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Comparison of remote sensing based GPP models
at an alpine meadow site
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Abstract: Development of remote sensing makes it possible to estimate Gross Primary Productivity (GPP) regionally. In recent
years, a lot of researches on GPP estimation based on remote sensing data were conducted. In this study, meteorological and
moderate-resolution imaging spectroradiometer (MODIS) data at A’rou (AR) freeze/thaw observation station, which is located
in upper stream of Heihe River Basin, was collected to drive four remote-sensing based GPP models: Vegetation Photosynthesis
Model (VPM), Temperature and Greenness model (TG), Vegetation Index model (VI) and Eddy Covariance-Light Use Efficiency
model (EC-LUE). GPP observed by Eddy Covariance (EC) was used to validate the results from the four models. It is indicated
that GPP, NEE and ER at AR station were 804.2 gC/m’/yr, 129.6 gC/m’/yr and 673.6 gC/m’/yr, respectively in 2009, indicating
that 83.8% of carbon fixed by photosynthesis was released to atmosphere by ecosystem respiration. All the four models can pre-
dict GPP of alpine meadow very well. Determination coefficient between observed GPP and predicted GPP was larger than 0.94
in 2009, and was larger than 0.84 during growing season.
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1 INTRODUCTION

GPP is sum of photosynthesis performed by vegetation canopy
at ecosystem scale, which is an important variable in carbon cycle
study. With the increasing of spatial and temperal resolutions of re-
mote sensing data, it is possible to monitor GPP over a large region.
In recent years, a lot of researches on GPP estimation based on
remote sensing data were conducted. Many remote sensing based
GPP models were developed, such as GLO-PEM (Prince, et al.,
1995), C-Fix (Veroustraete, et al., 2002), EC-LUE(Yuan, et al.,
2007), MODIS-PSN (Running, et al., 2000; Heinsch, et al., 2002),
VPM (Xiao, et al., 2004), TG (Sims, et al., 2008), and VI (Wu, et al.,
2010). Each of these models has its advantages and disadvantages.
Thus, model comparison is necessary, which can provide useful
information about model choosing.

Eddy Covariance (EC) can directly measure Net Ecosystem
Exchange (NEE) between ecosystem and atmosphere within the
source area. Combining NEE and in-situ meteorological data, GPP
can be estimated (Wohlfahrt, et al., 2005). Size of footprint is close
to spatial scale of remote sensing data, so GPP observed by EC is
widely used to validate remote sensing based GPP models. A lot

of flux observing nets were built in the world, such as AmeriFlux,
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CarboEurope, ChinaFlux, to observe flux of different ecosystem
and provide validation data to remote sensing based GPP models.

2 DATA AND METHOD
2.1 Study site

A’rou (AR) freeze/thaw observation station is located in the up-
per stream of Heihe River Basin (Fig. 1). Area around the site is flat
and has homogeneous surface cover type. Geographical coordinate
of the site is 100°27'52.9"E /38°02'39.8"N, and altitude of the site
is 3033 m. The observation variables included the following: wind
speed and direction (measured at heights of 2 m and 10 m), air tem-
perature and humidity (measured at heights of 2 m and 10 m), air
pressure, rainfall, the four components of radiation, soil temperature
and moisture profiles (measured at depths of 10 cm, 20 cm, 40 cm,
80 cm, 120 cm and 160 cm), and EC (measured at a height of
3.17 m) (Li, et al., 2008). Surface cover type is alpine meadow. The
height of the meadow is 20—30 cm in peak growing season. Yearly
average air temperature of the site is —0.3°C, and yearly rainfall is
451 mm in 2009. Plant growing season start from May and end in
September. Fig. 1 shows location of AR station, the background
image is TM data acquired in July 2010.

Foundation: National Basic Research Program(973 program) (No.2009CB421305); Knowledge Innovation Program of the Chinese Academy of Sciences
(No. KZCX2-EW-312); National High Technology Research and Development Program of China (863 program)
First author biography: WANG Xufeng (1984— ), male, Ph.D. candidate. He majors in ecology modeling and carbon cycle data assimilation and has

published 3 papers. E-mail: wxfgis2002@sina.com



752 Journal of Remote Sensing

# B/ 2012,16(4)

38° 20'N

38° 10'N

38° 0'N

100° 20'E

Fig. |

2.2 Meteorological and Eddy Covariance data

The raw high frequency (10 Hz) data of EC was processed to
produce half-hourly fluxes of CO,, water vapour and sensible heat
above canopy by using a post processing software of EdiRe (devel-
oped by Edinburgh University, UK). The processing steps included
coordinate rotation, time lag correction, frequency response cor-
rection and the Webb-Pearman-Leuning (WPL) correction (Zhang,
et al., 2010). Then, half-hourly flux values were excluded if sensor
variance was excessive, rain was falling, incomplete sample peri-
ods, or instrument malfunction. At night, the quality of flux data
is often not good because of weak turbulent mixing which has a
low friction velocity (u*). Thus nighttime (downward short wave
radiation <1 w/m’) half-hourly data flux values were excluded if
the friction velocity is lower than a threshold. The threshold was
set to 0.1m/s for AR station (Wang, et al., 2011; Zhu, et al., 2006;
Richardson&Hollinger, 2007). To obtain complete daily and annual
estimates of CO, exchange, data gaps were filled using following
method. Daytime missing NEE values were estimated with Michae-
lis—Menten equation (Eq. (1)). Nocturnal missing NEE values were
estimated from Van't Hoff function (Eq. (2)). For the gaps, which
Photosynthetically Active Radiation (PAR) and temperature data
were missing, were filled with the average value of the same time
in adjacent 10 days (Yan, et al., 2009).

NEE = S PARXGE g )
a xPAR+GEE,,
NEE e = Rog 10 % l(ﬂT—l())/m o

where NEE,;, is nocturnal NEE. R, is respiration rate at 10
degree Celsius, Q,,is the change in the rate of respiration with tem-
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perature. 7 is soil temperature, a is initial slope of the Hyperbola.
GEE,

max

is maximum gross ecosystem exchange. PAR is photosyn-
thetically active radiation, ER is ecosystem respiration.

GPP is sum of daytime NEE and ER (Eq. (3)). Nocturnal NEE
is usually considered as ER at night. The function between ER and
environmental factors (soil temperature, air temperature and so on)
can be established with NEE and environmental factors at night,
then using the function to calculate daytime ER with daytime ob-
served environmental factors. Combining daytime NEE and ER,
GPP can be estimated.

GPP = NEE + ER 3)

2.3 MODIS data

Moderate-Resolution Imaging Spectroradiometer (MODIS) is a
sensor onboard the Terra and Aqua which were launched by NASA.
One satellite can overpass the study site twice in one day. It has 36
bands; the first seven bands were designed for land surface vegeta-
tion study. MOD09A1 is MODIS reflectance product of the first
seven bands. The temporal resolution of MOD09A1 is 8 days and
spatial resolution is 500 m. MODI11A2 is MODIS Land Surface
Temperature (LST) product. Those two datasets were downloaded
from NASA website, and the LST and reflectance value of the pixel
which contain study site were extracted according to coordinate
of the site in 2009. EVI, NDVI and Land Surface Water Index
(LSWI) were calculated using extracted reflectance value of blue
band (459—479 nm), red band (620—670 nm), near infrared band
(841—=875 nm) and shortwave infrared band (1628—1652 nm)
with following equation (Eq. (4)—Eq. (6)).

EVI =2.5% (P~ P (P (6% Py = T.5%py ) +1)  (4)

NDVI=(p,;= pea)(Puic + Prea) (5)
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LSWI = (4 = Posic) /(Paic + Prsic) (6)
where pye, Press Puir ANAPg,; are reflectance of blue band,
red band, near infrared band and shortwave infrared band
respectively.

2.4 Remote Sensing based GPP model

2.4.1 VPM Model
Vegetation Photosynthesis Model (VPM) is developed by Xiao, et al.
(2004, 2005), and its equations are shown as below.

GPP =&, x f(T)x f(W)x f (P)x JAPAR,, x PAR ™
JAPAR,, = axEVI ®)
g _ (T _ Tmin )(T B Tl’nax)
rn= (=T, T -T,,)~(T-T,,) ©)
1+LSWI
- " 10
J) 1+ LSWI (10)

‘max

where fAPAR,, is the fraction of photosynthetically active radia-
tion and is estimated with EVI; PAR is photosynthetically active
radiation; ¢, is maximum light use efficiency. In this study, ¢, was
set to 1.6 gC/MJ APAR based on an analysis of PAR and GPP dur-
ing peak growing season (from the end of June to early July). A7),
SIW) and f{P) simulate impact of temperature, water and phenology
on GPP. T, T, and T,

max> 4 min opt

are maximum, minimum and optimum
photosynthesis temperature. When temperature is greater than 7,
or lower than 7,,, A7) is assigned 0. In this study, 7,

max’

T, are set
to 35C, 0°C respectively (Li, et al., 2006). The average air tem-
perature 12°C at July was used as T, (Wu, 2002). LSWI is Land
Surface Water Index. LSWI,,, is maximum LSWI during growing
season, and its value is 0.34 in this study (Xiao, et al., 2004, 2005).
For grassland, f(P) equals to 1 (Xiao, et al., 2004, 2005).
2.4.2 TG Model

Temperature and Greenness model (TG) model was developed
by Sims in 2008. Its equations are given as below.

GPP = mx ScaledEVI x ScaledLST (11)
ScaledEVI = EVI-0.1 (12)
ScaledLST = min[LSSOT ,(2.5-(0.05xLST)) (13)

when EVI lower than 0.1, set ScaledEVI=0. If LST lower than 0°C
or greater than 50°C, set ScaledLST =0. m is a scalar with unit
of gC/m*/8d. In this study m is calibrated with GPP data from the
end of June to early July and its value is 140.97 gC/m’/8d (Sims, et al.,
2008).
2.4.3 VI Model

Vegetation Index model (VI) was developed by Wu, et al. in
2010. Its equations are given as below.

GPP = ax EVIXEVIx PAR (14
where a is scalar which convert PAR to GPP. In this study a is
calibrated with GPP data from the end of June to early July and its
value is 2.38 gC/MJ (Wu, et al., 2010).

2.4.4 EC-LUE Model
EC-LUE(Eddy Covariance-Light Use Efficiency model)is
developed by Yuan, et al. in 2007. Its equations are given as below.

GPP = ¢, xmin(f(T), f(W))x fAPARx PAR (15)
FAPAR =1.24x NDVI—-0.168 (16)

LE
M sviE an

where ¢, and f{ T') are same with that in VPM. LE is Latent Heat
flux. HS is Sensible Heat flux (Yuan, et al., 2007, 2010).

3 RESULTS
3.1 Seasonal dynamics of carbon flux at AR station

Fig. 2 shows seasonal dynamics of GPP, NEE and ER at AR
station in 2009. GPP was close to zero during non-growing season.
It started to increase at middle April and reached peak value at end
of June and early July, then started to decrease and at middle Oc-
tober it was close to zero again. In non-growing season, all leaves
fell, so the GPP is close to zero. During growing season, GPP was
increasing with the increasing of Leaf Area Index (LAI). NEE had
two valleys during a year and was close to zero in winter. NEE
started to decrease in early March, and reached first valley at end
of April, then started to increase and reached peak value at end
of June and early July. The second NEE valley appeared in early
October, then NEE started to increase to about zero at middle No-
vember. ER has the same seasonal dynamics with GPP, but the phase
of ER was different from that of GPP. Increase of ER was earlier than
that of GPP and decrease of ER was later than that of GPP. During
2009, the maximum 8-day integrated value of GPP, NEE and ER
at AR station were 64 gC/m*/8d, 26.5 gC/m”/8d and 41.2 gC/m*/8d,
respectively. Year sum of GPP, NEE and ER were 804.2 gC/m’/yr,
129.6 gC/m*/yr and 673.6 gC/m’/yr, respectively. 83.8% of carbon
fixed by photosynthesis was released to atmosphere by ecosystem
respiration. Li estimated GPP of alpine meadow at Heibai station
was about 789.2 gC/m’/yr, which is close to GPP at AR station
(Li, et al., 2007). Alpine meadow had higher GPP compared
with other grassland ecosystem in north China. GPP of temper-
ate grassland ecosystem in Inner Mongolia is 603 gC/m’/yr
(Wu, et al., 2008). GPP of degrade grassland at Tongyu is 304 gC/m’/yr
(Wang, et al., 2010). GPP of grassland at Sanjiangyuan Region
of the Qinghai-Tibetan Plateau is about 480 gC/m*/yr (Wu,
et al., 2010).
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Fig. 2 Plot of GPP, NEE and RE at A’rou station in 2009

3.2 Relationship between GPP and model inputs

Fig. 3 shows seasonal dynamics of NDVI, EVI and LSWI at
AR station in 2009. NDVI was the greatest, and LSWI was the
lowest in the three vegetation indices. Vegetation indices had
the same seasonal trends with GPP. From Table 1, we can see
that determination coefficient between EVI and GPP was the
highest, but that between LSWI and GPP was lowest at whole
year. In winter of 2009, the abrupt change was caused by snow.
Snow has high reflectance at red band and high absorption rate



754 Journal of Remote Sensing  # &4k 2012, 16(4)

at shortwave band. Thus, the value of NDVI and LSWI changed
abruptly. This is one of the reasons that NDVI and LSWI had
lower determination coefficient with GPP compared with EVI.
Better correlation between GPP and EVI than NDVI was also re-
ported by other researchers (Huete, et al., 2002; Rahman, et al.,
2005; Xiao, et al., 2004; Wu, et al., 2010).
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Fig.3 Plot of NDVI, EVI and LSWI at A’rou station in 2009

Fig. 4 shows seasonal dynamics of average air temperature
(Ta_2m_avg) and MODIS LST product (LST_daytime) at AR sta-
tion in 2009. MODIS LST was higher than average air temperature.
Average air temperature reached its peak value in July, but MODIS
LST reached its peak value in May. Determination coefficient be-
tween GPP and average air temperature was far higher than that of
MODIS LST (Table 1).
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Fig. 4 Plot of mean air temperature and MODIS Land Surface

Temperature at A’rou station in 2009

Table 1 R’ between observed GPP and model inputs

PAR Ta_avg LST NDVI EVI LSWI HS LE

wYy 0.237 0.597 0294 0875 093 0.657 0.004 0.81

GS 0.0004 0.731  0.003 0.65 0.771 0.65 0.589 0.586

WY: Whole year; GS: Growing season (May to September)

Fig. 5 shows seasonal dynamics of PAR, HS and LE at AR sta-
tion in 2009. PAR and LE only had one peak during a year, but S

had two peaks. Both PAR and LE reached their peak values at the
end of June and early July. Determination coefficient between PAR
and GPP is low, and even close to 0 during growing season (Table 1).
Determination coefficient between LE and GPP in 2009 was higher
than that during growing season. Determination coefficient be-
tween HS and GPP in 2009 was close to 0, but that during growing
season was high (Table 1).
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Fig. 5 Plot of PAR, LE and HS at A’rou station in 2009

3.3 Comparison of predicted GPP

Fig. 6 shows seasonal dynamics of GPP observed by EC and
predicted by four models. All of the four models can simulate
GPP dynamics correctly at alpine meadow. In 2009, GPP observed
by EC was 804.2 gC/m’/yr, VPM, EC-LUE, VI and TG pre-
dicted GPP were 778.2 gC/m*/yr, 899.6 gC/m’/yr, 816.4 gC/m’/yr
and 848.8 gC/m’/yr. During growing season in 2009, GPP ob-
served by EC is 747gC/m’/yr, VPM, EC-LUE, VI and TG pre-
dicted GPP were 732.4 gC/m’/yr, 859.5 gC/m’/yr, 749.3 gC/m’/yr
and 780.8 gC/m’/yr. GPP predicted by VPM and VI model were
very close to the observed value of EC. The order of R square of
the four models is: VPM>VI>EC-LUE>TG (Fig. 7 and Table 2).
Determination coefficient values of the four models were greater
than 0.94 in 2009, and were greater than 0.84 during growing sea-
son. That means all of the four models had good performance at
AR station.
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Fig. 6 Plot of GPP observed by EC and GPP predicted by models at
A’rou station in 2009
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Table 2 Comparison between EC observed GPP and model predicted GPP

GPP_VPM GPP_EC-LUE GPP_TG GPP_VI GPP_EC
R 0.9571 0.9483 0.9408 0.9508 /
a 0.9474 1.0643 0.9751 1.0154 /
wY
b 0.3536 0.9489 1.4057 -0.0048 /
GPP 778.2 899.6 848.8 816.4 804.2
R 0.8944 0.8816 0.844 0.8822 /
a 0.8586 0.8362 0.8546 1.0638 /
o8 b 4.5496 11.745 7.1181 -2.2719 /
GPP 732.4 859.5 780.8 749.3 747

WY: Whole year; GS: Growing season (May to September)
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Fig. 7 Scatter plot of GPP observed by EC and GPP predicted
by models at A’rou station in whole 2009

4 DISCUSSIONS AND CONCLUSIONS

In this study, GPP of an alpine meadow site was estimated with
EC and remote sensing based models, and accuracy of these mod-
els was assessed.

EC can directly measure NEE between ecosystem and atmos-
phere, and is widely used to monitor temporal dynamic of carbon
flux and provides validation data to carbon flux modeling. Using
EC data to validate remote sensing based GPP model, uncertain-
ties from three aspects must be considered. (1) Due to environment
interrupt and equipment malfunction, there are errors in EC data, so
rigid post processing must be performance before using. To obtain
daily or yearly integrated GPP, Gaps in the data must be filled, this
will result errors to EC observed data. (2) The mismatch of spatial
scale will result in uncertainties. EC observe GPP over a footprint
whose size and shape changes with the observation height of EC,
wind speed and wind direction. However, GPP model simulate GPP
over a pixel which has regular shape. (3) GPP is estimated using
EC observed NEE and temperature data. The estimation method
neglect light respiration during daytime. The also result in uncer-
tainties.

Among the models’ inputs, vegetation indices had the highest
determination coefficient with observed GPP, followed by air tem-
perature, LE, HS, PAR and LST. Vegetation indices reflect the sta-
tus of vegetation, so they have high determination coefficients. Air
temperature affects photosynthesis and LE can reflect water condi-

tion of vegetation, so they also are highly correlated with GPP. HS
has two peaks during a year, but GPP only has one, so the determi-
nation coefficient is low in whole year; however, during growing
season, HS and GPP has the opposite trend and has relative high
determination coefficient. PAR and GPP has low determination
coefficient, which means light used for plant photosynthesis is ad-
equate. Low determination coefficient between MODIS LST and
GPP maybe resulted from two aspects: (1) MODIS LST is a mix
pixel which contains soil and vegetation, and ratio of each compo-
nent changes with growing of vegetation; (2) clouds and aerosol
impact on LST retrieval.

Inputs of VPM, EC-LUE and VI not only include meteoro-
logical data, but also include remote sensing data. EVI is use to
estimate GPP in VPM and VI, but NDVI is used in EC-LUE. EVI
is reported has better correlation with GPP than NDVI, this is a
reason that EC-LUE has lower R than VPM and VI at AR site. In
this study, HS and LE data used in EC-LUE model were from EC
observations, and there is an energy balance closure problem in EC
system, so using HS and LE observed by EC as inputs of EC-LUE
also result in uncertainties in GPP estimation. TG is an entirely
Remote Sensing based GPP model, it does not need any meteoro-
logical inputs. Its inputs include EVI and LST. LST retrial usually
is affected by clouds and aerosol, so it will result in uncertainties
in GPP estimation using TG model. VI and TG model have relative
simple form and need less input data. When predicting GPP over a
large region, TG and VI are suitable to be used and avoid the un-
certainties from grid meteorological data. Zhao, et al. (2006) used
different meteorological force data (NASA DAO, NCEP and EC-
MWEF) to drive MODIS-PSN and found that the result is obvious
different, that means there are great uncertainties in meteorological
force data in large scale. To simulate GPP at site scale using mete-
orological observations, VPM and EC-LUE are suitable, because
they have relative higher accuracy.

From this study, the following conclusion can be drawn:
(1) GPP, NEE and ER of AR station were: 804.2 gC/m*/yr,
129.6 gC/m*/yr and 673.6 gC/m’/yr respectively in 2009. 83.8%
of carbon fixed through photosynthesis was released to atmosphere
by ecosystem respiration; (2) All the four Remote Sensing base
GPP models can correctly simulate GPP at alpine meadow, and the
maximum determination coefficient value is 0.9571 (VPM model)
and minimum determination coefficient value is 0.9408 (TG mod-
el) during the whole year. During growing season, determination
coefficient values of the four models were higher than 0.84.
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W OE. ME R RS, E FISC I WS4 A = J1GPP(Gross Primary Productivity) 978 fb ik
I RE . ASTFGR IR T SEIAT AL 305 ) 222 VR RO 2 () G ORI B B FIMODISEidE , 3K4IVPM . TG, VIFIEC-LUE 4/M§i7
3R T Zuk S GPP, JFR IR SAH U (Y GPPUSIE TAHIAE SR, If LaR T iX AR BEORT B2, 25 Rk BTt
¥ 20094E 1Y IR SAH G LI () GPP . NEE(Net Ecosystem Exchange)FIER(Ecosystem Respiration)/37 27 : 804.2 gC/m*/yr.
129.6 gC/m*/yrfll 673.6 ¢C/m’/yr, %3 s YA VE R AR A 83.8%: it A= 45 AR G PR AE ARSI B R A p . BBk
I GPPAL AL REAS AR I M A4 = € R Y GPP, AR HIE REFE0.94L) I, A R ZMHIE REKT0.84,

KRR mFERM, BAIRAETT, JGRERITZRIE, MODIS, RGN R 5
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Wk I BE T o B AR h Al FRAIF 5 th— A~ OB 1y A2
o Pl IEREE TS PR R, B SR
MGPPIY AL AT g TR E N AT T R
HETEIRNGPPIEHEM Y, kR TRZE T EET
GPPfi 4% | 4GLO-PEM (PrinceflIGoward, 1995).
C-Fix (Veroustraete 4%, 2002). EC-LUE(Yuan 4%,
2007). MODIS-PSN(Running %%, 2000; Heinsch 4%,
2002), VPM(Xiao %, 2004). TG(Sims %, 2008).
VI(Wu 45, 2010)%, X SEREARIAR ARG REA] I3
W, GG BT AR A S B e S A G N
B AEASRERIGPP, BETAFPHEE, B
AP PREE BRI PR 5 RO R] X SEAE R 7 L
BT R R HR IS B L

R BH: 2011-08-01; f&ITHHA: 2012-01-01

TR B A DCE AR AT DL B I A 28 R G as 4 i
NEE(Net Ecosystem Exchange). il id NEEFI4# B
S8 AT DL H O 5 A GPP(Wohlfahrt 45,
2005), 17 FLi i 5 30 AH SCAR 5 1Y 2 — > STBR I X
(Footprint) N GPP, 7£%5 [A] RUEE I Fili Al 5 L 4%
T o BT Tz H R R Bk I T 2R R ) GPPAG AR
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SR RE T I PR — S B A R
(100° 27" 52.9" E,38° 02’ 39.8" N), MHKEEN
3033 m, FEEMIIAS A XA EE (2 mAT10 m)
SR K MU ER S RIERIm . R Koy
(10 cm, 20 cm, 40 cm, 80 cm, 120 cm#1160 cm)/fz+

100°

10’ N

38° 0'N

100° 20'E

100° 30'E

100° 30'E

HEHGE (S cmAN1S em); WBIAISC(3.17 m)(ZSHT 45,
2008), Y EERf), AE B R 20—30 em.
20094 RN - 0.3°C, 4EREF R N451 mm,
SH—9H AR 2, B L R A BTS2k A A 7
O3A, T EEAR N20104E7 A Oy TMEE S

100° 40'E

R

38° 20'N

’ g

10N

38°

38° 0'N

100° 40'E

IR CES Y bA A

2.2 H&MiRsh#iE

7 FEdire 54 5 Bl 22 346 2009 4F 4= 4F 4 904 B %k
PEEAT T 50 R (PR MR 20, B S AR )
AEBRTER: , WPLARLIE , MmN 1T iE (R & 4%,
2010), HIAIGRCFAT4RAT<1 w/m?) P TU*RC IR,
I FAEHL0.1 m/s(Zhu %, 2006; Richardson#il
Hollinger, 2007; Wang %, 2011), FEXFAbELS )
FORMIEAT T RCHE AR AN . AN SRR Sh BB , HIZ T
BASRLWE, fFHX, RIEMichaelis-MentenJ5
BER)) TR, 7ERE], M4 Van® t Hoff 5 %
GRQ#ATERN, MRS TR, HAazm Bk
SLTERE, ARSI 10K HpopH ] s 220 - I {EA

(Yan 4%, 2009).
_ axPARXGEE,,

NEE - (D
o x PAR+GEE
NEEnight =R % 1(07710)/10 2)

K, NEE, . eRKEESREWIFRE, R oe
1045 [QPEI AR RGEMIFI I, O, o7 M IR 4 B Uik
FER AR TRIE RN R . a2i Ok
BEFI K, PAR(Photosynthetically Active Radiation)
BB A BERS, GEE, JEi KNS AR R
i, ER(Ecosystem Respiration) &4 25 RGN i
WAENEEFER W] LIS GPP. — M B A 7]
WA S A NEESS T ER, R R ] NEE
SLER 5 PR IR (- SR R s SR B AR ) 22 R Y G
F, RIEHT DO AR IER, GPP/ENEESER
ZAE(3))-
GPP = NEE + ER 3

2.3 ERHIE
R BER Z O EUMODIS E 35 2 7TENASA &

By TerraflAquali i T2 L84 . RE—K
B, R & —K, MODISH:A4L 5364
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W B, AT PR O BRI . MO-
DO09A 1/2& MODISH] 7/ B R A8 KA AL B
PR, S SRR K500 mo MOD11A2Z8 Kb
FRBE =N, ALHE ORGSR 20 Y b R
FATANASAR WG ETF 3T iz, I8 T B
i ITAEAZR TC20094F (Y S 5 SR PN R IR BELS T, 1 1K
W Bt (459—479 nm), ZIBE(620—670 nm), ITLLHMIE
BE(841—875 nm)Fl%E I 2T AN B (1628—1652 nm)4-4>
P B0 B R A TR AR BT . AR s E
(R B FE A PG AR AR BLE V. 0 — b Bl a5k
ND VIR HK A8 ELSWI, 875 8 (4)—(6).
EVI=2.5%(py= P (P H(6X Py =7-5% Py ) +1) (4)

NDVI= (0= Prea) /(Pric + Prea) (5)

LSWI'= (p: = Powic) (P + Posi) (6)
S Poes Preas PSP R IR . £THEL
UTLT AN B A I 21 A Mg B 5%

2.4 ETFERMNGPPHEER

2.4.1 VPMER
VPM(Vegetation Photosynthesis Model)fi %Y J&
Xiao%F A(2004, 2005)% & (1) 5 T8 & GPPAL S
B, RBAF
GPP =¢,x f(T)x f(W)x f(P)x fAPAR, x PAR (7)
JAPAR,, = axEVI (8)
(I-7,)T-T,.)

f(T) B (T_Tmin)(T_Tmax)_(T_T:)pt)2 (9)
1+ LSWI
JSw)= T+ LSWI__ (10)

K, fAPAR . g2 56 12 i 2 R R G A A SR S
Wk b, IFEVIMEE . PARECHARIRY, &l
I OGRERI A, AWFFE ARSI AR A R I A PAR
MGPPHY ST, K H B A 1.6 gC/MT APAR, f(T).
SOV AP HJEREE . KA FGERAS X YCRERI
HORBIFENAPREL e Tan T PN T o 0 BRI TGS A H]
M /NG 25 SR . M TN T T, i,
S (D=0, AW v i FEF ) 1) fe o Rl e/ ML EE AR SC
BRI RE M35°C, 0°C(Li 45, 2007), H7H G
Pt A RO RIS IR T, (O 12°C({hE
1€, 2002), LSWLZRliHb/K 4650, LSWI,, st sk
KBLSWIRE KA, EAMFZHE 40.34(Xiao 55,
2004, 2005), X} FE M, 7EVPMA R fif(P)ik
J1(Xiao 4, 2004, 2005; Wu %, 2008),

242 TGHER
TG(Temperature and Greenness model )= 7! Sims
S5 N(2008) K e Yk T A GPPAE AR, ik
I
GPP =mx ScaledEVI x ScaledLST (11)
ScaledEVI = EVI-0.1 (12)

ScaledLST = min %,(2.5 —(0.05xLST))| (13)

K, EVIYH BRI, HEVINTO0. 1],
ScaledEVI=0; LSTHHIREIE, LST/NFOCH KT
50CHT, ScaledLST=0; mi2i% 2%, FHEM oL
RUFIAEL (BTG TSR], A5 16 A el
THHIMGPPEME . EVIEUEMLSTEME , Kim{EbrE
}1140.97 gC/m’/8d.,
2.4.3 VIR
VI(Vegetation Index model)#HIZEWuss A (2010)
KRR T I R GPPA B A, 2 AL 4 s vy
BB E A ARSI GPP, kT
GPP = ax EVIxEVIx PAR (14)
Kb, EVUEESRAEPIEEL, PAREICH A SRS,
AR AL, B SR IREE S AT A
[, TP RA6A K. 7THPINGPP. EVIFIPAR
B, KaftibrE #2.38 gC/MI,
2.44 EC-LUE
EC-LUE(Eddy Covariance-Light Use Efficiency
model)J& Yuan A (2007) 42 H} 1 — I T B GPP
R (Yuan %5, 2007, 2010), HFEAXWF .
GPP =g, xmin( f(T), f(W))x fAPARx PAR (15)

fAPAR =1.24x NDVI-0.168 (16)
LE

W) = 17

T = s v e (a7

{P, &, ADMVPMERI PR —FE, LERIA, HS
s

3 45 R
31 FREBERNEEHE

P12 2 28 3 4 4 I BT 22 36 2009 4E 2 4R Y GPP
NEEFIER., MEIHAILIE i, ARERKFEGPPAER /),
L OfE; 7E4 A R IR, 6 H K7 A #Iik 3]
Weff, F107 ha) s N OfHRNE . fEIRAE K,
Bomr i v, SeaERIRGE, Br2IGPPAR/N, I
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THARKRFEGSH—I)BEE 3, 1w B 3
fn, GPPmt&THiE . ERMIGPPRYZE LA —3L, (H
S HIF IR IG A B B (4] 22 5L T GPPIF IR G By B[]
[63] £1) O BRF LT A9 At 1) 222 165 T G PP 1] 1] OfiE BFFIT Fr st i)
NEE—FNAWNAE, &RNEETEOEME, 34
FRERWN, B4k B/ MEJE N, SRS TE
6 HIRTA WA BNE(E , ZJ5 PR, 2110 H#)
IRBIEE2AAME, RIETFRIG N, 7E11 7 Ay lE 3o
(BRI, FZ23520094EGPP . NEEFIER KA 5 M
64 gC/m’/8d., 26.5 gC/m’/8d#141.2 gC/m*/8d; GPP. NEE
HMIERMAE ZFHE> 51 0804.2 gC/m’fyr, 129.6 gC/m’/yr
#1673.6 gC/m’/yr, ER5 T GPPI¥83.8%., Li%E A(2007)1E
AU PR SR A R FE L) (I GPPL 4 789.2 gChmlyr,
SRR TR B R, SN E A SRS
FHEL, SRR B RE BAE T . SE T TR B
fGPPE603 gC/m’/yr (Wu Z&, 2008), WG
GPPZ) /9304 gC/m’/yr (Wang 4, 2010), =TI AT 5
HYGPP 1480 gC/m’/yr (= f118 %, 2010),

F2 RSB 2255 20094EGPP, NEEFERMIZETiA8(k,
3.2 GPPEREEMANEFHXER

&3 220094E 1 2 55ND VI, EVIFILSWIHY ZE45
A, TEEUE ENDVIR K, HIK/EEVI, LSWI{H
/o X3S ECET R A6 ] IR T AWk BIIE(E
AR S GPP A S — 3. Witk TE %05 GPP
B HE R BN . EVISNDVI>LSWI(#1), NDVIAI
LSWIFE20094 4 K Y 5748 ik ph T4 26 1 35 7 5 i il
(1, 57 RT DG B Bk i ) S, TR SR LAk
WBABREW, BT LINDVIZEZ M BESESR AR /N
LSWIZESRIE A, X2 FEAATT S5 GPP Y H i R %Y
RTFEVIRHZ —. FEAEKZEGEH—9/)NDVIH
LSWI5GPPIYHIE RECIEH L, HEME B

R TEVL, 250 & L EVLE GPPRYAH L2
H-FNDVI(Huete 4, 2002; Xiao 5%, 2004; Rah-
man 4%, 2005; Wu 4§, 2010).

—o—NDVI

E3 BIZ2ui20094 AME B X (ND VI, EVIFILSWI)

El 45 7R T 0520094 #2425 S EE Ta_2m
avg FMIMODIS R BEi 21 i MR IR BELST daytime.,
MOIDS i) b 2 1 B BH B i3 TP 3 2 ORE . P
SR 5 GPPZ IR A E R ACE = TMODIS R i
FE 5GPPIMHIE REL, FeAlEEAERKZEEERD., K4
FEI2F] LU P34 25 S0 B i A8 b e 45 5 GPP Y A2
flaSA i — S 2 FMODIS bR IR FE

35 ¢

——Ta 2m_avg
—0—LST daytime

Il
A A
N QQ"’(\' U
N N

H i
K4 Ta 2m_avgMLST daytime

A A A\ A\ A\
\Q’ Q\'\; Q”’?’ Q‘;\, ,\f'\,
NUSEEEN SN

KISSHPAR ., HSMILER)ZETI 875, BIZEut A PAR
S hde, ERFPARE B TARA K, WfH T
FE6 IS . THHI. PARSGPPRYHIE REAR/N, FE5I
RAEAERTFEGA—IA) LT AEGERD), ARERAE X
Wl ROLIRTE R, GRS 2 BRI B A K i e 32
BEPRT o TR At L il 2 (E T BRAE 6 H UG
THB), i e X 2k, (R i BEAE4 A
10H o Pl 5 GPPAAREF YA SCHE . o
TEAE K25 GPPA B AR PR (R 1) o
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&1 GPPEREREFHFIERHKR

PAR Ta_avg LST NDVI EVI LSWI HS LE
A 0.237 0.597 0.294 0.875 0.93 0.657 0.004 0.81
KR 0.0004 0.731 0.003 0.65 0.771 0.65 0.589 0.586

K5 BZE5520094E ) PAR . HSHILE

3.3 RIUGPPERzNEXMHEGPPHIXTEL

P16 548 (1) GPP 5 18 2l AH UL 4 382 /¥ GPP (1)
XFEE o MAZ P AT LA H 3k 4R R AT LAAR - i A 400
B 2 b 1 GPP Y ZE 1T Bh A5 o 20094F 15 ol AH & UL /1Y
GPP }804.2 gC/m’/yr, VPM., EC-LUE. VIHITGH)
B SE 5 5 2 778.2 gC/m*/yr. 899.6 gC/m’/yr.
816.4 gC/m’/yrFi848.8 gC/m’/yr, 200944 K Z= iR BhAH
KWL ) GPP 747 gC/m’/yr, VPM. EC-LUE. VIHI
TGHIRAILE B0 5 732.4 gC/milyr. 859.5 gC/m’/yr.
749.3 gC/m’/yrf1780.8 gC/m*/yr, VPMAIVIL R[]
LA GPP AR B i M AE K i B SR H 2 ik 3
FHOCHRINAE o A5E40L 45 S 5 3% 3l AH O UL ) GPP 1 4]
EZRECN: VPM>VI>EC-LUE>TG(E7M#2). Fr
A BRI AR HE BB TAERKFENHE R, If

HARLE0.94L) ., 15 IH 3% 4/ A5 AU HRAR 4f- b i % T
GPPHYZET1 454k .

80F _ gpp_EC
70¢ CPPVI
— CPPTTG |
=600 GPPVPM A/
£50 GPP_EC-LUE /|
a0 7
<30
520"
10F
0 L
-10 ‘
\(\:\ Q’ ,\;\, (,9,
Q%\ QO)Q O,Q QO’Q
H 4
16 B335 20004F 18 B HH VLI F GPP A
FERIFEI ) GPP

80r o GPP_VPM
+ GPP_EG_LUE
70 o GPP_TG

+ GPP_VI v o°
——Linear fit of GPP_VPM v . / %
60F — Linear fit of GPP_EC-LUE  _ p

Linear fit of GPP_TGﬁ o
50+ Linear fit of GPP_VI & / 3
o < oy
&
40 s

ys
301 v V;/
g 87
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20

HEHIFRN (4 G PP/ (gC/m*/8d)

v
Yl;l
[¢]
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GPP_EG/(gC/m*/8d)

K7 sl AH SN Y GP PS5 ALY GPP 14 5 ]

R2 RHBENNGPPESHEEFNGPPHLLR(RZHIE RZEL. «Mp2LME TR RINE )

GPP_VPM GPP_EC-LUE GPP_TG GPP_VI GPP_EC
R 0.9571 0.9483 0.9408 0.9508 /
o a 0.9474 1.0643 0.9751 1.0154 /
A

b 0.3536 0.9489 1.4057 —-0.0048 /

GPP 778.2 899.6 848.8 816.4 804.2
R 0.8944 0.8816 0.844 0.8822 /
e a 0.8586 0.8362 0.8546 1.0638 /
b 4.5496 11.745 7.1181 -2.2719 /

GPP 7324 859.5 780.8 749.3 747
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4 hssie
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TSI SN 22 56 ] DL B e s AR S R AR
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TN P i i e 0TI SRR T A B 1 P 2
PLUR U7 A o

(D TR TS s, 20 i e b 5%
BRI A% B R S AL FRA R, I HLAF 0Bk
BORRIEA TR, X SO AL B R AT S5 A IR B A
DRI 8 Ferfy e — LEAHf P

(2)725 B RUBE B AN DG L2 45 1153 45 5 1 56 UE Ay ok
— R BN S 10 Bl DU (7 ffk il A2 1Y) S
Hb 2R — 2 TTKUE DX aE e, 1T X A DR X R
NI AR 2 i 2 ORI S 1 7 B L R A R ] 25
WrAAE A i, i A 7 AR A R SR TR R T
AT

Q)RS LI R () JENEE , T GPPHIERHS & FE I
RN B SRS Rl i3 N = MR B < P = i 5
RIS IR AN (R Y NEEFE ST A= 45 Z2 G g AR 2
[E Y PREOC R, ARJE X — R AN FH B R
KEGWFI b, AR —E MR o B I AR B R
AP A BTG S VG ER,  HL KA Y RAEAE, 1
ARV ZEN

TERIRY G A G, 3R 455 5 GPP Y HI &
FER, HUORPERAE I, PO Bk,
PARFILST 5 I A 5 W0 I 4% 5 5 G PP Y AH G
NG AR B AR BT LA AR B A KORAS, BRI
GPPEAR S B HIE A SR A AL S
ER, IR DL BB B K R, LB S
GPPUL AR R M HIE R AL, IR 5 GPP
AR R —3, miTEAE KR A5 GPPRYAE ik
EHWIGFA S, I DATEAE K 2R AR GPP YA 8 Y
FIE RZAL . PARSGPPEAIR/INWHIE B, XE£H
izl FOGIR TR, ML AR B 52 2GR Y
il %0k S MODISHILST ™ it 5 GPPARYHI E R B0
AN, FEGRRPA TR R (1)MODIS X
FITR A A% T HAE Bl AR = B4 Lb 3] 5 A 1 2 K D
AT, (A5 Hh 3R b B H R GPP Y AR 1L
BT T A3 ) s MBS T MODIS

LST/ i, ik T —EiR2E,

AWFFT LB 4RI VPM . EC-LUERIVIAR
R A BCE R A5G S LI L AR S s,
ALHG T I 3 SRR A5 A A AR ACE s . VPMAE LA
VIERIER R TEVERTTFR.GPP, MEC-LUEXR 1Y
JENDVI, JEidRISCHI T, EVISGPPRYFE G Z
TNDVI, iX/EEC-LUEMRERURE BEAIL T3 A Y (1)
JRHZ— . A5 TR EC-LUEB R 1K 43
TEFEEVE TN AR AR AR 1 S Bl AH S B
111 368 B AH DG A7 BE f AN P 5 A RD R, SO g i 4
FNEHEIRA — 2 iR, T A EC-LUERA!
Wk T —E MR, TCRIRE—> 58 42 FH i B A
PRI GPPHGREF FH R, B AEIEEVI
FILST. METERZERP AT LIE N, LSTSGPPRYAH
RAETEARARSS, W] A TGl UL ()38 B 5 GPP
HYAHSCPE, X2 T B TG ARG B AR A — > F 2 it
o WEBEELSTHAZ 2= . SIS A, oy
T —E MM, VIFITGEIAETE 2 AN R,
S BORN ABAIEAI 5D T KRR E I GPPAY
T HRAR AR S SN, T L AT s G IS A R
KA ENE . Zhao%: A (2006)73 I JFINASA DAO
NCEPFECMWEF 1A 53 1 55 £ ZiMODIS-PSN
FERUAAG B AERAIGPP, & PSS AT i 22 5%
(Zhao %, 2006), VPMMIEC-LUEM® & 164 &5 %
PG R XS TR, B A R

WRIFST, ARSAFRILATEES: (1)FZ205200941
IRSIFIEIEMIAYGPP . NEEFIERSI A . 804.2 gChnt/yr,
129.6 gC/m’/yrFil 673.6 gC/m’/yr, Zuk G4 I
JE B 83.8%i o) A A8 RGP IAE RS 3 TR
S5 (2)VPM, EC-LUE., VIAITGHEIRIYREAR -
HEAD m FEFL ) I GPP A= 15 A8 Ak, 4R i KFE R %K
$70.9571(VPMAEL) 5 /NAI 7 R E0H0.9408 (TG
R, AR ARG RECEY N 2E R HE R
AR ILAEAIR T0.84,
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