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Table 1 Information of flux sites

51D P 205 WA =Y WA I K &3 0

BE-Lon Belgium 50.6 4.7 CROP  2005~2006
DE-KIi Germany  50.9 13.5 CROP 2006
CA-TP4  Canada 42.7 -80.4 ENF 2003~2005

FI-Hyy Finland 61.8 24.3 ENF 2004, 2006
NL-Loo Italy 424 11.9 ENF 2003~2005
US-Me2 uUs 445  -121.6 ENF 2004~2005
US-NR1 uUs 40.0  -105.5 ENF 2002~2003
AT-Neu Austria 47.1 11.3  GRASS  2004~2006
CN-Cng China 44.6 123.5 GRASS  2008~2010
CN-Du2 China 42.0 116.3 GRASS 2008
CN-Ha2 China 37.6 101.3  GRASS  2003~2005
CN-HaM China 37.6 101.3  GRASS 2003
RU-Hal Russia 54.7 90.0  GRASS  2002~2004
US-Arc uUs 35.5 -98.0  GRASS 2005
US-1B2 uUs 41.8 -88.2  GRASS  2006~2007

IT-Col Ttaly 41.8 13.6 DBF 2005~2006
US-MMS uUs 39.3 -86.4 DBF 2003~2004
US-WCr uUs 45.8 -90.1 DBF 2004~2006
US-Wi8 uUs 46.7 -91.3 DBF 2002
BE-Vie Belgium 50.3 6.0 MF 2004~2006
CA-Gro Canada 48.2 -82.2 MF 2004~2005
CA-Oas Canada 53.6  -106.2 MF 2003~2005
CA-Obs Canada 54.0  -105.1 MF 2003~2005
CN-Cha China 42.4 128.1 MF 2003
22 B #E
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MODIS M 3 (https://modis. gsfc.nasa. gov) [
MODI5A2H j il (7 [8] 73 #f 4 500 m, i [6] 73 B =R
8 d) Ny A W 5% il A i TT R4S %K (Leal Area Index,
LA B B4 U8, SR I = YR 2% o 806 MODIS LA
7 A ECHE A T T Y T R L = )2 5 i R B
B A Ko e W D Sh B G . M AT MODO9AZ2 7= i 1
Hb 3R S5 2R A (23 0] 43 B 28 500 m, B[] 3 HF %
8 d) 53 fili b % 1 7K 43 45 % (Land Surface Water In-
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Table 2 Parameters of the TPGPP model in different

vegetation types'*"

PFT Riar—o  apar k, E,/K a K/mm
CROP 0.25 0.40  0.244  129.498 0.934  0.035
ENF 1.02 0.42  0.478 124.833  0.604  0.222
GRASS 0.41 1.14  0.578 101.181 0.670  0.765
DBF 1.27 0.34  0.247 87.655  0.796  0.184
MF 0.78 0.44  0.391 176.542  0.703  2.831
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1.0
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TR R D) 25 B Y R* 5 RMSE F4 9% 2 38 Bl 58, 43 )
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Flux #5820 45 5 R* f RMSE (13 fl 4 0.63~
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S AR ) TPGPP A5 AU 25 SR ) R” e 1 Ay 79 A A
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Flux 5 Y £ f] 25 4 R* F1 RMSE 9 3 [l o 0.72~
0.96 gCm*d" #1 0.30~3.47 gCm*d"', 354 (67%)
i AR FE TPGPP B R A H 25 5 0 R* 5 T 55 R b 5t
R, 26 4~ (50% ) 3l 4F 7 TPGPP A5 5 A5 0 4% I 114
RMSE ik T H fth P Fl 858 8, 40 4~ (77 %) ¥ 4F 19
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Fig.1 Simulations of the C-Flux, ReRSM and TPGPP model at daily and 8-day scales



% 2 4

TRAR A5« FE 0 SRR O 5 B A A AR 4 R IR R A B 439

L d RIS d R, 3 Fh A AU AR 45 45 S i) R 2%
SAKCE 2(a) FIE 2(c)), M RMSE [ 22 5% 8 K
(E2M)fE2(d)). B2 F£WH, ERXRE,
RMSE 25 5 #5¢ K 19 3 4F & US-ARc_2005, ReRSM
L ) RMSE 4 6.29 gCm *d ', C-Flux #l TPGPP
R RMSE 43 91 /& 1.32 f11.30 gCm™d ', 2 % A
43 4 5 Sk 376.52% F1 383.85% ., 2 S /MY U
4 J& DE-KIi_2006, ReRSM ## %Y £ 4] () RMSE &
2.10 gCm*d", C-Flux 1 TPGPP B AU 1 () RMSE
O3 ) 1.92 f11.95 gCm*d", 22 5 A 43t 40 5 N
9.40% 1 7.70% o HAth 3k 4F ) RMSE 22 % A 43 Lt
0 9.79%~376.39% . 7 8 d B ,RMSE 2 7
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Fig.2 R’and RMSE histograms of the three models in 52 site years at dailh and 8-day scales
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Fig.2 R’ and RMSE histograms of the three models in 52 site years at dailh and 8-day scales

(1.66 gCm*d") , {H Re 1Y 5% 480 17 76 A% Al 19 I % 5
ReRSM £ 5 R*(0.74) i T C-Flux £ # , RMSE £
(1,91 gCm*d™) , fF7E i fili Re 9L 4 ; C-Flux 1
Bl R £ % (0.69) , RMSE (1.71 gCm™*d") 1% F
ReRSM £ A & A7 B & 1 & A S ARl Re; 7€ ENF
FEBE 28 ReRSM AL () R*(0.69 ) i T HoAth 194 Fil
i, TPGPP A B i RMSE(1.08 gCm 2d ") ik T H
b 5 A AL 5 C-Flux B8 i R*(0.76) 5 TPGPP #5
RL(0.76) AHIE A7 7E Re R A B9 L4 s 75 GRASS H 1
ZE I C-Flux F Bl Re R4 ™ 5, TPGPP 1
RV B A IR A Re, HZ A AL R 5 &5

(0.84) ,RMSE # it (1.41 gCm*d") ; 7E DBF # #% 2%
Al ReRSM # R () R” % ik (0.48) , RMSE f% 7
(2.50 gCmd™") , ik i Re B4 ™ & 5 55 41 9 F A2 40
t, TPGPP # &l ) R*(0.65) W & F C-Flux f& !
(0.61) ,RMSE (1.73 gCm*d") B ik T C-Flux 5 %
(1.85gCm*d ") ;X Re KF 8 gCm *d 'H , P Pl i1 1
H—E A Re LA ;76 MF 28R | ReRSM 7Y 1)
R*HAK(0.74) , RMSE f/5 (1.29 gCm *d ) , 43 A Re
G 5 5 PR R AL A B 8 3 1 s A AR Re, L TPGPP
R B R* ¢ 75 (0.85) ,RMSE ££4%(0.89 gCm*d ™) .



% 2 4

DA 55« 5 T 3 R i

3

WL 548 1) A= 25 2R G0 P IR T L 45

441

12 24 20 12
1=1.056x-0.718 al) 1=0.629x+0.228 a2) 1=0.609x+0.359 a3) 1=0.699x+0.377 ad) y=0.760x+0.348 a5)
R=0.693 R=0.756 20] K=0.783 R=0610 R=0.805

|| RMSE=1711 RMSE=1.438 “"| RMSE=1.658 16] RMSE=1.850 RMSE=0.930

o

E

O

28

£

H

”\

[

4
0
1 12
=1273x-1.129 a6) a7) y=0.750x-0,507 a8) =0464x+0.116 29) y=0.769-0.218 al0)
R'=0.735 -~ R'=0436 % R*=0.481 R=0.742
0 20
RMSE=1.913 g*° RMSE?}O% 16] RMSE=2.499 RMSE=1.289
12

~ k)

3 A

‘E

O

28

E

2

o

e

4

GRASS

ReRSM
=0.567x+0.057 all) y=0.751x+0.468 al2) 886x+1.014 al3) y=0.488x+1.721 ald) =0.818x+0.099 als)
.822 R=0.764 20] B=0835 0.649 R=0.847
RMSE=1.661 RMSE=1.081 5 RMSE=1.414 161 RMSE=1.732 RMSE=0.889
o 8
a i
o
C]

Re_sim

ENF
TPGPP
12 12 12
1 12
771.083x-0.842 bl) y=0.638x+0.188 b2) 1=0.633x+0.301 b3) =0.733x+0.268 b4) 1=0.763x+0.309 b5)
R=0.737 R'=0.825 R'=0.820 R'=0.662 R*=0.863
2 RMSE=1.558 RMSE=1.350 12 RMSE=1.389 RMSE=1.658 RMSE=0.809
= 3
k]
S s
E
o
-
4
CROP
C-Flux
0
12 12
1
=1.295x-1.192 b6) b7) 1=0.766x+0.550 b8) =0.482x+0.051 b9) =0.783x-0.257 b10)
R=0.776 R'=0.745 20] K=0456 o ¢ R=0.512 R=0.797
. RMSE=1.752 .. RMSE=1.333 ., RMSE=2.908 ,| RMSE=2391 RMSE=1.184
. 1
-"U
‘E
S s
E
H
2
o
4
GRASS
ReRSM
0
20
12 1
»=0.571x+0.053 bll) =0.828x+0.403 b12) y=1.019x+0.9391 b13) y=0.553x+1.736 bl4) =0.846x+0.048 bl5)
R=0.853 R*=0.802 R=0.877 R'=0.688 R'=0.892
RMSE=1.608 RMSE=0.947 164 RMSE=1.481 " RMSE=1.584 RMSE=0.752
S s s
¥ so
£
o
C] .t
£ oo X
I 4 . -
o 55 .
3 .f
. .
5., . CROP ENF GRASS MF
W TPGPP TPGPP TPGPP TPGPP
0
0 4 .8, 12 0 4 8 12 0 4 8 12 16 0 2
Re_obs (g C m*d") Re_obs (gCm”d") Re_obs (gCm”d")

[dl al~al5k 1 d ¥ (B bl~b150 8 d RJE

B3 STHEHLBEIFHEN D ReRBES AN EN B < E

Fig.3 Scatter plots of Re simulated and observed values of five vegetation types with the three models at daily scales

4 8
Re_obs (gCm*d")



442 &K

R 5

o 35 4%

K31y 8 dREEZ R 78 CROP H # 25 Y,
TPGPP 5 # f) R* f 75 (0.85) , Re A5 8177 76 B 2. 11
A PS4 s ReRSM A AL R* (0.78) ik F TPGPP 5 Y
(0.85) , RMSE (1.75 gCm™d™") & T TPGPP # #I
(1.61 gCm>d™") , fE7E & fili Re F BL % ; C—Flux 8 #l
R*(0.73) 1 RMSE £ (1.56 gCm™d™) , %47 1 &2 /Y
o Al B AR AL Re; 78 ENF A g 28 A b | ReRSM A5 #4
[ R*(0.75) A% F o Athy 19 Ffp 455 0 | W B AR A Res C—
Flux #8411 R*(0.83) 5 TPGPP AL A1 (0.80) AT , H
JEAEAE Re A M B4 s 7F GRASS f g 28 78t C-
Flux # % RMSE % (1.39 gCmd ") , {H B &A% A4
Re; TPGPP 571 R* 5 K (0.87) , A B Wk 1 3 il =
fii Al Re; #£ DBF #H # 25 rf | ReRSM #5 Y [1) R* f;
fi£(0.51) ,RMSE % /& (2.39 gCm*d™") , ki Re I %
= by A R TPGPP R # R*(0.69) W% 25
F C-Flux 1 (0.66) , ¥ H — & LAl Re L% 5 7E
MF 5 % r ReRSM #2281 R* £z % (0.80) , RMSE
Herm (1,18 gCm™d ™), A RAl Re LG 5 53 T Fh 5 714 1%
AW WA S A Re, H TPGPP & A iy R* fil
RMSE 5 C-Flux # &I A7 T
33 mEREILE

B 4(a),3FB 8 o, TPGPP BB REHL Re (1) R®
() f5e K Be 8, M 0.95, Hi K 2 ReRSM A5 A oy
0.94, C-Flux BRI AIK, 4 0.91. TPGPP 1 R 24
Re i) R* 9 (v B i =5, 0 0.83, H Ik J& ReRSM, 4
0.82,C-Flux & fik, # 0.80, TPGPP Al Re K
R* {1 F ¥ {4 £ & .} 0.83, ReRSM F1 C-Flux ¥ H
0.80, 4% % £ W], TPGPP ¥ %l R* f5c 5 , H k2
ReRSM, C-Flux ik . MK 4(b) hr] LIF i, TP-
GPP B B ) Re i) RMSE 1 fic KAH i (K, b 2.42
g C m*d", ¥k & C-Flux B & , )y 3.59 gCm™d",
ReRSM # # 2 #5 , 4 6.29 gCm*d'. TPGPP #i !
4L Re () RMSE (9 H o7 3 {I, 7 1.08 gCm*d ",
HKE C-Flux &1, }1.19 gCm*d”, ReRSM # !
B F, 8 1.72 gCm*d'. TPGPP % %I # ] Re 1y

10 8

RMSE %8 & Ik, K 1.20 gCm“d™", H ik 2E C-
Flux %1, 4 1.33 gCm™d™", ReRSM #5 # f% i
1.84 gCm”d"'. 45 R £ W, TPGPP £ %! RMSE fix
I, HR & C-Flux #1# , ReRSM A5 7 15 .

M 4Ce) T LA H, ReRSM 5 B A5 48 Re fY
R e KAE B 5, 4 0.98, ik J& TPGPP B, oy
0.97, C-Flux B R AIK, 24 0.96, TPGPP 1 % 5 41
Re ) R* 1 v B0 55, 0 0.89, Hk J& ReRSM,
0.88,C-Flux % fik , 4 0.87. TPGPP & B 1l Re Ay
R - 4 % &5 , 0 0.88, ReRSM # Bl 2 , Ky
0.87,C-Flu L AU AIK, }y 0.86. 45 E W, TPGPP
BEAY R* B R, ReRSM B AU AT C—Flux #5278 1) R HL 4%
i, WE 4D AT LA 1, TPGPP BRI L4 Re
1) RMSE %) $5z KA Bz /N, Ky 2.45 gCm*d™, Hok &
C-Flux 8, 4 3.47 gCm’d ", ReRSM & &l %t 75 ,
6.07 gCm*d", TPGPP A # 4 Re i) RMSE fiy
P AR, 8 1.04 gCm7™*d ™, Hok & C-Flux A1, &
1.12 gCm™d", ReRSM #& A fiz & , 4 1.54 gCm™“d ',
TPGPP # %1 8 4] Re #) RMSE (4 °F- 24 i % 1% , A
1.14 gCm™d", ik & C-Flux #i8, 4 1.21 gCm*d,
ReRSM # f 5 , 4 1.70 gCm *d ™', 45 B £, TP-
GPP £ ! RMSE & fit , H & & C-Flux £ & ,
ReRSM #7875 .
4 i
4.1 ReRSMIRBIZERERSHT

ReRSM B 1| R, & Re T 22241 B 43, R
HZEE a U GPPRFER , H, ZEla B H
PR 41 - 5 LSWL, B 56 i 2k Pk e ik =X, 3 LU
57T, EMXHLEREL(AKX13) . E5H ,a
(B o M B AF 1 AR 8 d B, S i A, W A v A
B9 35 4E 47 . Ru-Hal(2002~2004 4F ) \US-ARc(2005
4E) A CN-Cng(2008~20104F ) ; a (HE AR A 25 4F , K
18 KA AU 285 AR AN L B B AR AN A9 36 4F A : FI-Hyy
(2004, 2006 4F ) \US-MMS (2003~2004 4F ) . US-

T T T
08 ? F ? B
’d:% §ﬂ4
04 g ’
Melan=
0

0.6

2

1.0

NES==E=

=]

=)

04

RMSE/gCm=d"!
=

M

0.2

Lk

0
C-Flux ReRSM TPGPP C-Flux

(2) 1 dRE3FMEIIN RS TTHE]

ReRSM

TPGPP
(b) 1 dREE3FMEAIRMSES 1]

L C—Flux ReRSM TPGPP
(d) 8 AR EE3FMEAIRMSESE 111

O "CFlix  ReRSM  TPGPP
(c) 8 ARBE3TPEATIN RG]

El4 C-Flux,ReRSM #1 TPGPP & 2 &) 25 R i) R*F0 RMSE F8 7 Bl
Fig.4 R’ and RMSE box-plots of simulations of the C-Flux, ReRSM and TPGPP model at daily scales



A 55 - 2 T i RO 3ty e LI K00l 1) A 25 R 8 I IR Y L

443

®3 1dMSdREZERMEMLERFITE
Table 3 Simulations of the three models at daily and 8-day scale
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Comparison of Ecosystem Respiration Models based on Remote
Sensing Data

Shen Qian, Zhou Yanlian, Shan Liang
(School of Geography and Ocean Science, Nanjing university, Nanjing 210046, China)

Abstract: Ecosystem respiration (Re) is an important component of terrestrial ecosystem carbon budget, and it
was important to simulate Re accurately. In this study, Re was simulated at daily and 8-day time scales at 24
flux sites (52 site years) including 5 vegetation types by using three typical ecological models established based
on remote sensing data, C—flux (the carbon flux model) , ReRSM (Ecosystem respiration Remote Sensing
Model) and TPGPP (Temperature Precipitation Gross Primary Production) model. Results showed that the
three models had different performances. At 52 site years, the ranges of R* and RMSE were 0.72~0.96 and
0.30~3.47 gCm*d" for the C-flux model, 0.70~0.98 and 0.45~6.07 gCm*d" for the ReRSM model, and
0.76~0.97 and 0.41~2.45 gCm *d ' for the TPGPP model. The TPGPP performed best compared with the oth-
er two models. R* simulated with the TPGPP model was higher than the other two models at most site years
with proportions of 73% and 67 % at daily and 8-day scale, respectively. At daily and 8-day scale, R* simulated
with the ReRSM model was higher than that with the C-flux model at most site years with proportions of 75%
and 77% , while RMSE with ReRSM model was higher than that with the C—flux model at most site years with
proportions of 79% and 76% , respectively. Results indicated that the ReRSM model could simulate the trends
of seasonal variations of Re while model parameters had some uncertainties. One important parameter in the
ReRSM model, LSWI,, (Mean annual growing season of land surface water index) , which was much lower
would result in overestimation of Re, and higher LSWI,,, would result in Re underestimation.

Key words: Ecosystem respiration; C-flux model; ReRSM model; TPGPP model



