHM simulations,
the GLDAS/Noah, and the JRA-25 product from March 2000 to December 2006: (a) precipitation; (b)

near-surface air temperature; (c) downward shortwave radiation; (d) downward longwave radiation.
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Fig. 3.4 The scatterplots of WEB-DHM, GLDAS/Noah and JRA-25.
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& 3.2 2000 4F 3 H % 2006 4 12 HEBEZE 15 warm season (WS) F1FE¥AZET cold season (CS)I1
GLDAS 5 HBIRDII KT Ryya GEVIHE
Tab. 3.2 Statistics of Ry, s between the GLDAS and in-situ observations for warm season (WS) and cold
season (CS) from March 2000 to December 2006

CS (April - August) WS (September - March)
Meteorological gauge MBE RMSE MBE RMSE
Changchun (W/m?) 15.14 19.75 56.94 60.56
Shenyang (W/m?) 25.63 28.13 65.43 70.56
Yanji (W/m?) 19.61 22.94 52.66 57.98
Basin average (W/m?) 16.95 20.54 54.61 59.45

Kl 33d 44 T GLDAS, WEB-DHM #iI JRA-25 [FIa F K345 (downward
longwave radiation, Ry,,). — DNHERIP] Ry,q BB —3, ZEX . WEB-DHM 7%l 5
JRA-25 P2 b M A . 18 3.4g AIK] 3.4h %78 GLDAS #1 WEB-DHM X [Hf R &
ik 0.9910.

3.4.2 GLDAS/Noah, JRA-25 5 WEB-DHM % HZ- 2% EE

(1 HRLBE

35136 57 T H R EE R BE RN FELS TR ZE B R ET (I a] 3 41 A S D o
MBE 1 RMSEJZ it % EEWEB-DHM (8# JRA-25)5 GLDAS/Noah#ii 43 211, W%
TRy, XEGIHEMBENRMSE) AR 32 2, o H TR AN [ AR 0 4 H
SR 200

GLDAS/Noah fIWEB-DHMAR L) HALSTE B —2((K 3.5a), R, MBEFIRMSE%>
45109764, 1.26 KHN13.59 K (1813.6a) . LAFE (AT 5T 535 H Noah B Ul FRILS T Af i R4
IXAR T B T HHURE K BE (thermal roughness length, — zOR)#E St 512 1]

3.5b fWoR, =AMBIARUELT) H Y ET 20 1R —%, WEB-DHM F1 GLDAS/Noah 2
B R 25T 09121 (& 3.5d) , JRA-25 5 GLDAS/Noah 2 8] R 25+ 0.9110 (& 3.5¢) »
{HJE, 7 7, GLDAS/Noah #4211 tt WEB-DHM 1 JRA-25 [KIREHL4E (i = - WEB-DHM
1 GLDAS/Noah #4U) ET 2 [8] () MBE %5 1--0.39 mm/day ([&] 3.6b) , JRA-25 Fll
GLDAS/Noah ##1[] ET 2 [4] ] MBE %% F--0.28 mm/day (& 3.6¢) o AN[A]1174E 4 1R v]
e FEOZZER], FEA UK AER T & (latent heat flux) — 1545 H .

-31 -



15 3 AT K SRR o £ PR A P S DA 1 5

(a-1) Land surface temperature ----WEB-DHM

e
M

2/24/2000 2/24/2001 2/24/2002 2/24/2003
~ 325
50, 310 - (a-2) Land surface temperature —— GLDAS --—-WEB-DHM
5 295 iAo e YL o
= 280 A ‘
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:
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=
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_5‘ 3 (b-2) Evapotranspiration ——GLDAS ----WEB-DHM
E
T 4
s 2
B
0
1/1/2004 1/1/2005 1/1/2006

3.5 WEB-DHM #iftl, GLDAS/Noah 5 JRA-25 Mitds-t-340i ( H RUEED XJE (2000.3-2006.12) ,
(BTG (I P2 A (0)ZERUA (N TR 1)),

Fig. 3.5 Comparison of daily values averaged at the whole basin, among the WEB-DHM simulations, the

GLDAS/Noah, and the JRA-25 product from March 2000 to December 2006: (a) land surface temperature
(time series) and (b) Evapotranspiration (time series).
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LST_GLDAS(K) ET GLDAS(mm/day) ET GLDAS(mm/day)

3.6 WEB-DHM #4il, GLDAS/Noah 5 JRA-25 HJURIE-IME (H B XFEE (2000.3-2006.12) 5
() 9 R ) A (b, ) S IR (B D).
Fig. 3.6 Comparison of daily values averaged at the whole basin, among the WEB-DHM simulations, the
GLDAS/Noah, and the JRA-25 product from March 2000 to December 2006: (a) land surface temperature
(scatterplots) and (b,c) Evapotranspiration (scatterplots).

(2) ARE

K 3.7a-F 3.7b F14 3.8a-% 3.8d, .7~ T GLDAS/Noah , WEB-DHM F1 JRA-25
RS AR & (AP0 B o X e i AR A 46 ) R AR (Row), 10 1
K EES (Rp), 13RS (R,), WHGEE (LE), B3iEE () DGhEPERE (G).

BEKE, HR =AU R, 2 AIA S 2ZE, SAFE, = AMBRERIT
Ry (Bl 3.72) 45 B . GLDAS/Noah 4146 N BERAR I (& 3.72), 1R ATREAR T H %
IR AT EMETE . 4% % GLDAS/Noah [ 2000 ER ¥R 4TS 4, R B3
0.7773(GLDAS/Noah 5 WEB-DHM)A1 0.7153 (GLDAS/Noah 5 JRA-25), X ¥4k JL3R 1]
AR R B R o

AN AR HR BEARATL B 1 ) B AR ST (R 13.70)0 7EE 2R, WEB-DHMA
AR, M 151 o 15 WEB-DHMAINoah LSM#il iif Stefan—Boltzmann law i1 5 Ry, P9
BRI B AR (o= 1) P00, Atk WEB-DHMA i (4 1) _E K55 Ry, AR 1 E 2 i
HAm s LS Ts S« B m IR (0.9978F1 0.9976, K3 4kHIKI3.41)EH], = AR
UF IR T Ry B

K 3.8a L T = /MREIRLRI SRS (R, (NTRIFA)D o AT, =MEEAE
(¥R, W] & AN A , GLDAS/Noah fi 51 K] Ry, o 1R 7] BT E0IX AN 2 5 - LR MBE 1 RMSE
EIA-31.32W/m* F -27.46W/m® (& 3.3m A1 3.3n), 1M R 18755(0.9814 F1 0.9876). XA
SE R = ABI AR BHUH T R, 21421k

_33-



15 3 AT K SRR o £ PR A P S DA 1 5

O
)
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(b) Upward longwave ——GLDAS — —WEB-DHM ——JRA

Radiation(W m-2)

3.7 WEB-DHM, GLDAS/Noah I JRA-25 MV.55 7 ih (it H P34 {ExT LE (2000 47 3 H £ 2006 4F
12 A) : (a) I _LJE#H RS upward shortwave radiation; (b) 1] LK 5 5 upward longwave radiation.
Fig. 3.7 Comparison of monthly values averaged at the whole basin among the WEB-DHM simulations,
the GLDAS/Noah, and the JRA-25 product from March 2000 to December 2006: (a) upward shortwave
radiation; (b) upward longwave radiation.

] 3.8b LLE T ALFU I HadE i (LE). 7E¥E 2=, GLDAS/Noah 5 WEB-DHM F
JRA-25 2 [A] [R5 B A5 B S 22 531, GLDAS/Noah #5542 (K) U4 B &tk WEB-DHM F1
JRA-25 fWifr. fEMRIEZENT, R, AEHIZE A6 B 3K s E 3P Karo et al.
[2007]® b dig s I A AR R 0 s AR S N & SRR LE ARIE g AR K, T
GLDAS/Noah 1] R, i K(H 3.8a), ., fEXE 7=, GLDAS/Noah #FL[1) LE fK. 2Xifi,
FETRFEY, BT F8H HEREM N o), AR RS goet™> rep 24
S SR, FRFOREZ ST R A KR AL B 0,
FHA (0 = AR o TS i DU L H LE {8 Heie— %K. 2002
RN AR (K] 2.4), FIHARE AT LG, = AMERESAE 2002 AR LE S0
—#(K 3.3h). BALE, “ABIRERIN LE SR TR -2, WEB-DHM Al
GLDAS/Noah ffJ R Z5T 0.9732,JRA-25 Fl GLDAS/Noah 2 [A]ff) R %5T0.9583 (4 3.40
A K 3.4p).
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25 4\ /A Y
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3.8 WEB-DHM, GLDAS/Noah il JRA-25 MV.557™ & AU T 2 {EX b (2000 £E 3 J] £ 2006
12 A) : ()i &4 net radiation; (b)##H & latent heat flux; (i)Z#UE F sensible heat flux F1 (d) Hh
[ #4f #2 ground heat flux.

Fig. 3.8 Comparison of monthly values averaged at the whole basin among the WEB-DHM simulations,

the GLDAS/Noah, and the JRA-25 product from March 2000 to December 2006: (a) net radiation; (b)
latent heat flux; (c) sensible heat flux and (d) ground heat flux.
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3.8¢c BN TEIMERL S AUl E (H) 2% {. WEB-DHM Lt GLDAS/Noah A
JRA-25 WIBHUME MG, (HRBHUN H Z= A8 . WEB-DHM 5 GLDAS/Noah
XFELIf MBE J& —18.35 W/m?®, JRA-25 5 GLDAS/Noah X EL[f] MBE /&£-2.79 W/m*(/&
3.4q F11& 3.4r). Yang et al. [2009a]" > H1 Hong and Kim [2010] 1>*14% 3. Noah LSM 4l
(1) H b SiB2 FULHIAE P 551 -

7F Noah LSM 1, 78 #ll f(H) &l ok fiE 57 R 5743 201 [Chen et al., 1997):

H=pC,C,|U,|(6,-96,), 3.1)

L, p MEEREE; C, REHE T WA, €, RIMAALHREG U, K
0, AN O, SEAH R HL R AR R

Cp A/ il TR Al (K1 R S50, s e, o 1
Bk, ERR, B, HEAR, MR X %), Noah LSM mifli T G (R K7
ARG X T m R (L WARFR), G RAL T (RARA R IR A ) o XA ]2
Noah LSM X} #Uk ki K & (roughness length for heat or thermal roughness length, zg,) [f14b
PIIE R o zon A2 AR T 1A R SIE s 2 TR ACIAH S5 I (9 i 25, PSSR 2 T 281K <011
POl FA R EEEEH OS] Noah LSM 12 H Zilitinkevich [1995] BT zop,
IX AR LR AR - SRR B AR DX SRR AT B 1 T zgn OO, AR¥EIE T Monin-Obukhov #i
BUFIE (K] Paulson Fa5E /7% (stability functions of Paulson) U7z, [RASH & ok S 3
T Cy AHEES

FEZIIR(E 2.1¢), KA XL 60%) AN C3 FHAE o OB, XEY
Noah ] Cy 1R AT BERE Rl T (zon BersiAti)e JTAEG. DS i) Cp DI T M T 2=
H 4K 3.31, & 3.4q Al 3.4r), M S8 T LST BRAE(E 3.5a Al 3.5¢) 12,

SASBARIRLRL A R T HOE (G, ] 3.8d) I H AR AL, WEB-DHM A48 [ 45
R AZAIE R K . X1, GLDAS/Noah 5 WEB-DHM {413 G LA —E(K 3.4s).
Hong and Kim [2010]"°°18 i 75 75 ek 51 J7 LU #¢ SiB2 AT Noah LSM, 73 T [RIRE A 45
R IXIEHT SiB2 [ HIEHA L Noah 227N, [F]I, GLDAS/Noah K1) LSTs (& 3.5a)
REE T G A%, Xt S5m0 H A8 3.8¢).

3.4.3 GLDAS #{#&FF WEB-DHM 7K SCHEEY IR 5

& FRWESLT, WEB-DHM & ) HW (% B i 34T 3R 8, 1% mT REAE AT LE i3k
HABESRATBAE LIRS (bL B A Ik i) . Wi GLDASHR B £ s 6 % HH T ik
B3 A 2K SO RS (DHMS) R 3N, 54 GLDASHS & 4% 55 KA F o« A7l i HGLDAS
KA IR E s SX ZWEB-DHM/K SCHE Y, K556 GLDASTE s /K ST 38 4
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#3350 T GLDAS Syl i) H 12 Roa WASCEATIZ AN ZE50 . NF 3.3 A]
IS EIPIANG5 18 (1) GLDAS R A& T Rowa; (2) S KIIMWZERELE 4 158
H o T GLDAS 778 1 Rowa Bimadti 1, A8 05 R F b TH VI #5085 55 GLDAS ) Ry g 1E
B IE AR 2T (WS, 4-8 F)FIFEAZET1(CS, 9-3 )l #E S H T WA AR B IE )7
.

RS sw.d rev swd >

7575 (Cold season) : R =0.8563x R (3.3)
S Rowa A Rowarer 7302 JEIR IR IE K] GLDAS HATRAR M. Kl 3.9a LHIHF

IERTECT H Rova S HUTEDWIE A GLDAS JFUATE Rea X E e BRIEJG I Rowas JUIL

SRR, Rona KEJEH T 15

HIEZETT (Warm season): R =0.7823x R (3.2)
Fid

sw,d ,rev sw,d °

%33 2000 4EF] 2006 4 GLDAS/Noah L5 i i S8 I 22 18] (6] -3 Ry, q R EE
Tab. 3.3 Comparison of monthly R, ; between GLDAS/Noah and in-situ observation from 2000 to 2006

Month Jan Feb Mar Apr May Jun

GLDAS/Noah(W/m”)  82.88 119.68 172.62 212.33 245.26 246.82
Observation(W/m?) 66.87 105.48 142.25 164.30 193.02 190.34
Difference(W/m?) 16.02 14.20 30.37 48.03 52.25 56.48

Month Jul Aug Sep Oct Nov Dec

GLDAS/Noah(W/m®)  229.59 210.35 176.58 124.92 84.77 71.39
Observation(W/m?) 172.87 168.59 152.30 109.31 75.02 60.62
Difference(W/m®) 56.72 41.76 24.28 15.61 9.75 10.77

4 3-8 HRLARME AR 5 HoAh A 03 AR BEATDRHOR ) i 22

3.9b %Wsn T WEB-DHM 32 M IEI) Rewas JRARTT Ryyar ATHBTHDULIEASTALL T
V(K 21b)H 3R Q. Rava 1BIEZ G, NS RE 0.540 $E=E] T 0.629. [AlHT,
RB MAAE(-17.33%) %K T IE1H(17.64%) X ZHT Raywa BIEZ G, B/ Rya FET
ET {7y, A TIASAEL () 97 A K o

Kl 3.9c LLER 112 GLDAS JRAGT Ry MUFFIE ) Ry o BEAULT 21K F] P 200N 25
BUR o K H GLDAS JEUS R o AR ZEHUR BT LR AL X4 9K 30 ) WEB-DHM #5 41
320 ET K, 11K GLDAS JR5 Ry o AUV E O LSS S AW /N GLDAS 1)
Ry WFIEZ )5, BN ET BERE, 110 0 BN KT . RABFIER Re BT O 5
PR SEIE, NS RE 0.695 $& 5% T 0.839,
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(c) Monthly mean discharge I I
= r 200
g 200 - EEE P GLDAS —— QO obs === Q GLDAS =
£ —— Q_GLDAS rev ——ET WEB-DHM  — — ET _GLDAS 5
& ET GLDAS rev L 400E
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g NS: 0_GLDAS: 0. 695 g
£ 1001 » GLDAS rev: 0.839 / | or
/ \
0 T -\ T il \‘* L 800
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Kl 3.9 GLDAS [n] RS A (R, ) FZIE 5 5 (a) 200043 H £120064F 12 H #r 1IE I GLDA Sk
A Rowa '%ﬂij,ﬁ WLIELAN S 46 I GLDAS KT LE; (b) TLIE VAU .20004:2 H #120054£ 12 I FHU T H
HE (Q), (o)iliidis H] B M IE A GLDAS T4 £l SK 5) WEB-DHMA R FLALL H1 ) £E - 1) F it
(QOMZEIK(ET).
Fig. 3.9 The correction results of GLDAS downward shortwave radiation (R, ,): (2) the corrected
monthly R,,, ; averaged at the whole basin compared with in situ observation and original GLDAS R, 4
from March 2000 to December 2006; (b) simulated daily discharge (Q), and (c) inter-annual mean monthly

0, and evapotranspiration (ET) by using the original and the corrected GLDAS/Noah forcing data for the
Wudaogou subbasin from February 2000 to December 2005.

3.5 Ihg

AT H 125 UEGLDAS/Noah Mk 45 77 i fE I s O FE (P 1, Ak, et T
SANRE . B, KAIKSHEAE 2 AT B TG XS PR S GLDAS(FE K, Py il
Tais W) NRLBHRIT s Rowas A DASHARSS ) Riwa), HBTHDWIN(P, T M Ry,q), JRA-25MV.
72 W (P, Tairy Row,a Ry o) MTWEB-DHM#T A B (R, e Rpa)o 56—, AT 5 H H04 41
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B X . GLDAS/Noah (FliTilif )%, LST; Z&#ik, ET; In) BATRBARM, Rowus 10 FADK
I Ry RS, R, WHGEE, LE; BHGlE, H; AHii#UEE, G), WEB-DHM
BARAN(LST, ET, Rowus Riwus Ruy LE, HAIG)AIIRA-25MV2577 5 (ET, Rwus Riwus Riy LE,
H, F1G) (K 3.1). 2=, KX GLDASEH (P, Ruwas Riwas Turs Qu Ps, URIV)IRZ)
WEB-DHMAR ¥ GE T (K13.1). 5 1H] A20004F2 H 24 H £)20065-12 H31 H

LER LW 55—, GLDAS, JRA-25FIWEB-DHM (SZUUME) (K] T 1R LA — 35
H1 T JRA-25 (1) 2% [ o3 HE A Ak, 5 80U 0B W AR WA i $2 2, JRA-25 FEK L
WEB-DHM CSZMUMED ik, GLDASFE/KNELT T-WEB-DHM (SEI{ED ; GLDASHY
Ry a5 EEAH Y (JTRA-25 FTWEB-DHM (1 SEIIAE S D Bk

%, WEB-DHM 401K H 4 LST CHD (1WA L GLD AS/Noah 48, 25 F ki i (XD
1X /& T Noah LSMIFJHUHLRE K Ffroughness length for heat (zgp) 1T ANHERM MM T 3L
Noah XY I Co b 38 i, sl 10 G 3 B N RS I H i 7, MUTTNoah #5481 1)
LST/w{%; WEB-DHM, GLDAS/NoahF1JRA-25 UK Ry F1 Ry L3 —%51; WEB-DHM
R G AR A0 Ve ] L GLDAS/Noah %k ; WEB-DHMFIIRA-258 4111 HF-¥4R, F1 LE
PR —3, (H2 AT 1#0 K T GLDAS/Noah B 45 AL, 3X &t T-GLDASKI Ry, i it 185
ip

H =, 4 T K% GLDAS/Noah [ K E 4 3% 3 i 4uk RUBE 43 A s /K SRR 1 g
WEB-DHM# AR GLDAS i 4f K 9K 8 s FME 1E B IR S A AT 3R 3l il T
IR GLDAS KA mi i T Rowa ETHAE SAl, IR EBRAT T o MR BIEZ G,
ESRUIE AT EE A, BB BT AN B RS P 8 e 1

X2 GLDAS/Noah 15 XA R K SRS () 3R S B AL, 45 5 GLDAS/Noah ™ fi it
RN TR B B CAK E R B $efit TR fRRE. tk4h, 38l GLDAS/Noah/™
it -5 H DU EE, 1 RO LGLD AS/Noah ][] 46 38 5 56 4% =i ik o [R]I# GLDAS/Noah
B 45 R 5 WEB-DHMANRA-25 (IAAUAEEAT X L 20 A, RILGLDAS/Noah [ #UfH i
B Cco) T EAFAEAIE P, %85 X TIRN T AR B L S A e A B2
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4 WEB-DHM 57KEZ BRI AEREENIES

4.1 3|

LA 1R I e 5 B K VL R AN T8 o 0 FH K T SR P 4 1, & B BEK
PR R AFICh EE ), K BT K SR B T R A% T AR A K R AR A I E
ARG FIZ BRI, I B R AR MR 2 4R ER . o T iR tix 2655 24
W, VE AR GEAR S, WU, R TRERIL, N ARG 4 L A% 8315
T2 H AR FE 5 VLR 30 R 12K AR A bl R o A 52 I R0 R SR A 73 11
P, LT 2 S KRR RS ek B R T T, BUAREAS T )
(R, A ER T ERAl R G 1 S A4 T DR TR (A o P, ik e s R S
FH 1S B K R 2 T AR AR 22 ] 02100,

HeAt, AEFRIE AL T KRB PE U 5 AF T, Besi 28 10Ul (6 -9 1D, Wk
BOKKCF, MAEARRMIBE R MR, o MK R, XERZFEILN M E, EXF
BEF s KK A TR R R /K I 1R B B2 U A Sk . WEB-DHM BEAYZE IX Fh 4%
PEN REAEDH IR AT L KB A28, JFREMERA B KA BE R A (2R —. =
) o Kk, AFH WEB-DHM B K FESCIN AL R TR 5, O & BRI HIK %
RS, FIRAE B BN T P AR 3 o B EA T 9

AT LLEWKE N EB], E e dUKIEZ bR SEepeiy, BR S = A Hbs:
KPR Bt 2z 4s s K RBt 22 4ss XSRE K HR . DA SR T e R T
5% (Shuffled Complex Evolution developed at The University of Arizona, SCE-UA) .
B T KRR N T K FE R MR REME TR A . CHA R T8
Ttk a0 BLRHABA SCE S Chndt DI B B MUK PR B ) SR =, guil T
WEB-DHM BRI HATEK (LD 2001, 2004 A1 2005 44K 6D 145 R 500,
A A T ] TR K 28, I P S0 1 58 2 AR R A A T R

4.2 MEHE
4.2.1 RE SR
MR R LK 4.1, RGBT 810, BRI,

Step 1. FRHUHT KA 1) QPFs /= s (T T i 8 KD
Step 2. W HIi% QPF 9KXz)) WEB-DHM #4, 43 2 FHR /K BN Qin; (¢ <i <Tia)-
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Step 3. IKEEAALBAYZ AT UG BIAAL 7K BER Qout; (t <i <Tg). 7E4HTHS 207K
PR A T UL A TR Rt o BV FH 7K B P48 5 2 i M T UK R R v R —
IS RIKPEPEZS Viey . IKIEIKBLH)AN Vi 38R = b B H 1 2] o

Step 4. {E4HTINELG = A, FIHMN S E 555 WEB-DHM #5445 K S0k
AT N BERIEIIR & (K 4.2)

Step 5. WERZ LRGN, 2R B BIATUHAR), WRS 1L B,
Stepl-4 KI8T, {F step2 (5 4) F1 3 iz FIRIE 3575 4.2.2 F1 4.2.3 Tk,

EPROS RZLLHAST LT IMA 2R REEUWIAR 8 RIGEE R IHRAE IR .

\ 4
Newly issued QPF over lead-time (¢ <i
<Ti-1). 4

v

Forecast deterministic dam inflow Qin;
(t <i <T}4-1) using WEB-DHM.
¢ t<i<Tyul

A 4

Optimize Qout; (t <i <Tj-1) & State
transition: V;, H; > Vis;, Hiv .

v

Update soil moisture conditions (i = ¢) v
of WEB-DHM.

- Terminate
i=t+1

condition satisfied?

4.1 % HbmKESERRAG T R G (MRROS)RFEE . RGETILI(Ta) /2 8 K.
Fig. 4.1 The flowchart of multi-objective reservoir real-time optimization system (MRROS). The
lead time (7};) is 8 days.

_41 -



15 3 AT K SRR o £ PR A P S DA 1 5

Current Future 8 days: optimization, Qout; (t<i<t+7)
A .

~_ .
bt e w2 [ Jee w7 [ ] o

e
v

Operation: Qout,.
Bl 4.2 K L R TS T 2 11

Fig. 4.2 The time window for the reservoir operation.

4.2.2 iIFEHY WEB-DHM & EY

fEIX 5L, WEB-DHM 7R /K SORATE BT A% AT T il . WEB-DHMAR R 77 74t
IR Z BT R K R AR I R R 43 IS AT « FEHK R AEZ R (b, 4R H 1TH Btk
2 1), WEB-DHMA Y S phy b T £ A ES s AT SR B LAk B (R /K SO AliT o 7
PR AR, WEB-DHMBI AU SLIE TR TR, % AT 46 Pl iz A7 8 Ry
AT ETHRIZ ATt , WEB-DHME R iy TR 5K 2 LAAS 21 700 0L (e, ¢
<i<t+7; B4 DR KENER . EMNIEITHF, WEB-DHMEIALZ i SZR
MIEHE IR S o WM AT AR UOK FER BE S R Ja (e, i = 1 4. DA T DL
IR A, AN R TE AT R O A . BRI R T, K SOIRES (RIS
AP B A 7K VR BE SRR I AT IE SR (A B BT o X Fh L AL A2, WEB-DHMAEL AL BT
MAERA R, 54 THRANESATI
4.2.3 IKEEMRALIREY

(D HAsKEL
ARG = A bR K (K BB (o), AR Rl bt 2 4
(fea)s FIARRHIK (o) "o fror N fio.a 53 ) I 55 /M I ot 2K RS R g /N B
P SR R ST B £ WTE I B M AR AL H AR KA 2 1) R 22 EAS 3
X=AHbs I ARR:
S, =min{max(H,)},1<i<T, (4.1)
S eq =min{max(Qctl)} 1 <i<T, (4.2)
S =0 = H o} (4.3)
b, TACREREZE, B0 R H ACRINBC G RKPZERAL A7 m; Qctl; AR
R B i b, 0 m/s; Hr A Higge 50 BRI K PEAZKALAN H AR KA,
Bz mL IX A H bR R iR AR E] R
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S, =min{max(H )/H ;1 <i<T, (4.4)
fq =min{max(Qctl)/ Qctl,,, } 1 <i<T, (4.5)
fwu = min{|HT_Htarget| / |Hdead_Htarget|} (46)

N Hi M Hyeaa 73 2R KL ABEIKAL, BT ms Qctlpa 725 Rl K
BT /85 Hyarger 2 RS AKIEIRAL, B0 M. foy, fioa B frw SOBET O K1 1 2010 X
AN H bl A 7 v T T AR H AR R £ O,

fobj = ffc,r +ffc,d + s 4.7)

(2) ARG

O P

V.., =V, +(Qin, — Qout. — Qloss,)x At , (4.8)
KH, VR Vi B R EER RS, YA m’s Qing F Qout; 4 il j: I B

i KPE NI, BT m/s; Oloss; 7 Bt i AKFEZERIBIRIIIS, B07: m'/s; Ar &K%

i (=i ] 1] R VA

@ WEZRL R
O, win SQout, <O, s (4.9)
K Qiin A O 23 IR B N KK PEMER, BAL: /s Qppin LAERE/INTR K

ENAWN: Qimar CAKEMFLEE 7 R T Ui il RS LSk A 2 0
O, max = MIn{Q, i, Octl, . — Oine, }, (4.10)
X Oy apitiy AR PEMRBE 1, AL m*s; Qine, SR X [A]SKIK, FAA7: m'/s.

@ UEARMRA R
| Qout, —Qout, | < AQ, (4.11)
AQ W BLi— 1 FINBL i (1 <i < DZ AR EAZIBELA R, A m’s. FiRKIFRA

AR 23X UL R HUH L 3 i AT,

@ IKEEKLH
Vieas <Vi < Vim »
K Viead U Vi 53 BERE B T FEARL AR KA (R K PEFE RS, B ms

(3) Q’Jﬂiaﬂtﬂhﬁﬂ

LIS A ) FUE L2 A AR A 550 B B V2 Al TE A0 o ) ft OO0 4 ) g

??ﬁf%i’\]ﬁi%ﬁ%ﬂi@fiﬁ@ﬁd%}& (B AR TIANTTAT ) « BFICRIE, BN ik
GESIH T B ESEN kgl oo, —fghh, sha@yimioaa
X[165]:

(4.12)

Eed
=
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H, =(Ck)*x(f)’ 1< j<p, (4.13)
C oa Ml BIEHEHL, 0k C=1,a=05,5=2; k RHELATRIENREG (<)<
p) W IETIREE L (L 4.14-4.18) , p ((XH p=5) & fi 2%

fi = i[min(o, Qout, ~0,,,,)°], (414
Z[max(O Qout, -0, . )1, (4.15)
fi= ;[ Qout,_,|-A0)’], (4.16)
Z[mm(o ViV, i)', (4.17)
Z[max(O Vo=V )1, (4.18)

ARG S, TR BOR AR AIE CR T 5 BARGAF BT s
TEST R T UL, N IR A8 T R B OT R 4.13) 0B HAR R BT 72 4.7, L]
TR RV AR O T A ) 7L

Fzﬁbj+min(i1-[j}, (4.19)

R R E [, R 419 B an E—MRKIE(EH, 1 <j <p), Kz
1To BGOSR X EREAT, MR AT AT X 88 [ Yeniay, 2005], HHHEE
PBNEAAR . AATREROZAL T 0 F1 3 200, F BN, fEEIL. RSB V, B
A Qout,.

(4) s

AAHFTH) FHAE W F I8 K2~ (The University of Arizona) JF & HI¥EH (shuffled
complex evolution) #5(SCE-UA) #!*!, SCE-UA & — A& ¥ i 4 /it 835, %
SRR T2 NI R . SeF BEL RIS 28t . SCE-UA Sk L&) 2 B T 7Kk Sofst
TSR U  RUK PR A TIP3 4 e

KRS BT E IR R, BRI N GE S Duan et al. [1992, 1993, 1994]
BBk, FERTAT MRS MIBE N LAE B — A8 36, iZ4IBUE i A2 ML 58 =,
B/ NABFE DA DT 3k S50, RERE— BN TA), AR B ER, SRS EE
O3B, LB S> = REAS /N A o IR AL FIVE R T i — H A, R AL 2k 40 U8,
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AR ES A TR ™ it RN TR K SOK R BE IR TR P 24 /N (H), T 192
/N8 K)e WEB-DHM HEALZEATI (A 20K 1 /M

4.3 IKERIEIENE

4.3.1 FiHKE

F AL T B AR A S AMETT L& 4.32), VISR 42,500 km®. 20 47-F-30
FHIBRHAUE 22, 600 km?, ZFURMII ORI 72 . FilKPERE T 1937 4, IFT
1942 SETFHAE /K o IKPE BTSSR RIK )y 2 Lo AKPEZRBUR 10,988 X 10°m’, 4E4%
WAEALIE], T0%NERESAETY (69 ) o FERfFRRB oA, KM
/P o B 737 m¥/s R 164 m¥/s. AXIIBOE S KRR EZE RS A%, 245 R W
2 700 mm, 60%-90% 1] FEKEEFAEIN (6-9 ) o RE W FFEKEE KAAEAR R
IFTR) P, 20 e A v O HLAE AR KX R0, i e il s K+ 5, RH R AES
WA R B, SEEKERE A B KERHRSEI TR 4.1 H
RBHOBFE K PEEZR- /KA -2+ IR h 28 RN K FERFAE 7K A

® 41 FWUKFERES

Tab. 4.1 Fengman reservoir characteristic parameters

Item Value
Dead water level (Hzeaq) 242.00 m
Limited water level (Hj,,) 25790 m - 263.50 m
Dead water volume (Veqq) 26.85x10%m’
Water volume corresponding to limited water level (V) 88.49x10% m’
Minimum river discharge at control point (Qct/,,) 218 m’/s
Maximum river discharge at control point (Qct/yay) 2500 m’/s
Variation amplitude constraint between period i-/ and i (AQ) 600 m’/s
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Fig. 4.3 The Fengman basin: the location in China (a), and the basic hydrometeorological datasets (b).
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4.3.2 HEXRSMIR

fiff 5 PE R BUE FIHR NWP (Numerical Weather Prediction) &4 /& M\ H A4 T
Japan Meteorological Agency (IMA) (14 EkE{H ik Global Spectral Model (GSM)74
F1¥. GSM B H DY LA P NWP f= i, 84 /NI ERE H 00, 06 F1 18 UTC
KA, 192 /NFFRAEREH 12 UTC AT AT 5T IMA B9 NWP 7= i 3 41
HiRiE 2% Saito et al. [2007]172 Yamaguchi et al., [2009] "2 R A [2007]14%,

IMA e NWP TSRS SR RE (G o Sl AR,
RN SRR IEIK o 192 /N TR 0 IR FIRI 46 I )2 12 UTC. I 8] 53 3% 2 43531
JE 6 /NI (0-96 /NIFTIAR ) 12 ZNEF (96 /NI R 192 /NI T o 77 i 2R TR o R
& 125 FE (4y 125km) o TR = A 2002 4F 5 15 H R 4h, W DU
http://gpvjma.ccs.hpcc.jp/~gpvjma/ Zil
http://database.rish.kyoto-u.ac.jp/arch/jmadata/data/gpv/original/ " #4532,

4.3.3 M@

HO T A SO AL HE H K . AR . ROl Hfe s HEARAE. H P
VR RN, X N A SR (CMA)RAS . i3 E 23N k(] 4.3b),
Fiof B3 4 7K M I B 70O o B ATL B R 324 P i LAY Rk (B 4.3b), i
B M H e i, H A0S T TEMPAS R I 2 529 3], i Js 1Rt — 20
T OULI ) H P38 AT T 30 UE o /N ROBE ) AR B S DN R B A R
1L Yang et al. [2001, 2006] "> 3UTF R (TR A BRIV SEAF HY o /NI RORE 1) R KR B NS,
W, ARREE, AU, PG S A I R A I B R S Z RIS R A . =&
MIRA-25!35T (http://jra kishou.go.jp/)3f A5, Hu 0 8 i b s R i 4945 139, axueg
G R I S B AR 1 1000m X WEB-DHMBS R 5 j A% . AF— AN P TR
MO TR RIS FH AR AR (6.5 K/km) T8 ) 2% [ AL B T RIS Gl (1) s R AT 18 1

FHKEE 2000 4EF] 2005 FSM A H T WEB-DHM #ER KL (] 4.2b) , il
IKPESSEATHCE T /K FE S R R 40, XSk H F K S B . IR Bk IS
ITHIR AR IR M. KA (ERD FUKFE# . 2001 4F (7 H 25 HE| 8 H
25 H) , 2004 4 (7 H17 H#EI8 H 15 H) 12005 4 (8 H 8 HE| 27 H) /KR
TARUMIFE, AT H B AT X R (10 4E—38), iZ% 3 357K kg 53 52 5328 ms,
3242 m’/s 1 3429 m’/s.
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4.3.4 DEHIE

DEM i M52 B b 5T i 25 S5 (USGS) 3k45 (http://seamless.usgs.gov/) , DEMT- [ #%

Hu TR 2 100m. BFFTRI R FE 168 m#] 2396 m (1¥4.4a), KL IE MOSERI275 (8]

4.4b). +HF) FHE i MUSGS 3k 45 (http://edc2.usgs.gov/glec/glec.php), -+ HuF| 2

532 g STB2AS 3 R FH 2 AN, kA 8l - R SRR, R i R R A

L MR R (K 4.40) . 30 I FURAR AL A Bk - e RS,
Aot HHERA, 2 AR AE YD FURL 1 Lithosols (I-Bk) (&14.4d).
(a) DEM (b) Slope

DEM (unit:m) N Slope(unit:degree) N
Value A P Hich : 26.6494 A
P High - 2396

- Low: 0
- Low: 168

0 30 60 120Km 0 30 60 120Km
(c) Land use type (d) Soil type
Land use Soil Type
N N

l:l Broadleaf Deciduous Trees
- Broadleafand Needleleaf Trees
- Meedleleaf Evergreen Trees
I:l Meedleleaf Dea duous Trees
- Short Vegetation/C4 Grassland
- Shrubs with Bare Soil
- Dwarf Trees and Shrubs
- Agriculture or C3 Grasslan

- Sandy clay loamn Lithosols(I-Lo)
- Clay loam -Phaeozems{Hg)
- Clay loam -Phaeozems(Th)
- Sandy clay loam Lithosols(I-Bk)
- Clay loam -Planosols (We)

A l:l Loam-Lithosols(I-Be)

0 30 60 120 Em Q 30 60 120 Km

Kl 4.4 RiFHT WEB-DHM i DEM, 3, Mo A+
Fig. 4.4 The DEM, grid slope, land use and soil type used by WEB-DHM
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KHWITIEH] Sellers et al. [1996b] Mg X iSRS 5, XUSHOFEE,
SERVERRE S ShASH S A FE T T FE 20 LAT gl s i ol e &/ e
HORSH 40 FPARG AT MOD15A2 1724 L 8 K7 S 281345, R 4 [ it (Warehouse

Inventory Search Tool, WIST, https://wist.echo.nasa.gov/~wist/api/imswelcome/).

4.4 2R

4.4.1 WEB-DHM =3Pl itk 7Kk 36 4F

7E55 %5, WEB-DHM #8Y (28 7E HE A UL E (& 2.16)F1 F 2000 4F 2] 2006 4
) H P39 A 8 R Bk HITELRE LST JEAT T S g M AE! 70, 33k HLW %3 HH 1) A S K
JE BE R G N R RS AT KB . fEARWEFTH, 047K (Hongshi reservoir) DAL
W KB RE IR SeAh, AWFFT 32 H 12 U] 524 (Fengman reservoir) (&
2. 1b) I SER B ik e DRI, £0AKE I R AN 2] T WEB-DHM B, NS 5%k
FFRX i % RB A& M- T WEB-DHM BEEGAF 4k 280 GES WL ) .

9000 P 0
60007 ) 2000-2005 7500 S| [ o
> a - i > 7 = =
2 {1 - bs — Q WEB-DHM @ . . 30 =
'E/4500 | Q_obs Q Mé 6000 4 (b) 2001 [CJRain_obs Q_obs ig
g, NS:0.843: BIAS: 12.29% 5, */"\. — Q_WEB-DHM 00 g
53000 1 { 5 4500 7 : B NS 0031, oo E
- £ 3000 | Q: NS: 0.9301, =
& 1500 3 1500 | BIAS:EO‘SSA L1202
04 : 0 ‘ ‘ ‘ ; ‘ =L 150
2000-Jan  2001-Jan 2002-Jan 2003-Jan 2004-Jan 2005-Jan Jul-25  Jul-30  Aug4  Aug9  Aug-l4  Aug-19  Aug-24
= 0 0
6000 H U HH UHU U0 Um 0o 6000 [T T OO T[T oo Hu
I F20 = o (d) 2005 F20 B
- | . = L 4
%4500 (c) 2004 — Rain_obs ° Q_obs — Q_WEB-DHM 40 g %4500 CJRain obs - Q obs — Q WEB-DHM L 40 g
=4 ] . e 20 | o - NS: . g
53000 - ) Q:Ns:0933; [0 & 2300 Q:NS: 0967 gy =
z : BIAS: 1.70% £ 3 ~_ BIAS: -4.39% g
A 1500 e Lgo & A 1500 N . t 80
0 ; ; ‘ ‘ : 100 0 : ‘ ‘ 100
Jul-17 Jul-22 Jul-27 Aug-1 Aug-6  Aug-11 Aug-8 Aug-13 Aug-18 Aug-23

4.5 WEB-DHM FAUEILIK i /K H R & (a), ORIV KRS (b) 2001 4E31UY (7 H 25 H
28 H 25 H), (c) 2004 =M (7 H 17 HE 8 H 15 H)FH(d) 2005 FH (8 H 8 HE 8 H 27 H).
Fig. 4.5 The simulated Fengman dam daily inflows by the WEB-DHM (a), and the enlarged hydrograph
for (b) the 2001 flood season (25 July to 25 August), (c) 2004 flood season (17 July to 15 August) and (d)

2005 flood season (8 to 27 August).

[ 4.5 5% T WEB-DHM BURHBHIIG T3 K H PN RQ). 1 4.50 o
2000 4F 51| 2005 4 ) H I R AL UGB AT, NS REZE T 0.843, RB 2% T 12.29%. 1 2001
SEWI N7 H 25 HEI8 25 H, Kl 4.5b),2004 4N 7 H 17 HEI 8 A 15 H,
4.5c), 12005 EIIACA 8 J1 8 HE 27 H, [l 4.5d) Bl H AR SR, NS REHw
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F-0.931, RB (4axHED /N T 4.39%. FEL0ATKEERLINAS B 7K 22 AR A rT EXT NS
RECH W AL, AT, FELLIERKE TN S, KR 2] T 204K )
MM o X e 25 L B WEB-DHM BEHCEF 0 H =32 367K E A v 2 e
Pst, WEB-DHM #5878 T35 37K 22 RN Rt 2 T
4.4.2 ITHIBEITEE

EPROS ZiAE Fiiisxt 2004 4EF1 2005 E3 K FEREAT T 964F . AR IEILA 1%L
TR, A K EECILIE 2.10) 1 ST A ik A2 T WEB-DHM B rf, 233 7K 22 1) HH
FE R f e EIXPMEOL T, #Ha51 HHR(Qetly) 5 T 3 7K e it (Qout;) . 2004 4F
F1 2005 LK KK BERTUG KA 53 530 6 B 253.67 m A1 257.58 m(MLIED) o 5T P54 it
KA B AR A 3401520 263.50 m (VTHER ZKAZ_E B o X5 A 2004 4F (A7 H 17 HEI 8 H 15
H) A1 2005 (M8 8 HFEI 27 H) P/KiLFE, WEB-DHM BRI R 46 44443 ) J 1l ik
M 2004 41 H 1 HEI 2004 4F 7 H 16 HAIM 2005 4F 1 H 1 HE| 2005 4 8 H 7 HigfT
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Fig. 4.6 The Fengman reservoir optimization results (daily) by using deterministic JMA NWP data from
17 July to 15 August 2004: (a) the optimized reservoir water level and release; (b) the optimized objective
function.
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Fig. 4.7 The Fengman reservoir optimization results (daily) by using deterministic JMA NWP data from
8 to 27 August 2005: (a) the optimized reservoir water level and release; (b) the optimized objective

function.
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Fig. 5.1 The time window for the QPF perturbation.
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Fig. 5.2 The spatial distribution of the daily accumulated precipitation (APCP; unit: mm) for the

observation (first row) and the JIMA deterministic NWP predictions with different lead time on 23 July
2004 (a), 29 July 2004 (b), 12 August 2005 (c), and 17 August 2005 (d).
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Figure 5.3 The maximum and basin average (Hongshi-Fengman basin) precipitation intensities for the

observation and the JMA deterministic NWP predictions with different lead time on 23 July 2004 (a, b), 29

July 2004 (c, d), 12 August 2005 (e, f) and 17 August 2005 (g, h).
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Fig. 5.4 The MBE and RMSE of maximum and basin average (Hongshi-Fengman basin) precipitation
intensities for the JMA deterministic NWP predictions with different lead time.
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Fig. 5.5 The daily precipitation of deterministic IMA NWP forecasts and the perturbed forecasts
(both with 1-day lead time) comparing to the observations averaged at the Hongshi-Fengman basin (except
the Hongshi subbasin): (a) from 17 July to 15 August 2004, and (b) from 8 to 27 August 2005. Here, the
ensemble uses 30 members; and ‘fcst” and ‘obs’ refer to forecast and observation, respectively.
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Fig. 5.6 The comparison of CRPS (a, b) and RH (c, d) for ensemble QPFs obtained from EPROS and
JMA: (a) CRPS from 17 July to 15 August 2004, and (b) CRPS from 8 to 27 August 2005; (c) RH for IMA
QPFs; (d) RH for EPROS QPFs from 17 July to 15 August 2004 and from 8 to 27 August 2005.
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0 25 S PR AN Pk K R B R AL T A & AR
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6 ETESMIRBIKELEEERS% (EPROS) FAKMNH

6.1 35|

T JLA, RS T /K EEAG T EE DT T e T — 28850, Faber and
Stedinger! "B I AL BEHL BN AR 7 G 3 T ) s RABE B A AR A TR TR A TK
ERE . Saavedra et al.P*V¥s 2 FE R FIAR AR 22 (1) 18 /INIFFAL I 6 R T4 S 1 T 7K AR
PTREE o SRTT, 2 S I B A 7K ST A e 5 P AR K RS R ZE KA At 3
JrTl, HAEGEBAWEIT, X P R AR A B .

AFE) H RS A K SCIHR S 7K ZESERE AR, DS A 7K 22 SE I g sk d it 2
%, AN RGO T SE I K IR B S PR N A R o e, AT

(BT HuKESCIRAR IR (BB DUEE) BHATRES, 7 Saavedra et al., [2010a] V2K ¢
W 5 3 FF 245 Dam RElease Support System (DRESS) [F3&fili b, FFARFETHEAS TR
IKIEEALZR S (Ensemble Prediction based Reservoir Optimization System, EPROS).

B, ARG REMNEEARL M 5, WIS B 0 im et 2004 4EA1 2005

SEPUKATIOR B &5 s 56 =, 1718 EPROS RGEMLL IR IR H o

6.2 EPROS F%

6.2.1 EPROS B {R&5H#

EPROS R = AT, 25l 2B K TR (QPR)PLahibiy, K SCTiRibin!,
FZKEEARAG T EAR . QPF Pt U R il i1 53 25 8 K QPF i 8 A s i) 43 A1 15
ZEAFEIM, PLshi) QPF Al IMA E (i i th GUrth =Gk, RO, ACHs, FAH I ) 3K
%) WEB-DHM %! [Wang et al., 2009a, 2009b, 2009¢, 2011 LAAE iR 4 N JE i TR -
DAER & TR L B A R i AN TR 7K EEDR AR T s M g ima K R AR AV, /M T Tt U
HN 5z NG A KA e H A A ARA 2 181 (0 22 530 o 30 285 4 517 b By OO0 e ot 4 A 40

(SCE-UA $i) BRI 50 BT o 45 i AN AL 1) 8. EPROS ZR 4845 by i L I
6.1. RGBATIA NN, BEiWT.

Step 1. JHLK QPF 5 MIMMEIEATXI L, 15 QPFs fEik 25 8 K (-8 <i< +-1)[M5iR %
Mizsal A2, QPF PR 45 AR A E (weight, w)EIR.

Step 2. {ETILI Ty B BN (¢ <i <To)%F IMA [#f5€ P QPFs #E4TH05N, $hhiE i
B w A

Step 3. N HPLEIH QPF UX5)) WEB-DHM, £4 21 T4k (14 & /K NG Qin; (¢ <i <Tjg)o
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. A
> (};Zvahzatz the QPf)s d?rlng t}?e lfa(st ;% 8< i<l
ays (-8 < i < t-1) using weight (w).

)

Perturb newly issued QPF over
lead-time (¢ <i <T};-1) according to w.
Forecast ensemble dam inflow Qin; (¢ 1<i< Tyl

<i <Tjs-1) using WEB-DHM.
Optimize Qout; (¢t <i <T;;-1) & State
transition: Vi, H; > Vivj, His.

v

Update soil moisture conditions (i = ¢)
of WEB-DHM. \ A

it 1 Terminate

condition satisfied?

51 FETARATHRAKZEAL L R SE(EPROS)FRAE I . FULIN(T) 0 8 K.
Fig. 5.1 The flowchart of ensemble prediction based reservoir optimization system (EPROS). The lead
time (7},) is 8 days.

Step 4. IBAT 7K PEARALA Y LAAS B OLAG 7K PRI Qout; (1 <i <Tug)o 1E4HTHIZIIK
FE I 5 T LA B PR K R IAE o I FH 7K P18 5 i P A T ZK PEPE S VR — )
ZIKIEERS Viero KEERALH) N VI ks B H =G A3 3

Step 5. 7EHIIN B = o)oK, FIHDWI TR E 9K 2) WEB-DHM A8, 5EE K SOR
BTN T — I BRI IR 41

Step 6. WL L1441 (bhln, ARRAAREEE fEAUAR), MRS L =0,
1-5 B R EIBAT . 1 steps 1-2, 3 (45 5)F1 4 iz B HI7E 6.2.2 3] 6.2.4 Tk
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EPROS R4t LA IMA 2 ER R EEFUILIN 0 8 R I BAE R T HHRAE R K5 .
6.2.2 REKIIE

QPF NSRS 5.2.1 WEIAL . fEATE, BGTR D71 10, 30 F1 507K
SRS (WEB-DHMD HUKEDUACAR A 730 K ] 4.2.2 F9F1 4.2.3 R . WFFEIX B F
WA (4.3.1 795D o BERTIHRCR FH 28 T R Gt O vE A U A & i . AR T AE &
HZ W 432, W 5 DAESEE S 4.3.3 M14.3.4 WG dT 2001 4 IMA JfR
NATEAE R IR EHE (2002 4 5 J1IT4R), B AR AR Sk 0 (ECMWEF)
KA B F WS> BT Interim Reanalysis [ERA-Interim]!"*4 5 4E 24 EPROS %48 2001 4E ()
KB . ERA-Interim I [A]FD 5 (6] 20 2843 i) 3 /NINFAT 0.703125 F£(N128 reduced
Gaussian grid). ERA-Interim Z(#5 A\ 1979 4 1 J 1 HIFGR4E, JF LT SNt i 77 20 A
24, KT ERA-Interim B F4N 1R 1E S I http://www.ecmwf.int/research/era/ .

6.3 NMAHZER

6.3.1 EEMIREITIEN

K6.245 H T RS TR 7 iE520044E (K 6.2a, 6.2¢, 6.2¢, 6.2g Fl 6.2i)F120054
(Kl6.2b, 6.2d, 6.2f, 6.2h F1 6.2)) /Kt FEREAT/KIENATHEE I A5 R . Bl 6.2aF16.2¢XT L
T 20044F YKk FRAE A Tidi 45 S 5 W 7K e HONIRAI IS s AT 45 1 (SR T . Tt
AL 430752004 47 7118 H (K16.2a, TKELFYEL) #12004 -8 F2H (& 6.2¢, BHEHTEY)
WILE . EHEAT 4R (1, 200447 520 HAI21 H) Bk HERY B I db R BEARAS T, 7R
B BOAIRAS T, 20044E8 HOH AT H) o B PR /K FIA T IX LA EPE . 200544
KA A 0 T e A A TR A VB R TS (i 11 6.2b116.2d)

6.325 tH T EPROSEE A TR X 20044 F12005 4 1k /K i #2 ) CRPSFIRH. Xt T-2004
EUK, TEBKEEPY B, KRS TIHR A MINCRPS 1.6 ] 639.02[0; {EiEELMEL, /K
ESEA TR AT ICRPS 44.08517.2 (K16.3a F16.3¢). XF T-20044E LK, 7K PEHE & TR
AL CRPSTE Kt /K (i Be 71 82.741639.62 [A]; CRPSAEIR k[ Be 1 185.8 F1470.4 2 [H] (K]
6.3b£16.3d). [E6.3ef16.3fHii& 72004 A1 2005 ¥tk RH. 2004 FiI 2005 K=,
# 4 7n TU-B RHo 20044 F12005 473k 7K Ut 2 5K s WA V& A £ A TR IR A 2 AP R
43 ) 320.56F10.63 .
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2004 flood event 2005 flood event
S0 4500 ©
@ a 7 . - —
ME 3000 - @ Ensemble — — Control —— obs ME 3500 A Ensemble Control
= = 2 —obs
%2000 E % 2500
1000 Z 1500 -
0 500
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5000 5000 -
2 @ d 2
(o © Ensemble — — Control —— obs s @ =
E3500 A £ 3500
z 3
] o
%2000 % 2000
a A — Ensemble — — Control ——obs
500 500 T T T
Aug-02 Aug-04 Aug-06 Aug-08 Aug-15 Aug-17 Aug-19 Aug-21
2500 1500
220001 (e) — Ensemble = (f) — Ensemble
iﬁ 1500 ~ ~ Ens_mean "E/ 1000 ~ — — Ens_mean
2 E 2
£ 1000 £ 500 4
S 500 A - PN 2 .
0 T T 0
Jul-17  Jul-22  Jul-27 Aug-1 Aug-6 Aug-11 Aug-8 Aug-13 Aug-18 Aug-23
£ 261 - g 2637 ()
5 258 % 261 1
B -
2 255 Ensemble —— obs 2259 1 — Ensemble —— obs
2| Htarget ~ — — Ens_mean 2| — Htarget ~ — — Ens_mean
252 T T T T T 257 T
Jul-17  Jul-22 Jul-27 Aug-l Aug6 Aug-ll Aug-8 Aug-13 Aug-18  Aug23
= 3.0 = 3.0
g . = .
E @ —— Ensemble — — Ens_mean 2 0 —— Ensemble ~ — — Ens_mean
2 2.0 2 2.0
o o .
2 2 - - N
g % 1.0 4
= =
© 00 ‘ ‘ ‘ ‘ ‘ © 00 ‘ ‘ ‘
Jul-17  Jul22 Jul27 Augl Aug6 Augll Aug-8 Aug-13 Aug-18  Aug-23

6.2 RATHRIIKEENG(a, b,c F1 d), i (eand ), /KEEKA(g F h), FMHREE (@ M
j): 2004 (a,c, e, g, i) Ml 20054E (b, d,f, h, j)it/K. XH, obs’fCFRMME; ‘control A K I #f
SETEQPFIKENQPF; ‘ens_mean’ fURAE A TR IMH . 7EIX L, ARE TR A EL30.

Fig. 6.2 The ensemble reservoir daily inflow (a, b, ¢ and d), release (e and f), water level (g and h), and
objective function (i and j) for 2004 and (a, c, e, g, 1) and 2005 (b, d, f, h, j) flood events. Here, ‘obs’ refers
to observed value; ‘control’ means the model is fed with deterministic QPF; ‘ens_mean’ means ensemble
mean value. In this figure, the ensemble uses 30 members.

K6.2eF16.2f 25 i T 20044FF120054F 455 TR 7K FEAUAL T il /o X T-20044F 1k
IKIERE, A S PR AL AU R 7K R T R WA 43 39 2 1430 m’/s A1 1952 m’/s; X T
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20054 UK, ABATT4 2814 mP/s F1 1278 m/s(#6.1). 2004 EFT 20054F LK [FHE4
TR T K T2 502785 m¥/s F1 462 m/s. 20044FF120054F 1 7K 1 Jiedas il Ayt e
SR T 9.8% (1167/1952) Fil 63.8% (816/1278). #E-A /K ZEF= A= )T ittt 2 9 Bl hy 52
INOCAL I B SR gehe it T8 B2, MR G/KIE NS T % [BQPF LR ZEAE N ) 75 Fif
Yiseo

K16.2gH16.2h k7~ T 20045 F120054F K SHAHRA I K FEK AT o 7 K16.2gH, DRAkIr)
LA TR AR KA (Hona) 7 F-260.83mA1261.90 m [8], VI H,,07e:261.51 m. {EE6.2hH,
Ak () B A TR K K AT (Hong) #E 260.83mA1261.90m 2 [8), H& AR~V Hopg 5
263.13m. T 304425 TR K 7K FE AR ZK A 30 v T AR N ) SE B WLIIMEL. (20044F /£257.44
m, 200547£262.51m), Jf HARTFHERAKA EBR(263.50 m) (W.#6.1). 20044FF120054F 7k
AL FESE N A K PEZK R 43 )2 8.67 X 10° m® F 1.69X 10%m® . 38410 () /K e T 12 i
X AU S ) oy L, R AR T N . 20044FF120054F 1 7K 1R 5 ey
IKAE 23 A T 1.99mA10.37m, X5 T 7K FEFN_L i B ik 2 A R E

2004 flood event 2005 flood event
800 800
600 | (a) 600 | (b)
—CRPS —CRPS
400 - 400 -
200 - 200 -
0 T T T O T T T
Jul-18 Jul-20 Jul-22 Jul-24 Aug-10 Aug-12 Aug-14 Aug-16
800 800
i (!
600 1 (¢) — CRPS 600 { (d) —CRPS
400 - 400
200 - 200
0 T T T 0 . . .
Aug-2 Aug-4 Aug-6 Aug-8 Aug-15  Aug-17  Aug-19  Aug2l
0.4 0.6
> | >
2031 @ . RH 204 | O = RH
5 0.2 =
jon jon
o1 4 | EO.Z 1
0.
o1 11 Lo | T T T |

1 4 7 10 13 16 19 22 25 28 31

1 4 7 10 13 16 19 22 25 28 31

6.3 EPROS “EMff) /K FESE & TR A JER R CRPS (a, b, ¢, d) A1 RH (e, ): 2004 EHEKF(a,
c,e), 2005 FFHtyKILFE (b, d, ).
Fig. 6.3 The CRPS (a, b, ¢, d) and RH (e, f) of ensemble reservoir inflows generated by EPROS for
2004 (a, c, e) and 2005 (b, d, f) flood events.
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K16.2iF16.2j 2 il 7720044 F12005 - b /K L F2 AT H AR BR 2. BT 19 H AR ek £k
BI1E0.0RI3. 0 JE [l 2 18], RFG ARG AT . XL BUIER], EPROSRSREIRIRIF A
IKEEARAL A JE SR 2%

£ 6.1 FWKERAL TR (B0 b HE A HHRTI M) 5552 PRy 3 45 B L

Tab. 6.1 Fengman reservoir optimization results (30-member ensemble mean) comparing with

observations
Maximum water ~ Downstream End water level
Flood level (m) flood peak (m*/s)  (m)

Optimization 261.37 1199 261.36
2001 Observation 263.50" 1922 259.26

Benefit 2.13 723 2.10

Optimization 261.51 785 261.51
2004 Observation 263.50" 1952 257.44

Benefit 1.99 1167 4.07

Optimization 263.13 462 263.13
2005 Observation 263.50" 1278 262.51

Benefit 0.37 816 0.62

YRR KA 1B, N il A P U R A

6.3.2 FETIRMABIERED T

BT 1 TOAR 53 B () % T /K P SR B SR+ B . /N R B 06T
EHAFGRE ) AT SIS AR B2 A R, AHR& ] fe it K35t BOR IR Fess A il
B K TE L RS I B 2 3RS ik, AR AR R H 104N 1k BRS04
BRI RGPk R, KRR, KRR AR AL, W I RGN B G e o1 £ 1) RBURS
P

B 2 K (the spread and error diagram) FZHHEH H 7t (percentage of outliers,
PO) FH T A TR AR AN [F) (R B & PR B D3 BRI 45 A1 S IR I . POSE SR MLIIE v
FESRS TR T 1 2 1K1 10%A190%35 H 2 A KT LUl [Pappenberger et al., 20091, S £ Tk
B Vsl (ensemble spread) & i FTA 456 Tl 11190% P4 A F110% SR A AH 9k 3R A3
(USO, BE A TR K - g i 2= 8T CAAE) R 5 FEE X

AAE = lZ:|xl. - X,

m- o

: (6.1)

X HEmE RGP AEH s xSRI x 2T
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6.4 LLHL T 10 B A NS00 B 5 B 5 T (R AL T B 4 2R

10-member ensemble (2005)

50-member ensemble (2005)

5000 5000
@ (8) —— Ensemble — — Control —— obs Q (b) — Ensemble — — Control — obs
“g 3500 - “g 3500 - -
F 1
22000 - =
K= k=
500 .
Aug-10 Aug-12 Aug-14 Aug-16 Aug-10 Aug-12 Aug-14 Aug-16
5000 5000
= = (@ —
“g 3500 “g 3500
H 2
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“£ 1000 - "E 1000
~ O
2 500 - g 500 1
3 3
& 0 T T T ~ 0
Aug-8 Aug-13 Aug-18 Aug-23 Aug-8 Aug-13 Aug-18 Aug-23
— Ensemble — — Ensemble_mean obs — Ensemble — — Ensemble_mean obs
6 263 1 @ §263 7 (h)
[5) o
3 261 — Ensemble 3 261 7 — Ensemble
] — — Ens_mean = — — Ens_mean
2 259 4 obs 2259 obs
2| e— e Htarget g2 | — Htarget
257 257 T T T
Aug-8 Aug-13 Aug-18 Aug-23 Aug-8 Aug-13 Aug-18 Aug-23
=3.0 3.0
2 (@ 525
5201 —— Ensemble — — Ens_mean g 20
e |a e 2157
£1.0 1 - 2 1.0 A
% g 0.5
0.0 ‘ ‘ ‘ 0:0 ‘ ‘ :
Aug-8 Aug-13 Aug-18 Aug-23 Aug-8 Aug-13 Aug-18 Aug-23

6.4 6. 24, (HZIX HAE M20054E8 A8 H 227 HAG10M R AR S R AR (Aeil) 504k
ARG HHRE R (D).
Fig. 6.4 Same as Figure 6.2 but for the 10-member ensemble results (left) and the 50-member
ensemble results (right) from 8 to 27 August 2005.

Kl6.4af156.4b (IKl6.4c FE6.4d) 535l 7= T 6 T 10 TR % 51 AT 504> TR i
B PIRAE UK KL CR I BERIKEENGL . — kB, KR & RN R B 5
By o TR K, kg, 50N R 0d i 45 2R EL 10 ER 55l U R T &5 R B
TR . B6.4a 1 6. 4bIF13E % 4 71 7F 1834 m*/sF13360 m*/s 2 1], 551212 m’/s
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13662 m*/sZ 8] (MIESE 2950 m’/s). K]6.4cH1[E6.4d (1116 7E2038 mP/s F1 4483 m’/s
2 18], 551792 m*/sH14521 m/s2 8] (UL FE3429 mP/s). 1054k 3 AIS0N4E 2 i
PIEEE TR FE T PO% 7l /2£0.625410.500.

K16.545 i T 104 8 03 FH 50 B 13 26 A IR 7K 28 N L B4 T 3 L (141 6.5a 1 1 6.5b)
1 AAE (K16.5cH1E6.5d). —fekin, 50 R RS k(346 m’/s) A L L 104
J B SR A TR (307 m/s) AR AT Y PR B K o 504N 1l FA 45 4 T3 (486 m*/s) [RIAAEF-J41E Lt
10/ BSR4 TIER(505 m's) [AAEZE /).

800 1200
2600 | @ % 000 |
§400 —Spread—SO T,.%/ 600 _gpreaj'?g /
- B - - -Spread-
2200 Spread-10 g 300
wn — 75
0 n == T 0 T T T
10-Aug 12-Aug 14-Aug 16-Aug 15-Aug 17-Aug 19-Aug 21-Aug
1000 1000 S
2800 | (¢) 2800 | (d) TN
E600 600 2 e
5400 - 5 400 - b
(5200 - ——AAE-50---AAE-10| 5200 - ——AAE-50 ---AAE-10
0 T T T 0 T T T
10-Aug  12-Aug  14-Aug  16-Aug 15-Aug  17-Aug  19-Aug  21-Aug

6.5 200548 H10HF17H Gikidt, aflic) F120054-8 H15HF22H CGRL, bAId) K110 53 Al
50N % 2 (R B N PRI B TR R BA 95 [ (ensemble spread, afllb)FISF-34) 4%} % % (Average Absolute
Error, AAE, cfld).
Fig. 6.5 The comparison of ensemble spread (a and b) and Average Absolute Error (AAE, ¢ and d) for

10-member and 50-member ensemble inflow forecasts from 10 to 17 August 2005 (flood rising, a and ¢)
and from 15 to 22 August 2005 (flood recession, b and d).

6. 4e F 1 6.4F25 i T 10/ME B il 52 FISOAN A 1 B2 TRARAR AL 1R 7K ST » AN Ti] fry 4
B TR L E A B T AN R R R0, JE IR AR B B o 105 B 53 RS04 5 ik
TR ) e K MR 20 02928 m/s AT 1097 m/s. 10/NEEA B BRI S04 25 ik (7 1 771
FROPIIMR L FEIEAAM A, B R 43 S 413m /s F1477m /s o

Kl6.4g M1 6.4h 2 ] T 10445 25 Bl 53 A1 SO A 1 B3 K EAR AR KA o BT 7K AT
PR T B R /KA 23K (263.50 m),  FF = TS5 MIME(262.51 m). X T-10ME G Rl R FT504 4k
B A IR AR, BARIKAT AR A R T P AP AR S TR 53 (R TR 45 AN R], HUE R
IKPEAHF](263.12 m, B4 TR-THA1E).
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K641 R 6.45 UL T T 10445 A B 03 RSO 4R A B 03 A2 TR 4 A5 TR TR /K 22 1 % H
PREQEEE A o 504N BT B TR K H b o 25038 A9 BT G 10 1 D3 4R - LR 1) A2 443 F
K, HRESTHRIEA B YELISFI1.28 2 [/]).

BAKE, RGCR S0 B R A A TR = A 1 N LRI 45 3 FL 10 1 0l 4 5 TR
() &5 SO S S, AR IR PR L )~ P30 (BRI A KA AE PRI B0 B AH— 3. 504
J BRI 104N B3 PR 45 A TR AN P J4{E I RMSE 3 ) 2466 m/s FI 480 m’/s. iX/>4k
FAUERH, S04 B B A TR 1) 45 5 LG 10/ B 53 48 25 T (1) &5 SRAE S W Pt A iff s 5 T
LA
6.3.3 HMBRAHKEUHTHEITER

AATVT R RGAEAIR B K FAE T a7 G0l H—, L2005kt 72 4 41,
ARG BONES ) IIAE HFRA KA £262.50 mAI1261.50 m (IR KAZ EFR & 263.50
m) [0 N84T 55—, HEs A KA BEE H263.5m, RG5a H20014E 4G R TR
200 14E P /K 655 K (5328 m/s) o HH T IMAIRIEAE TR 55 77 5 X BEAE20024E5 H 2 R A
ATLASRAT, PR, 7E20014F, RGN IKS) AR LIERA-Interim #8540 T IMAZE .

K16.6a, 6.6cH16.6e/2 /KA Hbr A KATFE262.50m K 44 F, i 2K X 2005 438k 7K
BHATAL R 45 B . SE6 TR I S R & A2 7E20054E8 H16H  (Kl6.62), ML)
KIEN(3429 m¥/s) KAAE20054E8 119 H o XA R EGHE), WHRGIEM T8 K
(1) QPF{5 B 48 F/K LA o PLAG AR e A A /K B 52 B N Rt b e 2 iy, 1T 2 e
VEFF A E PRI RT R AT . l6.6c el T ORI ZK EIK AL, P I i R 4 SR B 7R /K 2
KRN AT T H AR A KA (262.50 m), A FIRFHEE262.37m.

Kl6.6b, El6.6dM1El6.6f2x 1 T 11 HFR ARIKALZ261.50 mifISAT T x20054F 7 K i 742
(3 K EE AL R B 46 . #E20054E8 F 16 HARAL I Rt /2 1410 m’/s, et 3]
A (20054E8 FH19H, 3429 m’/s)il it ik /N 31894 m’/s. Xt T PRSI CH brKALo 512
262.50 mA1261.50 m), H Ax & 3 L0 R 42K (Kl 6.6e il K 6.61) o

Kl6.7. 57 T X200 14F K I FE(7 H 25 H 218 H 25 AT /K FELAL I 45 2R, X BLAY
YR Hds R FHER A-Interim s 3850 . A ARAK (0 B KK FEEAR R 1199 m'/s, ZAH AT
IR W ME 1922 m’/s. ALK IZE A KA /£261.36 m, Z%AE s T W INE259.26 m, {H
FEAR TBR KA FFR263.50 mo H b BB 2 QR4 1EK6.7b, X LRI R g A
LA UK AT T 48 S K EEIZAT I e
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Kl 6.6 SEe6.24H[A, (HIXHEAE HFRKZEEKALE262.50 m (a, chle) A 261.50 m (b, dFIDZELET,
200548 8 H 2127 H MK PEMHA (a, b), ZKEEAKAL (¢, d), FIHFREREL (e, ) -

Fig. 6.6 Same as Figure 11 but for reservoir release (a, b), water level (c, d), and objective function (e, f)

from 8 to 27 August 2005 with lower target reservoir water levels: 262.50 m (a, ¢ and ¢) and 261.50 m (b, d

and f).
4000 64 39
,:\;3000 1260 E £ 251 () v
32000 | 208 5 207
1y Ss— /N
< 1000 - 5 = i
z 12485 10
0 T T T T T T 244 _%‘ 0.5 4
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—Qout_obs -==- Qout_sim ——H_obs --- H_sim - H_max Jul-25 Jul-30 Aug-4 Aug-9 Aug-14 Aug-19 Aug-24
B 6.7 200136 /K(A7 H25H 28 525 FIARAL K BEHA AT K e /K AL () B H AR & (b)),  RGer
ERA-Interim 345 3% 5] o

Fig. 6.7 The optimized reservoir release and water level (a) and objective function (b) for 2001 flood
event (from 25 July to 25 August). The system is forced by ERA-Interim data.

6.3.4 LRHEITHIRIITIH
2R, 18 3 GHz-CPU P AGTHENLA 8 RIILIIF 30 MES R TAL K &R
GIsATH A AL 33 438h. BUEATHITEI(33 k) G54 & N E I i TR B 7] (29.6 44,
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89.7%), KICIRATEHITE](3.3 208H, 10.0%), KPEMRAL (0.09 73450, 0.3%) BR . FHXTER
KA NS R OE T WEB-DHM B8 (FPRE FEA =1 (3-km AT 1 /MR ZIE AT I
() m] DU I AT T 1 5 sOR a0 IMA SR R TR Bdis R A7 I T 18] B /2 24 /NI
JIT LRG0 T 5 I 7K PEDLAR VR B A2 AT 1

BN AR KFERESEL, KOCBALU(WEB-DHM)Z 4, 14 A1 H ARZK ZEK AT .
IKEFFE S TR K PERFAE KA, KRR AR - AL 2, tmtithge, TR viAruE. X
Lo H /K E AR G wesE . WEB-DHM A8 25000 16 3SR R AK )4k 345 10 e L,
e K& JZ# 7K 78 (maximum surface water storage) fil Van Genuchen's F%{[see Wang F. et
al.,2011]. XLEZHfe/E WEB-DHM AR5 2] EPROS RA L HTHTRE . KEEVILH
FVH FRIKALAE K R kv g . FITLL, i R G TR e, B e A R IX b
SR8 7 FERBERL S LA 1) I R A e A

6.4 /NG

AFE I H e W A4 A7k SCIR 5 7K B SR AR TR, DAARE kg 7K e S vk SRk 5
¥, {F Saavedra et al K X R Y (DRESS) WAL b, FFR TR THE SR
KK AL R (EPROS).

ZRAGAEFEWRIT 2004 4F (7 H 17 HEI 8 H 15 H) 12005 4 (8 H 8 HE 27
HO A FEREAT T 90AF o 7K FERT GG /KA B WA, 7K e B AR A KA B B 263.50m
IR ERRD o XTIk, GRSl 4 —dim s s (30 M
T, BRI T R TR PN E . T AR A TR A N TR, 2004
SRR 2005 4E AR A TR IR0 (R T B 20 AL 785 m/s M1 462 m/s, AHXH I (1 W]
B 73 50 1952 m?/s 1 1278 m*/s.2004 FEF1 2005 4F IIEE & TR -2 AR KA 29 5l & 261.51
m 1 263.13 m, A8 TAH RN R S K A7(2004 4F /& 257.44 m, 2005 4F5& 262.51 m),
TN TG A 12 X S5t 7 ) R0 T DA IR e et KA ARG A2 29 R 45 R 225K (263.50 m),
TR K BERN L3 22 A A R

BT, RGEEA TR A BOFARUE . BAR 50 AN I HE A TR AR e N e
MEAMR L 10 AR ARG TR I 45 R Bcm e 2R, RETHRIFF2ME (an, 7K
£, FAMAD R —3. RELEAIN IR S T AT T 50, 7K B = 7K AL 2T R
263.50 m FEAKH] 262.50 mo FRGEBAF 08N T F R RN BRI /K 2 B v KAV
[Fi) k308 g 4 i v AT A B K BEA K AN B T HFROK AL o RGeS THRAE, A TR I
SPIAEA T T 7K P S I A R0 I FLAE G PO 0 [ A 2y I N 3 BE S 1 T ANHf o A5 5
S,
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7. L 5RE

7.1 Zig

TEA BRI K 43 R R SR AN T 7K SR B9 DGR, AU IIA 17K SCREAY ey
TARARFRZL R T ) JR BRE, AT AT HME DU RN R B~ 5 tH e A, X AE 1+ 5 2+
IR OUA B o B — AR K SO ok Rl A o TS X Tk SO, BR AR (R AL AL
IKFNRE AR FR, (FE K SRS IR T 0] O ) Al P B SR AR v, T 2 R 8 MEAf (4K
ARSI HEAEAE AN S HEGR A . S4h, TR BAEEIR KA e M, BIERE X
TR K P S R RE AR . A ST LA B e, [T P A EEAE S A1 2K SO R
K PEVR B TR ORI TUE e s T 20 A SOK SO, BF9 T 2 T RO 5% R /K Rl B 1
Ao KB AT IR OB, A TR A MK FERAG TR BEAR AL, JF ke T 3L A4 TR
IKPESERR B RGE . 1 SC AR WT T 38, 1 SRy AU SR ) T R R
S, BOKRITREWRAE. FEERA:

(1) R TEAET 5208 R KRR AR S AR, e Fiiide 3 7 — A0
KR! (WEB-DHM #8281) o BB 45 5R A S A2 3 MODIS/Terra LSTs i
177 BAlE . WEB-DHM B FL A5 AN 32 B2 /K SCob A48 1K) U 5 S AR J0 2 (R0 A 0 o A
253 M E—6.37%H1 5.60%. WEB-DHM HERIB A I T LST [ [A] R A1 FZE 457
)43 4ii, WEB-DHM FL4U4E Eb MODIS/Terra V5 LSTs WU Mg o @i L Exkbk, wf
DIF5H, WEB-DHM R F REREE T (W0 KRN A S8 5y 1A B L (1
L EOL

(2) N TS GLDAS 45 7= e R B 1 i& e, ik T BUR =488 28
—, K05 GLDAS KRB EHE(P, Tair, Rowas FH Ry ) FITEBPE, READATT 23 0] 55 e DU DU
(P, Tair, R )1 JRA-25 77 /(P, T, Rowa, and Ry, o) 3EATHEL. 55—, 4>#T GLDAS/Noah
7 d R S (LST, ET, Rywus Riwus Rny LE, H, and G)IFIREE, ¥l 15 WEB-DHM A
PLEE RN JRA-25 7=t AT TG, 5=, B61F GLDAS 4 ER YK Sh A 71 ek 75 5
B )IE T, WEB-DHM 80K H J5UG (1) GLDAS IR )50 FHr 1F (1) 2080 23 A A
KA. SRR, S, SHmMWIATL, GLDAS [ H REE BN P BT R P,
{HAZFEPIFIMEGL T, GLDAS IR0 T 2 H R B8R 1 JRA-25 HIFERY . 75 H R FIH
JUJE |, GLDAS 1 JRA-25 [ T, BB LI HERf  GLDAS 18] Ry o FLAT 8 RS B, {H /& GLDAS
(1) Ryw,q 3T 5 T HOTHSEMME . 25—, 1T Noah LSM XJ roughness length for heat (z,)4b
FRANE HERfS,  Noah ZEREAHHZHLIX (e.g., crops, sparsely vegetated area) =i 1 [e.g.,
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Chen and Zhang, 2009] C, (implying too efficient coupling),  THF5T X 35 3= B4R 4 75
Mo AN G Ik T HOH BN BT R H, LS EEEIY LST fmik. ik,
GLDAS/Noah fJJJREEf) H b WEB-DHM and JRA-25 %5, #Rifii, GLDAS/Noah f{]
H % LSTs HJIEHZAL T WEB-DHM U445 . T GLDAS/Noah (){wfiK/) LST,
GLDAS/Noah [¥) J] ] EE[#) Ry, tb WEB-DHM fRifik, =AM ECETF (R T H REER
Rgw.uo F T GLDAS/Noah [¥] Rg,.q i, K1t GLDAS/Noah 1] R,, tt WEB-DHM £ JRA-25
fhi i - GLDAS/Noah fii i1 1] R, 5 B R H RE 28508 BT M REEH @ E LE fhi
151 GLDAS/Noah A48 (1) U H [ #Ul i G 119724k i [ Lk WEB-DHM MG, FH T~ Noah
PR )4 e 1) 3, I GLDAS/Noah #H #KIF) LSTs. i 7F Huadian %7
Lk, WEB-DHM #4811 H P45 13838 )2 57 /K & surface 10 em 5 SZIHE LA U AT . 58 =,
HiT- GLDAS &ifli T Ry » ET SN T, (FUERERRAS T RA RN
X il 21T M FE Ve 25719 1) GLDAS 18] Ry BEATIE IE 2 )5 54X 9K 5)) WEB-DHM £2, &5
FRW], BRI TEL T BT M.

(3) FFR T HE T e VETHR AR ZESE AR I BE R e, TFANZ R GEEAT SEBRIRAIE .
g T WEB-DHM B (PR SCIRASTEHr 7v%:, 43 WEB-DHM B EIEAT (1R — D 3R
SPRASHATESH T, k510 WEB-DHM f8 R 1% 1a 1 T /K PSS AAL P o TRk
T K PERT UL BE AR ALY, iR R ) SCE-UA Sk T4k, BERL I H bR ek B0 e /s
PR B AR BE RN R 42l it i, DA B AR KA A H bR /KA 2 TR () 2508, BEAR FH 3h 2
&5 PR BE AR LT RS AT K 12K FERAG R L Bedk ¥ WEB-DHM BG5S, ILL IMA
IS B IR ORI, AR, MR, M SRR 158 &G s EdE, A
T T M PR P 7P S I A TR B AR o K 12 A A R A S K P VR F B P 5 R
7~, WEB-DHM 8 B 45 i AU, UL A R (2001 427 ) 25 HEI 8 J 25 H,
200447 17 HEI8 A 15 H, F12005 48 H 7 HE 27 H) , Bl =I57HKH NS &
T 0.931, RB (HXHE) BI/NT 4.39%. K hE AR N FH T~ J230 7K 22 (1) 1 i 45 31

(2004 4FA1 2005 FHEK) B, JKEE R e AN R i ) S K AR IR A /N T S
., R IKE T A AR B A ZEA KA i TS, il T i IX 223
W25 OUHREET , 0 TKEKGER AW, KR, RIHKE) 5
HE XN TIXM K, DU L 7K 2 B s /KA AI T 7K ZE B ZK A T PR (263.50m),
RO T ORFF K R L B2 AR . HARR BB AT 3.0, AR EWIILAL
19 BN RIARAE AT 25 B T

(4) G FFIE T B A A TR I 2R 8TV . fESaavedra et al., [20101%5 1 PE T
TR R AT RN I BEA b, RNZ A T o e, SRR A I A R R
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ZEWTAEAE VR AN A IR ) i, AR S % LS TR AV 5 SR TR PR 221, 4 1R %) et ik o R
JEiRZE: B, R NE T RSB N A N R R i i ), oSt Je v S
VAT R R R R ZE M A AR 2, FEREEE A A Kk O TN R Z B 45 R
Wi o K HICRPSFIRHA B /Y AR & PR AT VP4, Se1h20044F (77 17H 28 F15H D #12005
FEQH8HR27H)BEK, IMA F1 EPROSI?) QPFs [FJCRPS 43%7E4.3 1 4.0. IMA A
EPROSH & 14l ) i 7" U-shaped RH, JMA I EPROS 230 [l 2 A Z 43 5 3£0.63
F0.65. PRI, i b P QPFHY I 8l A B 255 QPFs A A I IR T Tl iz 2=,
1 25 TR AR DA VR K R R P T st

(5) JFR T HETEES TR SRR RS, I RGHAT T K% Y
0T ARSI E S THREIA, uft) WEB-DHM B, FI/K FEOLAL I R
Mt PR TIHETEGTERIKEL AL R4 (EPROS)

BZ ARG AE W 2004 45 (7 17 HEI8 15 H) 12005 4F (8 F 8 HE
27 HD WA BT TEE . K PERIAG AR B B O I, /K B bR AR KA B E R
263.50m GHBRZKAZ EFRD o XFF#IgutK, G ANER RN 4 — i 85t
(30 ANECILD) 5 A IR T SR TR AN T o T (R A TOR 340 /N T WL
2004 4EF1 2005 4 ({4 A TR B0 1 P30 73 3 )& 785 m¥/s K 462 m’/s, HIXT Nifr)
MDA 53510 1952 m’/s Al 1278 m’/s. 2004 SEF1 2005 4E K15 A TR A KA 53 5] 2
261.51 m F1 263.13 m, fA7 134 i T-AH R 1K S0 7K 4572004 42 257.44 m, 2005 4F /& 262.51
m)o XX TEEMRZIIX CET 55D oK ) 814> B2 A0 IR 5 v KA A 3 A2 240 3R
SR (263.50 m), X0 TORFF K ZERT B2 e R

BARE, RGOS TR BT AU B 50 AN B0 AR A TR AR BN 22
WAL 10 AN B0 ARG TR I 45 R ECmE 2R, AR HRIFIIME Car, K
P, AR 3. RGNS BRI S FIAT T HKAE, K2 S KA 415
263.50 m PEAKH] 262.50 m. RGEBLTF B98N T T R R B AT K 2 B v KA
7] B 3 o i Y A LA IR K FEAROK AL T H bR KA . RS 5 THAE, SG TR
SEIAEAE T 7K 2SI I B A R0 I FLAE G PO 0 L A 2k I R o B 1 T ANHf o A5 R
B,

72 BE

ARSCHET 93 An XOK SO L B2 TR DL S OKIEDCAG TR B, W50 1 S s K F e 7
W, DLAOKBHREEGE B WU N A S s S it 1 3%, (BAE LU 7 A A £
HT**255E55:
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(1) ARWFFUAEF 35 I50K GLDAS/Noah 7= i/ 4 X 8 4% 5 WEB-DHM 7K SCELHY
AT T G, XMEEA R TR AT 32 5k .

(2) ARICFFK I EPROS RGE LAF /K BE A BIREAT T S8 brAa s, fEA R R&AT T
FUAN ) 7K BRI i PR 36000 B A R

(3) ASCH T F i 4 M X (0 Bk, EPROS HUH S T g CRKZED
K FEACAGTR L, X T2 FE IR fridk— RN

(4) Jb4h, EPROS RGERH] T A3k B 5 A R N, 1287 i
(1) 53 Fp e A, 0 T IR BEA UL, B v R B8 (1007 dt R T HER TN A= I 2 B
Rk, AIE1 GCM B R ikt A feidt— D N Bl R4
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MK A ANFRHTERSES

CRPS: HELEHEZME% 5340 (Continuous Ranked Probability Score)

ET : Z#(K& (Evapotranspiration)

FPAR: Yo & 1EHA WM EL] (The fraction of photosynthetically active radiation)
G: Hufi#us & (Ground Heat Flux)

GLDAS: 4ERFE % Al i 248 (Global Land Data Assimilation System)

H: E#ulitE (Sensible Heat Flux)

IMA: HAS%JT (Japan Meteorological Agency)

JRA-25: HA 25 M otk s 4E (Japanese 25-year reanalysis)

LAL M54 (Leaf Area Index)

LE: ##uli & (Latent Heat Flux)

LST: [ E (Land Surface Temperature)

LSM: [fifif# (Land Surface Model)

MBE: “V-#J{i7:(Mean Bias Error)

MODIS: 73 #E5 % 614 (Moderate Resolution Imaging Spectroradiometer)
n: WTEFPHIKE

NS: Nash Z#%{ (Nash Sutcliffe Coefficient)

NWP: HE RSk (Numerical Weather Prediction)

P: [%7K (Precipitation)

Py: FIHA & (Surface Air Pressure)

QPF: &[4 74t (Quantitative Precipitation Forecat)

0: KIEMR (Reservoir Release) ijifi& i & (Discharge)

QO.: ¥ (Specific Humidity)

R: MK FRE

RB: #iX}i% % (Relative Bias)

RH: HIXHEE (Relative Humidity) HE4 H 77 (Rank Histogram)

RMSE: ¥ 5% % (Root Mean Square Error)

Rn: {F4E5T (Net radiation)

Rivus Riwar 18] FASARIE, 0] H QPR (Upward/Downward longwave radiation)
Rgwu Rowa: W) LGRS, ) F PSS (Upward/Downward shortwave radiation)
SiB2: &AW -fR A 2 (Simple Biopshere Model varion 2)
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Tair,Tmax, Tmin3 %:/J%Il, %%ﬁiﬂ%{l, %’fﬁ&%:ﬁ%‘l
U, Ve R (Or AR x T y J7 7))
V. KEFEZR (Volume)

WEB-DHM: & T-/KFl g &P 1) 40 A1 xUKSCRE R (Water and Energy Budget-based
Distributed Hydrological Model )
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Misk B WEB-DHM &Y

Bl. B4ty
Bl.1 181 AL
h TR EIZATACR, WEB-DHM B R A% S B (flow-interval) 2 [A] [{ b 7K
L T, R DIRBN, B A TR [ K o AL B B S . AERE AN A
W, MEFEEE (digital elevation model, DEM) FRHEHUFIFTA HIR M =L, #E itk A —
AN IR YT 18] 1R B AR R BE S L (RAH [R] PR3 199
B1.2 TS HAL
MO A SRS DEM $s, BERLZE L DEM RSB TR RS HEAT AL, b
FRAEE L 1 PR S BB R IR . B RS LR e WEB-DHM BRI EEA K )
.76 (Basic Hydrological Unit, BHUD , ‘Blx—XIRIFRIHIERHAT . AERE— MR T
W, A L e W SR LR R I, RS BT 3 Bl e T 25
1=A4/2) L), (B1)
KL A JRIGEBAIAS AL, D LHRIJE A DEM T3 IR H SR I A4 578 W 4% Py ]
PR E o ASEIRY X A J JE J2 FTAT 1 DA S 1T 2204

DEM grid size
(a) (b)
Bl. BB AR A, ADEM ARG S LI 40 (a) fi o — 4B L
B (o) o RIS I B KT 1) S R P9 27K ) o IX L, 3% JUDR BRI L3 Chillslope)
BB e kv Ela Rt b ) Ak T 1
Fig. B1. Simplification of streams in a model grid from (a) the DEM derived streams with a total length
of PL to (b) one stream with a length of PL, which flows along the main flow direction of the model grid.

Here a couple of geometrically symmetrical hillslopes are assumed to be located along one stream in both
Figures a and b.
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TEREAN A% Y, A\ DEM S5 B 0] 199 ] LR R4 KBk L 1 — 4001, %
] D A A BTG AT 7 1) o BRI, DM A PA) PR 7 T LA B W A
BB i3’ Chillslope) HI7=t.

Kl B2 275 7 WEB-DHM [ - 5858 o ik o 170 ok R R 7K SO R I 20 S 2810 T i A
AN IR, FE R R, KR R 1"J(D1 D2, D3) 55 SiB2
FERUF ] . AERSRIE R, D2 A1 D3 #iit—B R0 A2 T2, Fwnmxﬁ
5 cm. MR FRAEEL (DI + D) SiB2 B BN IR HE R iEX&%mwwl%%]
Ei%@&wg%%mﬁﬁmﬁﬁﬂubﬁ?ﬂTmmﬁEﬁiiﬁEEEQUHyn

quC R
foug| ")
>
D2 : - =
——————— >}
Ds A N >qsu_b’
D3 — =
I 2 / i »
A H
v
Dg Aquifer Y
Model
v

- |
Impervious Boundary

Kl B2. WEB-DHM BR[04 SEACRY: PN ANTR] () 38545 8 23 351 P-4ttt i o S R MK SO R
SiB2 [¥) =)= - HEEG A ] Tl i i i R v AW K= o AERRAUER K2 KA K JZ 5 R KSR Z 22

BRI, WKIZR T W2 T )2
Fig. B2. Soil model of the WEB-DHM: Two different soil subdivision schemes are used for describing
land surface and hydrological processes, respectively. The three-layer soil structure used in SiB2 is retained
to represent the unsaturated zone in the calculations of land surface processes. The unsaturated zone is
divided into multiple sub-layers when simulating water flows within it and water exchanges with the

groundwater aquifer.
B2. BB
Fili T A R T R A a7 2 i SiB2 BIRAEULS 2 [Sellers et al., 1996a], 7K A
RUMREA T 52 HJE 52 i A (7] 7K 23 3 BE, - B0 45 BHUSs 728 (AR IR AT T8 VI o
B2.1 iy
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SiB2 BB T 138, RN R 8] A RE R A IR AC #e o I HLRHASLAUNA) B ) 42
BT REAN BT TS5 VA R 2E40E -

m Reference 9
Height

Reference
Height

m

‘I
A §E ’ AEq+AEg

&N

3
4

'd§ f.\Eg

(a) (b)

Reference oCm
Height

T
- -

-

R it
R

Surface
Layer

(c)

B3 WEB-DHM KRRk 10:  (a) WHGEEMHEBEE: (b ANEHREE KRR,
(¢) CO2 MMM BT, AT /X HAAN T A /KRE R . 2K e WP A& m] AEE
Bl k3.  CAEEM Sellers et al., [1996a] 54 1))

Fig. B3 Transfer pathways for WEB-DHM: (a) transfer pathway for sensible heat; (b) transfer pathway
for water/latent heat; (c) transfer pathway for CO2 flux. The water stores and fluxes are omitted for clarify.
The definition of all variables used in Fig. B3 could be found in Table 3.1. (The figure is reproduced from

Sellers et al., [1996a]).

B2.1.1 FERL BB 1 47 1l 7 R

SiB2 BhTHIBAALAT 11 NHUEWELE: MR (T,), &2 TIERIE(T,), FE 115
HEE(Ty); FEBERERERIR (M), HIERBERKERIR (Mg,); BRI I (M), HLRIKE
B (My); RIZTLHAKSD Om), WEN KIS (W), W2 Ky (ws); FI
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S (go). FHAHEE, #R KRS , FRd Sl i, K )
M WEB-DHM [t -3 T H 515 H

(1
‘ oT,
Hd: C, a; —Rn,—H, —AE, — & (B2)
o erT 27C
RIZTH: C, atg =Rn —H, —JE, —— (T, -T,) =&, (B3)
d
- N oT, 1
WE LM C (Rn, —H, - AE,) (B4)

ot 2(3657)"

X, Rn,, R, $REREIOEAES (Wim®) 5 H RVH $8I0 S BHGE i (W/m?)
E R E, JEARBURBEE (kgm?s) ;5 €., C,FC, RIPLAHBME TmP/KD) ; AHRIE
PR J/kg) s o, THR H A ()5 & N E, SRR BT M (=Mt M) B My (=M, +My,)
FAHS RS IR (W) 5 Fhro RS, R, ¢RERZ L
B, WS C,, C MC, MITRER LA Sellers et al.,[1996a](FIF % B A £,

(2 AT it

WU TE AR HAE WEB-DHM B o DO AR s [ AT 07 AE . BT A&
T L T A B AR KRR S i ML Mo BT Moy, HBARIE M, A1 My AT
RERRAIA, B BRI S AR M EEAN R S DR AR, #A T 5 i aR
S K FINAAET R, I ARBEACK P B s 2 g rh, ATk S A7 1.
i A THER AN T E T ERTT AM R R . A T

.. OM .
e —>=P-D,-D, e (B5)
ot P
oM, . E,
W& —=~ =D, +D, ——= (B6)
ot Pu

XHL, M T Mgy, s 73 538 IR AR AE ARSI 7K 73 BE UK (m) o P (=PAP)
FRINZHKIEE (ms™) ; DARIRFEEL 2 (ms™) ; D ARIZFIEHRESE (ms™)
Eq Fl E TR ZEMARER (kgm?s?) ¢ p FRIRIEKHE (kgm™) « K FFK
SRR I LRI IR 2 WL Sellers et al.,[1996a]ff {5 Do

(3) ZEA I e L

85; =-0.00113(g, ~ g, ) ®7
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X, g fRMEMERS (ms') 5 g FRIRSE GBEIE TSN g (ms™) o KT
W g MPERNGiES P Sellers et al.,[1996a][1Ifi =% C.

#* Bl WEB-DHM AU H 2 &, f o 22 MBH$t
Tab. B1 Fluxes, potential differences, and resistance associated with WEB-DHM

Flux Potential difference Resistance

H, (T-T) pC, p

H, (Ty-T,) pC, rq

H+H, (T-T,») pC, a

AEy (e (T.) -e) peyl v (re F2rp)/(1-W,)
AE (e (T.) -e) peyl v 2 /W,

A Eg (hyge (T, o) -eq) pcyl v (Fyoir +7a)/(1-Wy)
A Egi (" (Tp) -ey) pe) v rad Wy

AEqt AEt AEgt A Eg Cegen) pcyl v Ta

Ac-Ry (cg-c1) p 1.67,+2.87,

Tsoil (CsoirCa) P 1.4r,

Ae-Ry- Ryoil (cpca) p 1.4r,

T.eq FEAL KSR, 2295 (canopy air space , CAS)(K, Pa)

P Cp R, 2R (kg m-3, kg 'K
Y I (PaK)

) LW S B (R Rl ) (s m™)

Ya i TR )2 52 TR A< B B (AU ) (s m)

Ya L ) 2 SR B 2 w8 T 2 1) B S 8l B (2 Pl ) (s m™)

re Hik LIEBL S OK#ESD (sm™)

Fsoil AR (sm™)

hsoit 2 B FLBR AT P

e (T) WLE T RIERIZETE (Pa)

W, R K 555 7 1 %

W, TR S HE R

Ryoit +EREE (mol m?s™)

Com fRE B CO2 K% (Pa)

Ca CAS [1] CO2 43 (Pa)

ci PSR ¢; AE(HHTZ 8] CO2 43 J) (Pa)
Csoil 3% CO2 43 [k (Pa)

p S (Pa)
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e, P SR N BRL g 22 2 R R A AUl 7 Ok R IR R, K23 A1 CO2 T R

W = BArE/H (BS)

T ERHGEE (H A H) , WHGlEE OE M IE) , Fl CO, M, HAZE /7l
S, ZEVURF COy 43 KR . e, WAL ZRMPHJI7ER Bl A .

BH 25T 78 I R 72 28 i R AR 2 TR I L 3R B 7 (LB B3) o I B3 o T
A2 281 1 ) S PG B S BB (s g B 1) (DLER B EI’J,EJZIS 4D o FHM
IK I3 ZER AN CO, T8 S b AUE IS BAMI ) re (=1/g0) o HTHBIK 3 27K CO,
WE MY BREAE, AT r. WAME (LK B3) o THERZENZER Ex Uiatlid 1
BRI Greon) o
B2.1.2 Z&HUK I

WEB-DHM #:84 [{) 28 50 & ET 2K F R AOR 38R 101 o KA 1 285K E. A AN 4
(@) Eq KREVKTEHREPBIIK DK (b)) Eyp KA RN LK 5 28 5 FHE
Wz . FIFE, LHERMIMZARAGRE (2) Eu KHFMZERMEOKYMZELR; (b
Ey, RJZTIRINHHOKZEK
(D M#OCEIERMZRE (ED

KT WEB-DHM B [RG5S T R e B IR 1 2% Sellers et al.,
[1996a](fIFis% C, X BN S, H R SEMEHG . Do ME ARG A T i [ 4h (Bl 2066
WA, AT NI AR R ME: W D TR AR wes D IR F AL
R wes BT E (C3HEY) o PEP-R (C4 YD) #HDCEER weo 11T [H 4L 2
WA TEREZE (4, mol m™s™) 2= - 2 WP W o R 45 3 11 «

A =A-Rd=A-f.(V, T, W,..) (B9)

KH A < Min(w,,w,,w,)» A, 8EERFELER (mol m™s™) 5 Ry - THIIRH %
mol m™ ™) 5 Vi FRIACEE I AMEALBE ) (mol m™ s™) o SERTEA £ Ve 7
FEa] LATE Sellers et al.[1996a]f i C k3.

TP IE A E,, Tl A5

% —
er(T)=e, P A-W.) (B10)
/g, +2r, "y

AE, =[

(2) WK (Eq M Eg)

B /KE T DR 2R (BTHE) b, n] DOl R . X LA L 7
WEB-DHM A5 784 rp i ik 2530
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JE, =[

cl
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Aqﬁz[e*a;y_%]’xpwgk}g (B12)
Ta v
K, w=Mm_,+M)/S, ,0<W,<1; S et KBH (m),

c

S, =0.0001*LAI * Canex , Canexiii )&% Fx M (AL EE) , 0<Canex<l;
W,=M, IM, &4 (REEHHHH, 0<4 <1), REM,, JEEKIHER

bl

KE (m) s ¥M, >00, T,=T,,.; XM, >00, T,=T,. XM, >00, «  =1;
MM, , >00, K =20A+2), A RTHERE kg 5 T, RBTRAHNEZ L
HEMR S, e AR AR R AR R . ARV T NI M T, < T, B
Toow =T, T,>T, W, T, =T, XHT, =273.16(K), fREUKEE. HeaERe X
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(3) LK (B
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LB BT, R TR by, 38 43 B — FR 1 ki 1038 S AE A5 2 [Sellers et al.,1992]:
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XH, (FEIE, 2 SRR N (m) 5 O(z,0) TRIGEARRE K E: r(z,0)
FRIGZIICIN (IR BAERE) 5 g, TR TE LTS 0 EHOKIE R (m's'm™) 5 g,
SHIEURN N7 2

99(0) _ 1} (B17)
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qverttcal ( z )[ a
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X K(6,2) 502K eSS (ms™) , (@) FRIZETLH S (m) .
PR AR I B S 7 vk i . T B2 MK A8 ¥ 2 I, AERMAI AT I BN Id
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ST HE R K2 BRI ARK S, F2 0 B R AR R gaw() (mPm ' m )i
ATH5
(K0 *sin B*Az,.60,> 0,
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Ref, K0 FRIRS R IES (ms) 5 Az RIS i 0L m); Sk
LR PR . AT (g, s mimm™) sk H ALK R g, (7) -
(3) Ml
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ol n n+l

B4 —YEARMRIH K IR B E RS
Fig. B4 Numerical scheme for solving one-dimensional unsaturated zone water flow.
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