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Abstract Surface fluxes simulated by both the Simple Biosphere Model (SiB) Version 2 and 3, respectively are compared to
the eddy covariance observations at the sites of Naqu and Anduo in the Tibet Plateau and of Suzhou in the Yangtze Delta region,
for analyzing the reasons of differences between SiB2/SiB3 and observations, and thus realizing the above areas surface energy
budget characteristics. The results show that both SiB2 and SiB3 simulated surface energy fluxes were in very good agreements
as compared to field observations. Simulation of the sensible heat fluxes at Naqu and Ando sites using SiB3 is closer to the ob-
servations than that using SiB2, but in Suzhou sites, closer using SiB2 than that using SiB3. Simulations of the diurnal varia-
tion of the latent heat fluxes using SiB3, are more consistent with the observations, comparing with SiB2. The correlation coef-
ficients between SiB3 simulated and observed values are above 0. 8 except Suzhou site. SiB2 and SiB3 simulations of the ground
heat flux were compared with the observed with the correlation above 0. 8. Both SiB2 and SiB3 simulated the net radiation flux
reasonably, where the correlations between simulated and observed values are generally about 1. 0. Compared to SiB2, a soil
representation based on the Common Land Model and the prognostic calculation of temperature, moisture and trace gases in the
canopy air space have been added in SiB3, which resulted in that SiB3 simulates the latent heat flux and ground heat flux better,

but not obvious in simulating the sensible heat flux and net radiation flux over the complex underlying surface.
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W OE SRRy BRGNS 2 R (SIB2) MIEE 3 MU(SIB3) .« 43 A B 7 5 SR A L ity IR il 2 22 F01IT = 1 9 95
AR UL 3 1) 30 b T 8 ek A5 5 5 R O UL 8088 R AT LB 52 0 A STB2 \SiB3 AU E5 SR AL B 7 A 22 5 ) ML L LA e
AR L 3 X 3t 3R BB RO SO AR R . AR T L SIB2 A SIB3 8L A T T RE 0 B 5 LI BOE A B B — Bk . X iGE
Il R 22l SiB3 L SiB2 AR LAY 45 R B e 1 WL B Ak (EL g N i STB2 AL A 45 2R 5 0L BB S Wy 5 X T BAGE 4, SIB3
Fe SiB2 B ALL i H AR 1k 55 000 B A B — B, SiB3 (AU 45 R -5 0L B (5K 25 0H il A1) A 56 R R TE 0. 8 LI 5 % st - 3 #il
. SIB2 Al SiB3 DA -5 WL AR OC R BHRTE 0. 8 LA b 5 X 4 S T B L SIB2 Rl SiB3 AU £ S5 WL BB AR OC R B i
1.0, L5 SiB2 #H Lt - SiB3 5| 36 ki 1A A% 2 Ay 338 44 38 5 36 om0 5 )22 22 1) 2= 3 8 38 38 AR IR o MR ) TR G R 08 5 7

A B ) b A AL (X A TS TR 0 SRR R e i S R RE T R R AT

XA SiB2,SiB3. g . H 254k
FEESES  P404

1 5 H

il T Ao AR 2 2 i R KR R A2 YRR
Bl T S R R A (Chen, et
al, 2003; Gao, et al, 2004) ,HAE NSRS 1 —
ATy O A 5T 1 BROS e) R, T b 3R
F HE Tt 43 e M il T 2o AR A AR i R 2 — (Yang,
et al, 2004) , % WL 255 5% 6} 19 12 W 43 A 5 3 2
i T o A 2 A7 (A AL, 2 O 50 TG R o A
BT Bl A O (H RE D R AR T X
(GCM) FiI v RUBE KA X 42 41 3% 1f7 i1 L (Randall,
et al, 1996; Denning, et al, 2003) , i H BE W% Ak
Xof i Hb - - 1 K LR R ) T AC 4 i R E
IR, it 20 ZAE09 %507 HETtH# R JE B
AR RE 2 A B LAY SRS
KAk & e Ty s [ RR 2 G T R B BTk (T
et al, 1989; Dai, et al, 1997; 2003) ,

T BA LR Wy BB R =X (SiB) J& H Sellers 25 (1986) 2
e 5 A Y - KB S i 7 52 (BATS) (Dickin-
son, et al, 1985) — 2 2L ¢ T [ i & P2 45 = 11 3
fili, Sellers % (1996a.,1996b) #£ SiB 1 HE 42 5L 7t I
RIET SIB2 I G ek s, SiB2 B 25
£rig F 8l it L Be i FTT S L BB A B 4R
SR AW P i 22 5 B0 DA B Bl T AT R SR AR L A
(o EBk%,2002) . Baker 2 (2003) 7F SiB2 [ 3 it
BT 3 F Bonan(1996) 32 H 1) 6 )2 1 438 Y i i
2R 0 HE 7 b 3% BE LISt B R T K SiB2. 5 B
X, Baker %(2008,2010) X 7 SiB2 Fl SiB2. 5 i 3
fih b & g 4 SiB3, 322 ele A - (1) FH 38 F i 1 A5
 (CLM) (Dai, et al, 2003) [ 10 J2 + 138 25 #4 5

T SiB2 iy 3 2 A HE X g5 (R TE R ANR )2 TG
RO I H A BAR A B r A 10 J2 1325 (2)
oy 1 2] RLRAROR BE R A AR 1 2
23 [a] (Baker, et al, 2003;Vidale, et al, 2005) ;(3)
AEWS AT C3 (i = A4 A C4 (s DU AF ) A 8% A TR
BRI H A H C3 1 CA R B H 1) 76 45 5K
Ha L)k 48 (Colello, et al, 1998; Hanan, et al,
2005) ; (DFIAT CLM B 5 RS H 1Y
JE RO T T 0 TR AR AR (B) 6 SiB2 iy
9 FivRE S AL 3 I ) 13 B, A g SiB2
fR 7 Fh IR 12 B AE BIORT 55 4 38 2 50U T A
T %% (Baker, et al, 2003) ,

Pl THAE X A i e AN T A8E XA AR 3 X g oAb
BT KRR I N R T A S LAY O i A
ARG SRR . A 22 s H SiB2 #1731 A (A
AT B RE ST ST L O o LI S AT 5 R
(Colello, et al, 1998;Gao, et al, 2004; 8¢ = 25,
2010; Yan, et al, 2010) ;145 %%# s i SiB3 =X
XoF DX 3 e 388 i RN A ]  #8 THT ) R et e R b 3R I
#4T T HF 5% (Baker, et al, 2008, 2010; Williams.,
et al, 2008; Schuh, et al, 2010; % ¥ M4, 2011).,
(] B s AN 2022 3 P P il T A A 480 AS [m] T 4 T
4 - I B L EE R A L R S OU AT T AR
(BRI A, 20045 X1 /0 U 25, 2005 5 R i 1L 2%, 20105 fE
BRI, 2011) ., 5K &% 45 (1997) ) Ff LPM-ZD [if; i
B A b AL L b 6] R 0 i T 5 R AR ALE 43 A
Yang 4(2001) 15 ] TAP94 X ¥ ] 3% R AS [ T 4 1
ANTR ZE 9 1Y e i A e 2 R AT R AU
Whitfield 4 (2006) [ A 5 T LSPM #l CLM £
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F LW SIEAE B
Table 1 Information for the observation sites
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Fig.1 Plots for the measured (H + LE) vs. the surface available energy (R, — G)
for the Naqu (a), Anduo (b) and Suzhou Dongshan (c¢)
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KB TR B A B R R R L e R
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—¥%O f A SiB #3545 B (Sellers, et al,
1996b) , Horr, T ity #0122 22 i 19 U5 — Ak A w4 2T
W] 5 80HE ke 1 GIMMS 2 J85™ i L 23 6] 23 BE R
8 km X 8 km, F5 N 4% 1l 3 9 — AL A 4 48 Ok B MO-
DIS 32 J& ™ i, 25 [0 3 BE2E 8 1 km X 1 km, B R4
P 0% 3.,

3.2 JSREBHIE

HY T 2% > il SOOI ) SRR RN R AR TR A i
B 2 AR 2 R A R S DR E — 0 DU s A
[) ity A A5 400 25 SR 1 AT b P . ISl RN R N S A
SiB2 1 SiB3 #5301 A 4 i B A 7 A K L
= WA/ A N 1 N NI E o528 N B A N W 2
R R K B 25 KO 30 min, BEORE 3 HCH (] DY
REmE TR ARG R L 4, HATEER S,
SNZR I EG 4—5 H i SRR K AU 18. 8 mm, %
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F 2 SiB2 fil SIB3 =B
Table 2 Parameters information for SiB2 and SiB3

EY ¥ TR i e Rl
SiB2 4 e R e R e+ — 1P 5K+ i+ — 10 TR 1+
SiB3 gk Wit b R 9+ DR 1
b 2 Al 2 el /C3 i3 Al /C3 5l A
56 2 HLRE K BE (m) 0.001 0. 001 (R
568 2% 0L /85 B2 (m) 0.05 0.05 1
56 J2 I ¥ B (m) 0. 005 0.005 0.5
2 BHL AL 2 0 (KO 288 288 328
- BRI B2 BEHT R B (s/m) 30 80 R
SR FR BT R B (s/m) 42 42 v

* Rl BT AR B O R AR A .
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#£ 3 H— b S
Table 3 The NDVI data

P HS Hh 9% 2 vl SN AR 1
90—105 - - 0.342
105—120 - - 0.372
120—135 - - 0.508
135151 - - 0.522
151—166 - - 0. 257
166—181 0.293 0. 228 0. 386
181196 0.349 0. 257 0.302
196—212 0.396 0.332 0.531
212—227 0.524 0.401 -
227—243 0. 545 0. 452 -
243258 0.530 0.525 -
268—273 0.401 0. 365 -

F4 RGO EREL

Table 4 Information for the meteorological forcing data

U AR ST K- 14 SEFH f'Eﬂiﬁlﬁqzﬁ] f"ﬂT:L’iﬁEIZﬂJ‘ ek B
(K) (m/s) (hPa) /5 R EE S (W /m?) /e KA S (W /m?) (mm)
A 282.21 2.71 580 233.10/1192. 13 324.21/388. 20 257.12
ErEA 280. 53 3.98 578 241.27/1221. 61 295. 87/354. 22 293.03
I 2R Lk 295. 50 3.03 1004 176.11/983. 01 381.42/481.17 193. 83

P 3 — B0 FEAF B ISR 4, H b IR il A5 AR L
uli AP 27K IR 0 90 O 8. 3 Al 18. 01 hPa, % 2 uf
F-F- 25 Ee e 0. 00785 kg/kg.
3.3 BEXEBEITVHREHEE

TR HET 22 Z2 R M AR 1L ol 1) 3 ) I S 80 R
W 5 PR IO AT 1 HE A T2 R RN 5 SR A WL
T B8 AT 46 A+ SR 5 il b e f A2 Xk 3 i AR
# (Baker, et al, 2010) ,

#£ 5 SiB2 1 SiB3 #I G E S B
Table 5 The initial conditions used in SiB2 and SiB3

. I w2y TR s

itz Wil W W
568 J2 1R (KO 282 282 293
HWRIEE O 282 282 293
568 2 1R s 3 (KO 282 282 293
I v R R (KO 282 282 293
SiB3 /KK TR & M (kg/ke) 0.014 0.012 0.015
SiB3 & J2 A CO, fii F (Pa) 36.7 37.2 35.8

4 AR5

4.1 BPHEHBERDT

m & 2 T LA H, SiB2 A SiB3 AR UL 11 8k #4 5
B EG UL I E I I R, T SiB2 Rk B BH 5 5 SiB2 148
TG B R /N, T SIB3 A L2 SR R R B 2¢—d,
g—h " LIA t , SiB3 B 114 b 3% 4 3 HGE 5 FLg e
S 5 5 UL 5 B T — B, R B S A U

e Al Ml - S PG AR R s . R 6 AW
AN AL UL ME 5 00 I 9% k) B AR Y S it 45 SR . SiB3
FERLAY 4 AWy B A0 AR 15 22 T — b bR v 22 430
AR T SiB2 2 M T o R B T R £
G L AR 25 SR e oAb 3 AN
SiB3 5 XL 5045 11 A DG AR = SiB2.,

ML 3 43 #r AL e i v] DL . SiB2 il SiB3
Xof B ARG B VG R S 3 MR H
A A A UL UL I L 8 AR — 350, 0 X v A S o Y
DL 28 R 55 00 0 R W) 45 A2 B . SIB2 il SiB3 5
Al B J R AT T AN A T R A JER B R 7 R
W, 25,7 A SiB2 Al SiB3 AR R B B P
P AE 43 B AL 6. 83 F1 17. 8 W/m? , ¥ #4358 & -
U AE 4 BIRAS 57.0 F147.3 W/m?;8 J B il &
S 4 s 43 BIAR AL 3.66 F1 11.8 W/m*, 7 H SiB2
H1 SiB3 A5 0 4th e+ 48 HGE T 3 08 (E 4 B e A
137 #1 37. 0 W/m*, i 8 H 4» %l & £ 121 #0
40.4 W/m?* , "] I, SiB2 5 -+ 58 G it iR L8R A
253X Al Be S B Ol SiB3 5 2 H 3E A Bl A5 X (Dai,
et al,2003) (1) 10 JZ 545 H B4 T SiB2 19 3 )2 &
BRI 25 08 T 0 A% )2 IR B AR AU 2 T A
T A ERGE B AR 7.8 v PG A
KT REHGHE 2, B8 & 5 2 DA OB U T RE , X2
Sy G ARk B ) S L P R i O A E B R Z )R .

P4 R PR A 55 A 401 1 35 R B (R 2 TR
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Fig.2 Comparisons of the simulated surface fluxes with observations at Naqu site. (a, e) sensible heat fluxes,
(b, D) latent heat fluxes, (¢, g) surface soil heat fluxes, and (d, h) net radiation fluxes; (a—d) SiB2 and (e —h) SiB3
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Table 6 The coefficients of detemination, bias (B), standard error estimate (Esz) . and normalized standard error
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estimate (Exse) for the land surface energy simulated using SiB2 and SiB3 against direct measurements at the Naqu site

SiB2 SiB3
r? B(W/m?) Egg(W/m?) Exse r? B(W/m?) Es(W/m?) Ense
JERCHA 0. 67 11.72 27. 20 0.53 0.83 5.68 19.59 0.38
PG J 0. 87 -3.78 33.20 0.26 0.89 10. 43 31.91 0.25
2% - HEHGE 0.95 9.78 71.15 0.73 0.91 4.13 35. 36 0.36
Ve S 3 1. 00 -23.18 11. 43 0. 04 1. 00 -28.07 11. 22 0. 04
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Fig. 3 Comparisons of the diurnal composites of observations with SiB2/SiB3 at Naqu site

(a) sensible heat fluxes, (b) latent heat fluxes, (c¢) surface soil heat fluxes, and (d) net radiation fluxes,

circles are for the observed data, dashed line is for the SiB2 simulations, and solid line is for the SiB3 simulations
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Fig.5 Comparisons of the simulated surface fluxes with observations at Anduo site. (a, e) sensible heat fluxes,
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(b, D) latent heat fluxes, (¢, g) surface soil heat fluxes, and (d, h) net radiation fluxes; (a— d) SiB2 and (e —h) SiB3
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Table 7 The correlation coefficients, bias, standard error estimate(Egg)
and normalized standard error estimate (Eysg) of land surface energy fluxes

simulated using SiB2 and SiB3 against direct measurements at the Anduo site

SiB2 SiB3
r? B(W/m?) Esg(W/m?) Exse r? B(W/m?) Esg(W/m?) Ense
R HGE 0.59 17. 54 34. 80 0.72 0.59 12. 55 32.90 0.68
T A = 0.63 42.56 63. 76 0.86 0.65 31.79 49. 67 0.67
i PG 0.90 10. 00 68. 63 0.61 0.79 7.84 59. 59 0.53
e 5 38 1. 00 0.61 16. 52 0.06 0.99 -15.10 32.43 0.12
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Fig. 6 Comparisons of the diurnal composites of observations with SiB2/SiB3 at Anduo site

(a) sensible heat fluxes, (b) latent heat fluxes, (c) surface soil heat fluxes, and (d) net radiation fluxes
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Fig.7 Comparisons of the simulated surface fluxes with observations for at Suzhou site (a, e) sensible heat fluxes,
(b, D) latent heat fluxes, (¢, g) surface soil heat fluxes, and (d, h) net radiation fluxes; (a—d) SiB2 and (e —h) SiB3
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Table 8 The correlation coefficients, bias, standard error estimate (Eg:), and normalized
standard error estimate (Eysz) of land surface energy simulated using SiB2 and

SiB3 against direct measurements at the Suzhou site

SiB2 SiB3
r? B(W/m?) Esg(W/m?) Exse r? B(W/m?) Esg(W/m?) Ense
R HGE 0.82 19. 54 40. 22 0. 47 0.78 -11.04 42,54 0.50
T A = 0.36 -49.35 90. 62 0.77 0.54 - 4.46 61.14 0.52
i PG 0. 64 -13.38 70.94 1.82 0.68 -16.12 52.19 1.34
e 5 38 0.99 5.76 17. 20 0.09 0.99 10. 52 36.19 0.19
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Fig. 8 Comparisons of the diurnal composites of observations with SiB2/SiB3 at Suzhou
(a) sensible heat fluxes, (b) latent heat {luxes, (c) surface soil heat {luxes,

and (d) net radiation fluxes
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