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Table 1 Comparisons of the predicted GPP by VPM model and observed GPP at flux sites
o i N S/ g Com™2a”! B /g Com e ik
i B4R HEBRGHRT A Z B4R By )
Pi oy GPPA.ps) OPPLi(i12) GPP L hps, K
1998 1418 1285 1171
H(,Wlénd Forest R 1520°N  68.74°W 1999 1430 1262 1227 [13]
(main tower) 2000 1514 1384 1102
2001 1506 1379 1253
1998 1191 1164 1298
Harvard Forest I I i i K 42.54°N 72.18°W 1999 1391 1369 1486 [12]
2000 1424 1392 1169
2001 1580 1561 1416
Xilinhot grassland 4P T REJH  43.55°N  116.68°E 2003 ~2005 604 642 [19]
2003 1173 1193
Changbaishan TR A AR 42.40°N  128.10°E 2004 1167 1183 [21]
2005 1017 1056
2003 1433 1312
Changbaishan MBI N 42.40°N  128.10°E 2004 1312 1189 [20]
2005 1490 1477
2003 1409 1625
INFE K F 602 637
Yucheng (@dxigzﬂ@ 36.95°N  116.60°F BAREKE 789 928 [22]
2004 2132 1746
INEEKZE 729 561
Tk K2 1171 1041
BT (alpine meadow site) 5 F€ 15 37.61°N  101.31°E 2004 789(4 H 12 H) 733 696 679
SD (alpine swamp site) eI ] 37.61°N 101.33°E 2004 509 466 477 459 [18]
GCT(alpine shrub site) =5 ZE7E M 37.67°N 101.33°E 2004 529 497 486 473
N 1999 ~2000 ** 465 468
Maun i v L J 5 19.92°8 23.56°F 5000~ 2001 110 253 -
2007 ~2008 1789 1759
Mongu R 15.4495  2325°E 50082009 1487 1422
A’Rou station 5 E 2 ) 38.03°N  100.45°E 2008 ~2009 853 872
Yingke station A (FE k) 38.85°N  100.42°E 2008 ~2009 1567 1264 [17]
2004 392 310
Tongyu cropland RH(EXK) 44.57°N 122.92°E 2005 504 464
2006 437 360
2004 292 252 [23]
Tongyu grassland FEY AN 44.59°N 122.52°E 2005 331 298
2006 291 258

# GPP , Fll GPP 9 FMAER" (1~12)"RE M1 A2 12 J 9 GPP WM ; +x F75 MODIS ¥4 JF 4 T 2000 4£ 2 JJ 26 H, ul s EHHE M

I H T i



4 1 R 4 . FR B A TS R G BB E 7 ) VPM G SR A A 5E 735
G X (pur = Prea) 3.1.3 T BWEIRE
EVI = (7)

(pur + (C, Xp,w = C, Xp.) + 1)
LSWI = (Puir = Povr) (8)
(Puir + Puir)

Ho, G=2.5,Cl=6, C2=7.5, L=1; p,.,
Preds Powe M o 23 F 7R TLL AN BE L 2005 Be . %
B B FN  J0E £1 A U8 B ) Hb S
3.1.2 RFEF PAR ¥#F

Tk B H A 2 R [ KRR G W s i 5% 1)
2006 ~2008 4% H ¥ (Z 8k A T ES%
b F s 2 2 il 55 W 2006 ~ 2008 A b [T i 55 8}
Hﬁﬁﬁ%) K ANUSPLINE S g5 84, 3

25 () 43 HE 3R R 90m ) DEM il 4% i 48 i i 1 A% 114
H#IEH%#%%%J 8 K. 75 [H] 4 HEZ S 500m [y -3
T A S A

FIH MODIS 1B $4fi 5 & MODIS 132 J S 56
At FDAL ] A7 ( BRDF model ) 228507 i, 3l 3 K
FR PGB ) A 4R POk )15 2 PAR %%
$2l 2k WPl HDF K4 50 7 f% % DailyDiffusePAR,
DailyDirectPAR #1 DailyRadiationPAR 3C {4, =5 [A] 43
BEA Tkm, BFE] 20 PE% 16 X, BT H 8 K&
) PAR (i BL S AR OB b o O B A R R
( DailyDiffusePAR) 55 B 4 & 4t b 19 0% & A 3% 5 4t
( DailyDirectP ARDaily ) Jiii 1 - 7 LA 815 % .

100°

WG AR
43"] Bk

W SR Ak
Fnt gt Ak

PR H
Bt

- b B A AR MR 2 D T 30m 7S ] 43 BE R 1Y) T
AT R IE Uem 3R B ™ S mt, w4
1:1000000 H [ A 85 B 0, 1: 1000000 H [ L My %%
P R T 2 SRR A 1 AR (T 1)

3.2 REEHKS EWIEETFIEBRRER

PRGN S R R R 2 S NS SN
LSWICLSWIL,, ), & LSWI,, i BUAY s [ 4 FH R 3%
{0 WV i1 b N LTI AE B i 7/ P S R A /N2
BE. X TZRRMAETRG, B LIRS R
Py A A IR NI, 4 B4R O AR YR LS,
Jo LSWIL,, H B R B T Z?ik%?ﬂﬁlﬂﬁ&{’ﬁ%f%
W7 A SCHR T R AN A . R R R Z R
MAEY ARG R L B id A& £ K2 EVI
RRAE (EVL,, ) e H B B e] ik 9 3158 &0

3.3 RESY
3.3.1 EBRHZKFERRAEEFAE ¢,

B ES RGBT e, (H H i B 58 115 ol 00
M2 1) ¥ A 2 ZR 5 32 e (Net Ecosystem Exchange,
Bk NEE) fl PAR B8 1528843 7 0 O T4l FAR
RS W R RTE AR S R G- B e, (8, G 8 A
B B E G (7~ 8 J1) 10 K 8 B dls K X

110°

2000km

BL e o 2
Fig. 1 The landcover map of China
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Table 2 g,( uwmol CO,/pumol PAR) calculated from Michaelis-Menten function of different sites
and EVI  values of the grids where these sites located
¥ 1 iR Ty i & L4 i ] g Rk BV,
DYK( Dayckou) ¥ G I bk 38.53°N 110.25°F 2008 0.0475 [3] 0.59
CW ( Changwu) 95 I B I b 35.25°N 107.68°F 2008 0.0326 [3] 0.53
MY ( Miyun) 95 I K 40.63°N 117.32°EF 2008 0.0543 [3] 0.59
CBS( Changbaishan) TR A bR 42.40°N 128.10°E 2004 0.0520 [20] 0.64
CBS( Changbaishan) A 42.40°N 128.10°F 2003 0.0660 [20] 0.72
CBS( Changbaishan) TR A bR 42.40°N 128.10°E 2005 0.0690 [20] 0.6
CBS( Changbaishan) TR A bR 42.40°N 128.10°E 2003 0.0450 [21] 0.72
GCT( alpine shrub site) 5 IEHE 37.67°N 101.33°E  2004.7~8 0.0015 [18] 0.45
SD (alpine swamp site ) LS 37.61°N 101.33°E  2004.7~8 A 0.0014 [18] 0.54
BT (alpine meadow site) T FER ) 37.61°N 101.31°E 2004.7~8 H 0.0016 [18] 0.52
NMG ( Neimenggu ) TR 2 T B R 43.55°N 116.68°E 2003.5~9 A 0.0167 [19] 0.29
NMG ( Neimenggu ) TR T F R 43.55°N 116.68°E 2004.5~9 H 0.0248 [19] 0.33
NMG ( Neimenggu ) JEL A e L g 43.55°N 116.68°E  2005.5~9 H 0.0054 [19] 0.3
YZ( Yuzhong) IR 2 g 35.95°N 104.13°E 2008 0.0249 [3] 0.23
DW ( East Ujimugin) T 45.56°N 117.00°E  2006.5~9 f 0.0299 [37] 0.34
DW ( East Ujimugin) I 2 45.56°N 117.00°E  2007.5~9 f 0.0226 [37] 0.34
DS ( Dongsu) i T i 44.08°N 113.57°E 2008 0.0141 [3] 0.32
NM ( Naiman) i g 2 42.93°N 120.70°E 2008 0.0182 [3] 0.51
7Y ( Zhangye) T 39.08°N 100.27°F 2008 0.0133 [3] 0.42
TYG( Tongyu Grass) JER AR T 44.57°N 122.92°E 2008 0.0392 [3] 0.49
TY ( Tongyu) AR b 1 25 g i 44.59°N 122.52°E  2005.7~9 Ji 0.0308 [23] 0.45
AR(A'rou) e L A 5 R 38.05°N 100.47°E 2008 0.0392 [3] 0.63
DX ( Damxung) P 9 25 fa) 30.42°N 91.08°E  2003.7~10 H  0.0244 [38] 0.33
DX ( Damxung) T 2 ) 30.85°N 91.08°E 2003 0.0270 [39] 0.21
DX ( Damxung) 25 98 4 30.85°N 91.08°EF 2004 0.0280 [39] 0.15
DX ( Damxung) e ) 30.85°N 91.08°F 2005 0.0240 [39] 0.17
DX ( Damxung) K (NE) 35.55°N 104.60°E 2008 0.0217 [3] 0.29
J7( Jinzhou) R (ER) 41.15°N 121.20°F 2008 0.0650 [3] 0.67
YK( Yingke) R (ER) 38.85°N 100.25°F 2008 0.0443 [3] 0.26
TYC( Tongyu Crop) A H (18] H 2%) 44.58°N 122.87°E 2008 0.0326 [3] 0.49
YC( Yucheng) INFE 36.95°N 116.6°E 2004 0.0760 [22] 0.47
YC( Yucheng) oK 36.95°N 116.6°E 2004 0.0920 [22] 0.81
TY (Tongyu) oK 44.57°N 122.92°E 2005.7-9 H 0.0467 [23] 0.47
* Je KOGREFI 2 £4( umol CO,/ pumol PAR) #4 5% A K X 75 2 40045 75 5 0.08
75 72 ( Michaelis-Menten function) +53. 5K 15 . y=0.011e 40 L
0.07 R?*=0.7129 .
a X PPFD x GEE
NEE = - RE (9)
a X PPFD + GEE 0.06 1
AKX, o SRR IOCRER R R 1 & 0.05 -
i (Hi25 PPED $3E F 0), PPFD oA ik T3 L s ]
e, GEE,. RiAH) LA REMASHIL, RE S 4
A = 0.03
RGN, Ho iy o (2 VPM BERIP RN &) fH
HIRGER] , o, 15 BVI, 17765 10 A 5 002 |
3 S, s o,
UL RBEIE N & 2 SCHR Pl g T £ A A 001 4
Fi Michaelis-Menten J5 2 $il & 19 i K ot 8 1 H % °
. ) N 0.00 . R —_——
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— EVIm-x
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Fig.2 The positive relationship of g, and EVI  _ with fitted equation
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Table 3 T, T, and T  value of different vegetation

types used in VPM model

H Bl Toin T T SCHR K TR
e g I AR 0 40 20 [13]
e E N 2 48 28 [14]
P I A -10 35 25 —
W i Ak -1 40 20 [12]
TR Hk 0 35 20 [20]
WA 0 35 20 [18]
R (Cy 1EY) 0 45 23 [22]
A (C; 1EY)) -3 42 16 [22]
i 6 21 17 [19]
o JE L 0 35 20 [18]
1 9E B i) 0 35 20 [18]

# ELR R ICHRH R K B VPM A BUTE I B bk B i B, R AR
SCHR T YR T A R LS

WY FRAE 2R AL BEA T AV T =3 507 IR
C TR B R IR TSRS SR (3R 3) o

4 LR

2006 ~ 2008 4 F& [5] fili #h 4= 5 R 48 GPP 2t 43
5k 4.96Pg C/a, 5.16Pg C/a fil 4. 87Pg C/a, V-1
4 5.0Pg C/a, FRAR, BoHb K H NSRS 3
OO Y GPP R & 4 B N 1.70Pg C/a,
0.83Pg C/a, 1.85Pg C/a 1 0.59Pg C/a, 43554
B 34% , 17% , 37% F1 12% (& 3) . 7EBF 5% i) Bt
W, MRS RS GPP B AR A,
LRiE ARG, S 1203g C/m*/a, 1 43 A 76 = 26
3 DX A 3 AT I MR 650 C/m*/as AR AR &
Zi 1) GPP SE-#{f 2y 1000g C/m*/a, Hirf—3hl . —
Sl A= B A 4 i R 543g C/m’/a, 1154

1400

g C/m*/a 1 1212g C/m*/a; ik N RS GPP
FIEEBAL, ICh 180g C/m*/a, Horh i 56 5 A
B ) 4 5 o 50¢ C/m’/a Fl 192¢ C/m*/a, FHAth
T () Bk 210g C/m*/a,

4 [ GPP 5 7R 1 1 165 1] 04 G P Jili 32 3 0
2 ks ey (181 4) , GPP i IX 2 T R f i
WIXEEEE . JARE . ERMA AR K
BIEAR AR M X, 33X 26 4 [X 52 i P P 2= KUY 52 ) i
s, KRIRPEFE A, A SRR S AL L) g bR
E, Mo R T EGE, GPP T 1000g C/m’/a,
FYOR AR X, 33X — by DX P A Bl 28 70 DL A /N2 -
HE KR EAH N F, GPP & T 500g C/m’/a;
e LAYE R bR, B R S bR S5 AR ARAE B 9 R
AN K I ATFE W X, GPP [y 400 ~
800g C/m’/a, GPP {8 X 3= % 4 p /6 74 b P il
P X Jm TR REME M, BEOKR A BE T
AR, GPP RS 100g C/m’/a,

5 SR

AR FE RSB VPM B X e 20 4R B T 0 &
10 474 356 T B i B b R B M A S R G REN
BT ZEF 5 280, 40l 22 BRI AR A A S — Fif o
Tk 1 7l 21 TR ] B s A Ry B AR S S B AT A
), 5 AR TR BV R (E -5 i KOG RE R T3 Z 11
R SR AF DM S IR AL 2 8 e, %5 [B] 4, DA MODIS i
732 JEROUR I 5 4 Ak B4 B 1) 2 [R] 43 B R 500m i [i]
EANRIPNOE €/ TR R SURIINY & €/ S F R
fE5E T 2006 ~ 2008 4 1 [ Bifi #b A= A R SE 1 GPP,
B AL Ak B 2006 ~ 2008 4F 3 [F il i 2k & R 48 GPP
M)A B & 4y Bl 4.96Pg C/a, 5.16Pg C/a i
4.87Pg C/a, EE M, FHbh ENFKHAESR
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Fig. 3  Estimations of total annual GPP amount and averaged annual GPP under different vegetation types of China from 2006 to 2008
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Fig. 4 Spatial distribution of means of annual GPP in Chinese terrestrial ecosystems between 2006 and 2008
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Fig. 5 Comparison of maximum light use efficiency of main terrestrial ecosystems in China derived from this study.
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ESTIMATION OF GROSS PRIMARY PRODUCTIVITY IN CHINESE
TERRESTRIAL ECOSYSTEMS BY USING VPM MODEL

Chen Jingqing(D ®" Yan Huimin® Wang Shaoqiang(D Gao Yanni” Huang Mei” Wang ]unbang@ Xiao Xiangming@

(Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101; (2 University of Chinese Academy of
Sciences , Beijing 100049; 3)Department of Microbiology and Plant Biology, Center for Spatial Analysis, University of Oklahoma, Norman, OK 73019, USA)

Abstract

Remote sensing model provides more real-time and more accurate simulation data for regional carbon flux
observing. Accurate simulation needs sufficient validations of every ecosystem at the ecosystem scale by using flux
observation data. More and more studies have shown that current gross primary productivity ( GPP) simulation still
has great uncertainty, for example, MODIS GPP product (MOD17) doesn’t take multiple cropping and C, plant as
separate vegetation types, therefore, the simulation results of such ecological zones have large underestimation.

VPM model has been developed based on MODIS data and flux observation data. After 10 years of effort, a
series of studies on model calibration and validation has been carried out in 21 sites covering ten types of typical
ecosystems throughout the world, including Haibei alpine shrub and alpine wetland, temperate semi-arid grasslands
of Inner Mongolia, the Changbai Mountain conifer, winter wheat-maize rotation cropland of Yucheng flux station
and Tongyu cropland (corn) station, which have shown good simulation capabilities and laid a scientific basis for
the estimation of regional GPP.

In this study, we build the VPM model for regional pattern evaluation of gross primary productivity in
terrestrial ecosystems. Then we estimate the spatial pattern and temporal variation of GPP in China during 2006 ~
2008 using MODIS data, rasterized temperature and photosynthetically active radiation ( PAR) data with a
resolution of 500m at 8-day intervals as input data. The total annual GPP of China’s terrestrial ecosystems is
5.0Pg C/a during the period of 2006 ~ 2008. Forests, grassland, cropland and shrub account for 34% , 17% ,
37% , and 12% , respectively. These vegetation types can be arranged by GPP values in descending order as
follows: evergreen broadleaf forest, deciduous broadleaf forest, mixed forest, triple-cropping cropland, double-
cropping cropland, single-cropping cropland, evergreen needleleaf forest, shrub, deciduous needleleaf forest,
grassland, alpine meadow and alpine grassland. The total annual GPP of China estimated in this study is close to
the average of estimation results of other remote sensing models (5.40Pg C/a). There are great discrepancies
among estimation results of various ecosystems by different light use efficiency models. In this study, remote sensing
data is used for the spatialization of the maximum light use efficiency in order to describe the spatial heterogeneity of
light use efficiency within the same land cover type. In this study, the land cover data is extracted from most
reliable land use and vegetation type data at present, and multiple cropping is input into the model as a separate

vegetation type, thus the accuracy of input data ensures the reliability of estimation results of VPM model.

Key words VPM, Gross Primary Productivity, maximum light use efficiency, MODIS



