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Optimization and validation of the vegetation photosynthesis and respiration

model in a temperate broad-leaved Korean pine forest
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Abstract; Optimizing key parameters of the Vegetation Photosynthesis and Respiration Model ( VPRM) is crucial for
accurately calculating net ‘ecosystem CO, exchange (NEE). The objectives of the present study were to use data measured in
temperate brodd-leaved Korean pine forest at Changbaishan ( CBS) in 2005 to optimize four VPRM parameters, maximal
light use efficiency /( &,), half-saturation value of photosynthetically active radiation ( PAR,), and two respiration
parameters (e, ), and to evaluate the simulation results using data measured in 2006. Using the optimized parameters,
the ' VPRM. was able to accurately simulate variation in net ecosystem CO, exchange ( NEE) during the growing season of
2006. For 30 min NEE simulation, the mean bias was —1.81 wmol m™ s™', and the correlation coefficient was 0.72. In
regards to daily variation, the peak NEE value was underestimated by 9%, and the correlation coefficient was 0.97.
However, the VPRM was unable to accurately simulate NEE during the non-growing season. During this period, the mean

bias for 30 min NEE simulation was 0.39 pwmol m™s™", and the correlation coefficient was 0.10. In regards to daily variation
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during the non-growing season, the peak NEE value was underestimated by 82% , and the correlation coefficient was 0.50.
Furthermore, we also found that the VPRM is better suited for simulating NEE on sunny days than on cloudy or rainy days.
The present study facilitates application of the VPRM to studies of the NEE of temperate broad-leaved Korean pine forest

and has important significance for improving simulation of regional terrestrial ecosystem NEE.

Key Words: vegetation photosynthesis and respiration model ( VPRM) ; net ecosystem CO, exchange (NEE) ; parameter

optimization ; temperate broad-leaved Korean pine forest
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Table 1 The geography, climate and vegetation condition in ChangBai station

I H Projects #§i& Description T H Projects #5318 Description
HuA, Location B ES &L F RN || AR F4REIK i Annual mean precipitation 713mm

L4 Latitude and longitude 42°24'9"N, 128°05'45"E 4x4F H FBI % Annual sunshine hours 2271—2503h
WK Altitude 738 m SAETCREY] Annual frost free period 109—141d
SAEZEAED Climate type T 2 RS A SRR Annual mean temperature 3.6C

FE#E ST Vegetation types T AR SR} [H]- Observation time 2002 FFEE 4
P Dominant species AR /N N N
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FAPR,,, = EVI (2)
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Fig.1 Schematic diagram of the Vegetation Photosynthesis and

Respiration Model ( VPRM)
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2.1 VPRM B S5k

FF 1 3k 2005 48 f9 WL ZORE RS FRI-ZTAABR Y VPRM S8BT IIE AL 45 5 2 i, #£2
JRIAESH [ Mahadevan 25 7E 3036 X F1] B Harvard Forest 3 5,120 Y5 7% - 7 I Ak 2000—2003 4F S0 %%
Xt VPRM S50 i 2 . VPRMES B2 AL T e, R JE 9 0.127 284 0.351, IR AE(E K 2.8 7%, [FI,
PAR, Ll JF S 570.0 \wmol m™ s™' 48 4 279.6 pmol m™> s WM F FAE(E R 0.49 %5, B H1JF JE Y 0.250
pmolCO, m™ ™' 824 1.541 pmolCO, m™ s, PAHASEAEAE KN 2R FE S AFERREEWEDEE A
et SR, VPRM XS B AL, SRS S K2 W (5 Ll DX A A RN e 2K RUARAIE

#2 VPRMERSH
Table 2 Parameters of VPRM

S8 £/ PAR,/ o/
oo -2 ~lqo-1 B/ (pmol m™s™")

Parameters (pmolCO,/ pmolPPFD) (umol m™2s7") (pmolCO, m™ s™'C7)

J5 % Origunal 0.127 570.0 0.271 0.250

Heflls Optimized 0.351 279.6 0.246 1.541

2.2 VPRM BEIE5 R 55017

AP A L X FR AR NEE 7E A2 K 2 SR A K R B B 8O R A9 28 AL R AE 8 2006 4F NEE 1540145
RO kY E K (5—9 A) SHYAEEKZE(1—4 A 10—12 A) i B S IR BE 7% HE
2.2.1 HWEKZ NEE SH0E S5 0IE R

PS8 A VPRM A58 X 2006 4K P Ll X 2L A PR 30minNEE #EA7#E48, XF ke 5 =9 H (Ml
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Fig.2  Regression analyses between VPRM—-simulated NEE (NEE_VPRM) and observed NEE (NEE_Obs) during growing season ( May

to September) in 2006 at Changbaishan site based on original parameters (a) and optimized parameters (b)
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Fig.3 A comparison between the observed and simulated mean
diurnal variation of NEE during growing season ( May to
September) in 2006 at Changbaishan site
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Fig.4 Regression analyses between the simulated mean diurnal variation of NEE ( NEE-VPRM) and observed mean diurnal variation of
NEE (NEE-Obs) during growing season ( May to September) in 2006 at Changbaishan site
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{EAUA T R AIRER MR 0.058 Fi1 0.068 , BB NEE mE#8 776 B W AYIGA, . SRR LG S5t L)E S5
B NEE {85 W0IE 9 Y15 25 5350 8 - 0.86 \umol 'm ™ 7' 1 0.39 umol m™* s™", R* EAX 4324 0.005 FI
0.01( £ 4) , FHUSCR A2 | 1X T B O E R IR A K R U I, et A A S R G 5 <R 22 AR
PFELRMEI R T VPRM JE MWL Fb ok IR A 2t s, 100 S BB R A A A A K 24 NEE A4
AR RIIRZE

% 32006 F M EKS (5—9 [ ) NEE #BUE S WiNE = B #5547
Table 3 Statistical analysis between simulated NEE and observed NEE during plant growing season ( May to September) in 2006

I B NI - BWIRIRE o -

Bl KPR 24 PR 22 Root meen LiEESE GRS AR

Data types Using two different parameters Average error JifH R? Valid data

square error

30minNEE KRGS 3.19 6.76 0.53 4115
RIS S5 -1.81 8.61 0.52 4115

NEE H 33454k KRGS H 2.65 4.31 0.93 48

Mean diurnal variationof NEE  RIEILIG 28 -0.06 2.17 0.93 48

Table 4 In 2006, statistical analysis between simulated NEE and observed NEE during non-growing season ( January to April and October to

December) in year 2006

R4 2006 E£EWIELEKZE NEE #38ESWNEZ BHKIT S

=1
Btk RAPIAURI 24 pgee OTREEC ezmmer o
Data types Using two different parameters Average error square error FE R Valid data
30minNEE KIS % -0.86 3.34 0.005 5372
KRS 0.39 3.09 0.01 5372
NEE H- #5751k K E A S5 -1.24 0.98 0.001 48
Mean diurnal variation of NEE KA G S5 0.01 0.80 0.25 48
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variation of NEE ( NEE-VPRM ) and observed NEE ( NEE-Obs)

B 6 1<H Lk 2006 FEWIFEKFHIUN NEE SR NERF
HEEN

Fig.6 A comparison between the observed and simulated mean
diurnal variation of NEE during non-growing season of 2006 at
. . during non-growing season ( January to April and October to
Changbaishan site

NEE_Obs, NEE Ml f& observed NEE; NEE_Ori, J5i # 2 HUBE 40l (1
NEE simulated NEE with original parameters; NEE_Opt, {4k J5 S %

December) of 2006 at Changbaishan site
NEE _ Ori,/ Ji 47 2 B0 L 9 NEE simulated NEE with original

LAY NEE simulated NEE with optimized parameters parameters; NEE _Opt, PEfe )5 2 BB NEE simulated NEE with

optimized parameters
K9 Rpiig K ANFIRN K VPRM B4R GEE 5 R MAMKAE, WE K GEE MUE(EZE H EF- R B R
€, HARML IR 24 GEE /v, GEE AYUE(E N -33.55—-41.83 wmol m > s™' | R} 4.05—7.94umol m™> ™", ILHT,
NEE %% GEE $5, AHL 1 PEBUEIE (1 2,A1 PAR, {H X4 g K 451 F R NEE A8 B0k, [RIRf Al & i R,
HYUE(EAH LE GEE B {H AEIR 2 1—2h X J2 Pok R, £ 2232 SR, Im b T <RAE TS 2 h 24 88,
R GEAE P 5 B R PR 4R S e iR O [T 7R 1E7F . VPRM BERLEC G A 1 Bk e

——NEE_VPRM o NEE Obs

30
20
10
Lo 9
B o
&
SIS
£7
@g—zo
\\
¥E -30
2z
-40
=50 . . . . . . ) -50 . . . . . . )
204 205 206 207 208 209 210 211 160 161 162 163 164 165 166 167

H 5> Day of year

8 A LL3E 2006 £ DOY204—210( I5F) (a) 5 DOY160—166( AT %) (1) NEE &&#IE 5 W& 3T bt
Fig.8 A comparison between simulated NEE and observed NEE at Changbaishan site in DOY204-210 ( sunny days) (a) and DOY160-166
(cloudy or rainy days) (b) in 2006
NEE-Obs,NEE WM observed NEE;NEE_VPRM,Z‘%ZUEHZETE%U\ ) NEE simulated NEE with optimized parameters
HIERMLE, FIF K GEE (HE/N HAZRGERER R BT (18 9b) . GEE HYIE(E N -9.96—-16.89
pmol m™ s™ RN 3.77—6.98 pmol m™ s™', GEE Wy KIE(H S5 R FAAEARH PLAES 163 K, 24 H PAR %

http ; //www.ecologica.cn



6688 A E = 37 &

KA H 1632 pmol m™ s™" | il GEE e/ IME{H HI PRAESS 162 K, 24 H PAR I8 4 622 pmol m ™2 s, I TR K
SIFEM 25 J2 0 K PR S I R, PAR ZERSHRLR o] N AR AR AR K, 530 GEE ARk R K, R, ZELAH
AR A AR 2 R G0 2 Pl SR (B SR ) ] I B RN, 2= )23 1 X K F et 5 1) 55 RN 43 e ]
T 3 X b A AR R b TR (B R ) AR A R 22 08N, DT 0 A R G IR I 1 AR A
I, VPRM Xf BH I K NEE ASE45U77 78 358 R AN B e P

ZE ERTR il SRR RSB AT, K B0 VPRM B A] DA i RIS KRR K LB IX. NEE. f4
A4 (SRR B RN R NEE PR A 2 AL AN PR, 7 2006 41, 4 1 LU b IX R ) A A2 B
MRKBK L 63 d, 5K Z B KB 41.2%, VPRM A RIS FH I K NEE B8 A 2 £ 5 mi kK 2
NEE AUREIROR . MY AR K 25 1E 2% X ARk NEE % 28 B 3 Z 3], 130K E— A 5200 VPRM. X 4 4F NEE
PR,

—_ [\ (98]

[=] (=} (=} (=)
T

[} (98]

(=} (=}

|
3]
[=}

L EDL:N
Values of simulation/(umol m2 s7")
28 5

A A A A A A : 50 A A A A A A :
204 205 206 207 208 209 210 211 160 161 162 163 164 165 166 167
H 3 Day of year/d
9 KAWL 2006 F£ DOY204-210( 5 K) (a) 5 DOY160-166( FFK) (b) 8 GEE 5 R BT
Fig.9 A comparison between simulated and observed GEE and R, at Changbaishan site during DOY204-210 ( sunny days) (a) and during

DOY160-166 ( cloudy or rainy days) (b) in 2006
GEE, 25U L IF B GEE simulated GEE with optimized parameters; R, , ZELAL GG R, simulated respiration with optimized parameters

3 itig

IIEREFIFHER 20 VPRM i1 GEE K/NWSCEESHL, 1N [RIAE 4 28 A0 s A A 10 1) X B % 1 1) e,
FEAIE] , AWFFER A WL, 2005 438 5 0000 558k s e 4005 45 2 IR 8 LA AR & (B 0.351, LA
KAWFFTI £, (8, 140 Mahadevan 45 7 7 16 38 HARVARD 3l 552 WL 75 RHIT A3 209 &, {50 0.127"%, Yuan
SEARF B VPRM Y& I T ARG 2,158 0.156°7% Hilton 45452 BT I R Ak 2, X1 K 0.24 AR BF5¢45
PN & MR T RE S5 A IR L0 AR T2 KX, AR K, 8 R KT R X 28 R T4 X el % A
JEATER R S FOGRERI R

ZRMALZ S5, VPRM A] DU G AR ) 2 K 2= NEE (97846, (H X A9 A 4 K 25 NEE BB IS0 &5
223X 5 A N BB FE 45 FAR TR i R 2 S A R R R AR R A 285 2R G AU A S AR A 2R R
H AT, A2 25 2R G0 Bt 5 1 S 4R BSOS Ik S B GRS B T2 AR, (RIS AR AT e I TS M X R AR A
BRGNS e 2 10 (AR B, vT DU A A8 R G R AR S 9 85% Ze A, 11 UL M I 9 B L R A AR
ARG AE T2 709%™  FHERE S4B RGN B EA IR, IR R, Al LU X FR AR
35 R G RAL A TG , PR B RV AR 2 56 &R, FH 3980 B AR B ASIR IS0 A 25 R G P I M T
235 VPRM RN} NEE (UBLRL, 340, FEBH TR RS AR (BRI A 7 7 — 2 A M BTN R4
T, RS KR B AR A A 25 2R G T A e LA S A S 2R 0 O A R 18 5 S BORE ) e A TR R R A AR b

http ; //www.ecologica.cn



20 HKFER AF AEPOLA PRI 3 e 2D A AR A D0 fb S Bk 6689

VPRM F-354 % 1§ , X 278 AR AL B G5 H 5 2Lt iy 5
R 7RSS R L A SE IR A AR UL R AP AR —RE RIANEENE . i T BRI % 2 J= A

SR FRBEM AR IRY B S 2 A7 AE — S B Y X SR T SO X [ T R NEE AR D77 76 S i
SETE,

76 HAl VPRM BRI BB AL KB UE I BFSE 2 Mahadevan %5 A Hilton %5 A58 FH 7L SEH1IX 22 .65
AN 1 2—Ta BYWLIN R BE AL G A RIAE 9288 VPRM B BEILRR 45 A 22 5, A 01 ol s B 4003 SR A B
R824 Mahadevan 25 Al FHOGALSS 9 VPRM AEUBLL HARVARD 3t 5 A7 I MR FR AR A K 75 NEE AR 22
H-0.26 pmol m™ s~ AHCRECH 0.91, 85 R TAMGE . A AATTRIRF 52 B ¥ B HEA K 25 NEE B4 |
B RN KX BB s J R SRS P2 M R D8, AHIF 78 U T4 1 Ll — A3 A AT %) S0 5% A8, A5
B AT T L2l i A S ] (R ORI Gkl , SO P Ak B 235 SR R i R B M A Bk AR K A ARl K B Tk
# VPRM X5l 5 NEE BEDAYA E , F EI0E 5110 f8 , S FIAs s 28 A 24 A el VPRM W 21 5 22 1l
WOFHEATHE— 25 AR, A5 3 — 238 A 3R AN (AR DY S 70 A R 7R 2 80, 000T B e 8 1 Xl bt s 17 2 1o 7 L
AEEZY,

4 %t

ARG A ChinaFLUX & F LUk B i ZEAA AR 2005 4538 2 W0 58 kXt VPRM BRI CHE S50 (&, PAR, .«
M B) HEAT T Ak, i A % i 2T A AR 2006 4EREY A K F (5—9 A A Ak E Kk = (1—4 H 5 10—12 A)
NEE RBLAEL X EA0AS 2 S EEAT T 30 0E , 35081 T AR RRSHEX NEE B2, 15 8] DL T 2538 .

(1) X F 7 & B IR AS Ak, VPRM BL B (%) o) PAR, & FI1 B AL )5 B9 1H R 0.351 pmolCO,/
umolPPFD 279.6 wmol m™> s~ ,0.246 pmolCO, m™> s '°C*F11.541 pmol m ™~ s™",

(2) fAb)5 /) VPRM RESSET B 11 1L b XA AE K 22 NEE 972846, XF 30minNEE A1) F- 215
ZH-1.81 pmol m™ ™' AKX RN 0.72, VPRM B AR P AL A= K M NEE MBIIRICR B2 f
30minNEE FJ-F-31R 254 0.39 wmol m™ s “SAHIRREULA 0.10, I HAAUEAL NEE 735 H 281 11 KW (&
29 82% , H AR A AL {E 5 LI 19 AH 26 R 5L 0.50,

(3) LKA [F RSB 5081, B VPRM ] LA I MBS R 258 F K A L L IX NEE A8 4k, {3 X FH
MK NEE BB A2

£ 3L Hf ( References)

[ 1] Fous, 48, EROR. CBEA B SR EHESL A Z) A i f s nl . BRU5RH4, 2001, 23(6) : 10-16.

[ 2] Tans P P. On calculating the transfer of carbon-13 in reservoir models of the carbon cycle. Tellus, 1980, 32(5) ; 464-469.

[3] Tans P P, Berry J A, Keeling R F. Oceanic '*C/!2C observations; a new window on ocean CO, uptake. Global Biogeochemical Cycles, 1993, 7
(2): 353-368.

[ 4] Goulden M L, Daube B C, Fan S M, Sutton D J, Bazzaz A, Munger ] W, Wofsy S C. Physiological responses of a black spruce forest to weather.
Journal of Geophysical Research: Atmospheres, 1997, 102(D24) . 28987-28996.

[ 5] Hollinger DY, Goltz S M, Davidson E A, Lee J T, Tu K, Valentine H T. Seasonal patterns and environmental control of carbon dioxide and water
vapour exchange in an ecotonal boreal forest. Global Change Biology, 1999, 5(8) : 891-902.

[ 6] Moncrieff ] B, Malhi Y, Leuning R. The propagation of errors in long-term measurements of land-atmosphere fluxes of carbon and water. Global
Change Biology, 1996, 2(3) . 231-240.

[ 7] LiuJ, ChenJ M, Cihlar J, Chen W. Net primary productivity mapped for Canada at 1-km resolution. Global Ecology and Biogeography, 2002, 11
(2): 115-129.

[ 8] Ruimy A, Dedieu G, Saugier B. TURC: A diagnostic model of continental gross primary productivity and net primary productivity. Global
Biogeochemical Cycles, 1996, 10(2) . 269-285.

[ 9] Field C B, Randerson J T, Malmstrém C M. Global net primary production; Combing ecology and remote sensing. Remote Sensing of Environment,
1995, 51(1) . 74-88.

[10] Heinsch F A, Reeves M, Votava P, Milesi C, Zhao M, Glassy J, Jolly W M, Loehman R A, Bowker C F, Kimball ] S, Nemani R, Running S W.
User’s Guide Version 2.0: GPP and NPP ( MOD17A2/A3) Products, NASA MODIS Land Algorithm. University of Montana, Numerical

http ; //www.ecologica.cn



6690 A E = 378

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
(32]

[33]

[34]

[35]

Terradynamic Simulation Group, 2003.

Goetz S J, Prince S D, Goward S N, Thawley M M, Small J. Satellite remote sensing of primary production: an improved production efficiency
modeling approach. Ecological Modelling, 1999, 122(3) . 239-255.

Paruelo ] M, Epstein H E, Lauenroth W K, Burke I C. ANPP estimates from NDVI for the central grassland region of the United States. Ecology,
1997, 78(3) : 953-958.

Beer C, Reichstein M, Tomelleri E, Ciais P, Jung M, Carvalhais N, Rédenbeck C, Arain M A, Baldocchi D, Bonan G B, Bondeau A, Cescatti
A, Lasslop G, Lindroth A, Lomas M, Luyssaert S, Margolis H, Oleson K W, Roupsard O, Veenendaal E, Viovy N, Williams C, Woodward F I;
Papale D. Terrestrial gross carbon dioxide uptake: Global distribution and covariation with climate. Science, 2010, 329(5993) . 834-838.

Potter C S, Randerson J T, Field C B, Matson P A, Vitousek P M, Mooney H A, Klooster S A. Terrestrial ecosystem production: A process model
based on global satellite and surface data. Global Biogeochemical Cycles, 1993, 7(4) . 811-841.

Potter C S, Klooster S A. Interannual variability in soil trace gas (CO,, N,0, NO) fluxes and analysis of controllers on regional to global scales.
Global Biogeochemical Cycles, 1998, 12(4) . 621-635.

Veroustraete F, Sabbe H, Eerens H. Estimation of carbon mass fluxes over Europe using the C-Fix model and Euroflux data. ‘Remote Sensing of
Environment, 2002, 83(3) : 376-399.

Yuan W P, Liu S G, Yu G R, Bonnefond J M, Chen J Q, Davis K, Desai A R, Goldstein A H, Gianelle D, Rossi F, Suyker A E, Verma S B.
Global estimates of evapotranspiration and gross primary production based on MODIS and global meteorology data. Remote Sensing of Environment,
2010, 114(7) . 1416-1431.

Yuan W P, Liu S G, Zhou G S, Zhou G Y, Tieszen L L, Baldocchi D, Bernhofer C, Gholz H, Goldstein A H, Goulden M L, Hollinger D Y, Hu
Y M, Law B E, Stoy P C, Vesala T, Wofsy S C, other AmeriFlux Collaborators. Deriving a light-use efficiency model from eddy covariance flux
data for predicting daily gross primary production across biomes. Agricultural and Forest Meteorology, 2007, 143(3/4) . 189-207.

Huete A R, Liu H Q, Batchily K, Van Leeuwen W. A comparison of vegetation indices over a global set of TM images for EOS-MODIS. Remote
Sensing of Environment, 1997, 59(3) . 440-451.

Xiao X M, Zhang Q Y, Braswell B, Urbanski S, Boles S, Wofsy S, Moore B, Ojima D. Modeling gross primary production of temperate deciduous
broadleaf forest using satellite images and climate data. Remote Sensing of Environment, 2004, 91(2) ; 256-270.

Xiao X M, Hollinger D, Aber J, Goltiz M, Davidson E A, Zhang Q Y, Moore B. Satellite-based modeling of gross primary production in an
evergreen needleleaf forest. Remote Sensing of Environment, 2004, 89(4). 519-534.

Jin C, Xiao X M, Wagle P, Griffis T, Dong ] W, Wu C Y, Qin Y W/ Cook D R. Effects of in-situ and reanalysis climate data on estimation of
cropland gross primary production using the Vegetation Photosynthesis Model. Agricultural and Forest Meteorology, 2015, 213 240-250.
Mahadevan P, Wofsy S C, Matross D M, Xiao X M, Dunn A L, LinJ C, Gerbig C, Munger ] W, Chow V Y, Gottlieb E W. A satellite-based
biosphere parameterization for net ecosystem CO, exchanges. Vegetation Photosynthesis and Respiration Model ( VPRM ). Global Biogeochemical
Cycles, 2008, 22(2) . GB2005.

Hilton T W, Davis K J, Keller K, Urban N M. Improving North American terrestrial CO, flux diagnosis using spatial structure in land surface model
residuals. Biogeosciences, 2013, 10(7) : 4607-4625.

XU, BE, A6, WK, WL KRIR, B, XIER. AEHOEE WEIRRELLE T AR PN I AR AR 0 A S . A A 2
2F4i, 2015, 39(4) : 388-397.

Wu J B, Xiao X M, Guan D X,“Shi T.T, Jin C J, Han S J. Estimation of the gross primary production of an old-growth temperate mixed forest using
eddy covariance and remotesensing. International Journal of Remote Sensing, 2009, 30(2) : 463-479.

Guan D X, Wu J B, Zhao X S, Han'S J, Yu G R, Sun X M, Jin C J. CO, fluxes over an old, temperate mixed forest in northeastern China.
Agricultural and Forest Meteorology, 2006, 137(3/4) . 138-149.

AR, AR, RN, U5, IR ERS, SKRTEI, HsE &, T 9. ChinaFLUX CO, i S 5R AT R 455 0 . Husk{z BB, 2008, 10(5) ;
557-565.

Wofsy S.C, Goulden M L, Munger ] W, Fan S M, Bakwin P S, Daube B C, Bassow S L, Bazzaz F A. Net exchange of CO, in a mid-latitude
forest. Science, 1993, 260(5112) . 1314-1317.

Lloyd J, TaylorJ A. On the temperature dependence of soil respiration. Functional Ecology, 1994, 8(3) . 315-323.

Fang C, Moncrieff ] B. The dependence of soil CO, efflux on temperature. Soil Biology and Biochemistry, 2001, 33(2) . 155-165.

Yuan W, Liu S, Cai W, Dong W, Chen J, Arain A, Blanken P D, Cescatti A, Wohlfahrt G, Georgiadis T, Genesio L, Gianelle D, Grelle A,
Kiely G, Knohl, A, Liu D, Marek M, Merbold L, Montagnani L, Panferov O, Peltoniemi M, Rambal S, Raschi A, Varlagin A, Xia J. Are
vegetation-specific model parameters required for estimating gross primary production? Geoscientific Model Development, 2013, 6(4) . 5475-5488.
Yuan W P, Cai W W, XiaJZ, ChenJ Q, Liu S G, Dong W J, Merbold L., Law B, Arain A, Beringer J, Bernhofer C, Black A, Blanken P D,
Cescatti A, Chen Y, Francois L, Gianelle D, Janssens I A, Jung M, Kato T, Kiely G, Liu D, Marcolla B, Montagnani L, Raschi A, Roupsard
O, Varlagin A, Wohlfahrt G. Global comparison of light use efficiency models for simulating terrestrial vegetation gross primary production based on
the LaThuile database. Agricultural and Forest Meteorology, 2014, 192(4) . 108-120.

T, WA, R, KRS, AT A, XIS, AR, o B A R TR AR A 25 R e R 14 4 A X B R I o AR o
FERE D 8 HiERFF, 2004, 34(S2) : 84-94.

Hansen M C, DeFries R S, Townshend J R G, Carroll M, Dimiceli C, Sohlberg R A. Global percent tree cover at a spatial resolution of 500
meters: First results of the MODIS vegetation continuous fields algorithm. Earth Interactions, 2003, 7(10) . 1-15.

http ; //www.ecologica.cn





