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Abstract; Long-term, series gross primary production ( GPP) data are important in carbon cycle research. The MOD17
algorithm, which is based on the radiation conversion efficiency concept of Monteith, has been used widely for estimating
GPP. However, MODIS17 only provides the global GPP since 2000 due to the short time series of the MODIS leaf area
index (LAI) product ( MODIS15). LAI plays an important role in calculating the fraction of photosynthetically active
radiation absorbed by plants, and errors in LAI products will be propagated to GPP estimates. Three global LAI products are
available; MODIS15, improved-MODIS15, and Global Inventory Modeling and Mapping Studies ( GIMMAS) LAI3g. The
improved-MODIS15 LAI product is more realistic and smoother than the MODISIS5 because it uses quality control

information and an integrated two-step method. The GIMMAS LAI3g is a new 30-year time series global LAI product
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(1981—2011). In this study, we compared the global GPP estimates during 2000—2010 by using the MODIS GPP
algorithm based on the three global LAI products. The global GPP estimates based on GIMMAS LAI3g, MODIS1S5, and

improved-MODIS15 are referred to as GPP GPP o5, and GPP, o5, respectively. We also compared remote

LA 2
sensing-based GPP estimates with eddy covariance (EC) flux tower-measured GPP. The representative EC flux towers were
selected by considering major typical plant functional types. We also analyzed spatio-temporal patterns and their correlations
with the three GPP estimates as well as the MODIS17 product. The results showed the following. (1) The overall accuracy
of the four global GPP estimates may be ranked as GPPy,,,> GPP, ., > GPP . > GPP, .. (2) The four GPP

estimates had high seasonal dynamic consistency. The estimated GPP values were closer to the flux tower-measured GPP in

summer and winter than in spring and autumn. The accuracy of GPP .. was consistent for all seasons; GPP,,,, was more

LAIg

accurate than GPP . for all seasons except for winter. (3) GPP overestimated GPP for areas with moderate GPP

LAI3g
values, i.e., the global total GPP value estimated by GPP |, was approximately (117+1.5) Pg C/a, which was higher
than GPP,,, and GPP, '\ 5. (4) The annual GPP values estimated by GPP,, were positively correlated with those by

GPP and approximately 63.29% of the global vegetated area had a significant correlation (P < 0.05). The

impro_MODI15 »
GPP,,;, values were positively correlated with GPP ., < in regions with low LAI uncertainty. Approximately 40.61% of the
global vegetated area was significantly correlated with GPP,;, and GPP ;. There were also several negatively correlated
areas, which may have been related to uncertainties and errors in the LAI and meteorological data. Based on our

comparison, we conclude that GIMMS LAI3g is an effective product for GPP simulation at the global scale, and thus, the
30-year long-term GPP series estimated using the GIMMS LAI3g and MODIS GPP algorithms are reasonably acceptable.

Key Words: GIMMS LAI3g; Gross Primary Productivity ( GPP); Improved-MODIS15 LAI; MODIS15 LAI; MODIS
GPP Algorithm

A BRBRAE PR BB A BRAZ AR ST b 0 SR Rt T L AT LA 28 5% JR A0 I AU i BOR ) s 4 R 2
S RERERIR AT ST (GPP ) T8 AE YA A B [ P ' A 7 P OSOR BR B 7= 2B A HLA I S 2
SERAESHEAIE PR E B N, KAL) GPP WA [ F2 W AE , A A v W ISORR o PR b i
@ﬁiFﬁWHW“Ji?ﬁ%ﬁAﬁﬂ%%@%§W@tmﬁiﬁ%%ﬁ A AR 2 Y A A0 A
PRI DT JGREA AR v i e A RO R4S U EE T LAL, J5 & R 5 ARAMOE 2 e
ﬁcmiﬁ%ﬂﬁ%%ﬁﬁ BRSBTS RERIE TS R G ) M = R F AR % )
B2 YT H A MODIS ( Moderate resolution Imaging Spectroradiometer ) GPP 72 f " HUAEHE 3L 1 2000
A2 A (R BOHE ELAT A — R (KA BE [a] 8> il GIMMS ( Global Inventory Modeling and Mapping Studies )
LAI3g ™" RS HAIE T 2 30 4R Ay G BB , IF9T GPP ;S HE LAT P2 BT 23k GPP 7ER 25 4 fii
A SIR] A BT A AN R A Y A kAR 7

A ek RN H KA B H o0 ( European Centre for Medium-Range Weather Forecasts, ECMWF ) [
FHT R, FT GIMMS LAI3g, MODIS15( MODIS LAI 75 ) LA & Improved-MODIS15 3% 3 Ff LAI = 5 503,
W@wmﬁaw&ﬂk TAER GPP RYMSE, I 6 A e A T 5 ) 20 3 B o, 76 T RUEE B

iX 3 Ff GPP il MODIS17A2 GPP = s B AT Bk, S04t 173X 4 Ff GPP 7ERE 25 53 Aii LAY S+ [, WA GIMMS
LA3g {531 GPP #H LA oM LA A5 4855 1

1 HERBESHRTE

1.1 %8s
111 A BRim L) ) 4%
SR = WL X 2% FLUXNET( http ;: //fluxnet.ornl. gov/) K FH i *H?éﬁj‘ SIAR 3 2 W I it A S R B
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5RA 8] CO,, /K FBE B 28 #1174k I I 45 B AT EL 2848 45 43 A 7E KU ( CarboEurope ) , 35 Uil
( AmeriFlux £ Fluxnet-Canada) , WHH ( AsiaFlux 1 ChinaFLUX ) &% #b [X_ 4% #8 33 500 A~ n] £ R 20 00 00 A 3 2
Mo R T REAR AT LI A AR DR 22, Gk HE R R T BN S (Rl i LGB AN 3 SR X 3145 1
BT PR S REAS HRAIL 4 AR B T AR B SRR, BERR L E D —AF 90% LA LI 2 INE B 45 AR R
GOMR BB, LA SEEARE RS IR B RE R T . e AR T AR 6 FEBL D BESR AL 2 M AT R B 20
A A 95 AUl AR EE (Table 1) o X863k 8 F 2040 TAbEEk, Hid 13 Aol fi 0 Tl s X, 7 4
Ul AT T T ARARIX

F1 MRS HER
Table 1 Descriptions of the study sites

52l Ul 1D ZHEE(°N) ZPE(°E) FiFE/m ER7 st ety vl AR
Number Site ID Latitude Longitude Elevation Biome Type Climate Zone Site-Years
1 CA-Cal 49.867 -125.334 313 NEF Temperate 2001-08°
2 CA-Ca2 49.871 -125.291 170 NEF Temperate 2007-10
3 CA-Ca3 49.535 -124.900 153 NEF Temperate 2003-07
4 DE-Tha 50.964 13.567 380 NEF Temperate 2001-05
5 US-Hol 45.204 -68.740 72 NEF Temperate 2003-04
6 CN-Qia 26.741 115.058 86 NEF Temperate 2003-04,2006-07
7 CA-Ojp 53.916 -104.692 518 NEF Boreal 2007-10
8 CA-Obs 53.987 -105.118 598 NEF Boreal 2001-05
9 CA-NS1 55.879 -98.484 253 NDF Boreal 2002-06
10 FI-Hyy 61.847 24.295 185 NDF Boreal 2005-08
11 FR-Pue 43.741 3.596 270 BEF Temperate 2004-09
12 IT-Cpz 41.705 12.376 9 BEF Temperate 2006-09
13 IT-Col 41.849 13.588 1645 BDF Temperate 2004-07
14 US-MOz 38.744 -92.200 212 BDF Temperate 2004-08
15 CA-Oas 53.629 -106.198 580 BDF Boreal 2001-05
16 DK-Sor 55.487 11.646 40 BDF Boreal 2003-05,2008-09
17 CA-Mer 45.409 -75.519 65 BDS Temperate 2004-07
18 US-Ivo 68.487 —-155.748 557 BDS Boreal 2002-06
19 AT-Neu 47.116 11.320 970 GRA Temperate 2002-07
20 IE-Dri 51.987 -8.752 187 GRA Temperate 2002-06

a ¥l i ID )N FLUXNET i, b AEW2ER 3 &x 5T IHAR (NEF) | %% &1 AR (NDF) |, 5 4¢1 1Hbk ( BEF) |, % - i@ 4k ( BDF) | 9% - i 9 R
(BDF) , AN HiHL(GRA) , ¢ Al A Pk B9 AE (Y, Note: a The site ID is taken from FLUXNET. b Biome types: needleleaf evergreen forest
(NEF) , needleleaf deciduous forest (NDF) , broadleaf evergreen forest ( BEF) , broadleaf deciduous forest ( BDF) , broadleaf deciduous shrub ( BDS),

and grassland ( GRA).c The selected years of each site. The number in parentheses is the representative year for analyzing

1.1.2 GPP ¥tk

MODSI17 J226 [F 52 K £ K 2% ffi Ff MODIS GPP % 3T MODISIS L M2 NASA 19 %k R 16 %8 ( Data
Assimilation Office, DAO) FRAMT M 7= dh >0 TH A H o B8 M http . //www. ntsg. umt. edu 52 5% 3R HL, $243t
2000 4E % 2013 4E, 23 [6) 43 HE%0h 1 A B4 Bk GPP/NPP $idis .+ Hb % 55431 ) MODIS12Q1, H1 T MODIS17
B A= W) @ 1 A 48 3% ( Biome Properties Lookup Table, BPLUT) fii | UMD ( University of Maryland ) 4328 /5
21 s B UMD $od g, s s B ECMWE S 250308 , 048 2.5°%2.5° (1 F 2 1fi K B 48 5, VPD
( Vapor pressure deficit) A 2 K< 2,

GIMMS LAI3g 7= fh i GIMMS NDVI3g #fE 45 1) | GIMMS NDVI3g % d 2 3¢ [ [ 5 i 25 fiit K ey 3 T
NOAA TLA [ AVHRR £ T 2013 4 11 A KA B 5oB S ERAR TR BUE (L5 |, Reis$e 41t 1981 47 A =
2011 4% 12 A M %0E, MODIS15A2 P¥2 = hzs [l r 3R 0 | A B, 78R E F i A — 4 2 45
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(Quality Control,QC) 5. N TIHER =, 21 vk T3 8 5 LA B ASE PR BUAS A 5 1 Pl 2 250 LAT B 7E I 28
FBOARNEG A —FEE R Yuan 20120 fofi At %) W st 23 1) JE U ( modified Temporal Spatial Filter, mTSF) 25 &
TS AE LA S QC AR O BT A A (B AR 7 B S0, SR 5 TR I RE Aty B0 ] SG U8 ( Savitzky —Golay filter ) 75 3]
Improved-MODSI15 7 iy , G 5 (R AH L MODIS15 7ERF S %S —3
1.2 GPP RIS A
AR T ) MODIS GPP 45 12 3 4 GPP 55 4 4 W WAL 1) D' A 5 A0 i T 10 48k O 2 B0
EVARS S 31 (1 N
GPP =¢,, xf(T,..) xf(VPD) x APAR (1)
APAR = SWRad x 0.45 x (1 - &™) (2)
K, GPP Ry WAL 7 B oC m ™2 s e, NICKOIGRERI I, B0 R kg C/MJ; APAR A B R A1
JCE ARG MJ m™ s IR 45% YA S RLIE AR S5 (SWRad ) FI B2 Y D' 5 A A0CHR 5 L RO SAR,
RS LI S TR B Beer s T LALSK Yk S 5e 2GR, — MR 0.55 (1) H Y f(VPD) A A(T,,.) 53
R ZEVREZE A 2m AT IEH 5

vppy = VPPu = VPD \

f( ) - VPDmax - VPDmin ( )
min Tmin_miu

f(Ty) = @

KA, VPD,, AT, o S BIURTE A R SCR e K ) H B RZE VR 22 (°C) M H e R (°C) , VPD,, Fl
T i min 72 EAVEHN 0 B /NP 22 (Pa) AR/ VAR (°C) |, X S S E AR S BPLUT & rh i Bk IA
1.3 Stk

FE T FRRY BEET AR, A £ 11 A7 A5 , 8 FH 2 1 1m0 051 %) A (L S50 20 B A OT AR, K 4R A di
i FH 3x3 150 s 0 B AR S — 3] 0.0833°%0.0833° B /M HER . Kbl At 15 XoF o 3631 B BE 7 v 8 21 4%
PEIENAA3HT , R REMS FAE AR A [ A R5R . Pearson A1 Z 40 FH A AR S 20 A p b 7 1% 2R 5L AR Sk
A3, R 0.05 (9 5 B MK AR S . LR A PEE I OCE S0 22 9 40 B & 0L, S {E Taylor skill * 31
KUWTF .

Bias = »," (P, = 0,)/n (5)
] n —
RMSE:JZ_ ,(Pi=0,)°/0 (6)
n L=
S=2x(1+R)/ (o, +1/0,,)’ (7)

A, PN O FRBHIMEFLIIE, O Zm MIER- PRI, R FRLIEMAREREL, o, R BHIME bR IERE
I (LR E 22 Y LE

2 HR5ITR

2.1 XS

T FHERAE [B1H 3B LA T 44~ il a5 GP P ASHE A [ 3 S 15 08 DU 5040 1) — SRR RR B (B 1) o GPPyoy5
GPP 15, GPP_ vonis VAL GPP o, IX PUTH GPPHY A 32 AL IX 1] 73351 J2: : 0.414—1.588 ,0.35— 1.26 ,0.373—
1.322 DA J% 0.101—1.178 , #11 R* fAE L IX ] & :0.39— 0.91,0.43—0.83 ,0.53—0.82 LA &% 0.06—0.82, fEV% M
BEREAR R SRR AR 5 R ORI | GPP o, FIRPRERR T GPPp FGPP, vons » 36 HVER I E5 IR 1Y
4 F' GPP M AUREBIRLT , GPP o, FUAIERIL ] 0.978 , R735 0.91,GPP, ,p, AL 0.877 ,R*H 0.82,, fl
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B GPP LAI3g
A GPP_MODI17

GPP_MODI15
® GPP_impro_MODI15

CA-CA1 CA-CA LAI3g y=0.74x +36 R*=0.55 RMSE=6.9

CA-CA3 DE-Tha MOD17;1 =0.66x +23 R?=0.63 RMSE=6.0[~

ES-ESI US-Hol MODI5 ¢ = 0.65x + 24 R*=0.53 RMSE=6.4
CN-Qia impro y :.0.69.);+ 36 R?=§.57 RMSE=6.5

—— GPP_LAI3g —— GPP_MODI5
—— GPP_MODI7 —— GPP_impro MODI5
_ 2 — =
d CAOjp LABE y=088r+56 R°=082 RMSE =38

MOD17 y=0.98x+0.7 R?=0.91 RMSE=2.8
MODI15 y=0.71x+ 10 R*?=0.82 RMSE =43
impro y=0.88x +2.8 R*>=0.82 RMSE =4.0

CA-Obs

400

i GPP Simulated GPP/(g C-m™>month™")

¢ FR-Pue
IT-Cpz

LAI3g y=0.85x +21 R*=
MODI17 y=0.95x +21 R’

/43 RMSE =5.1
.54 RMSE =4.9

d IT-Col US-Moz LAI3g »=0.53x +33 R22: 0.63 RMSE=8.5

= CA-Qas DK-Sor MOD17 y=0.54x +22 = 0.81 RMSE=7.6
MODI5 y = 0.46x + 48 R*= 0.59 RMSE=8.9

impro y = 0.5x + 33 R2=0.53 RMSE = 9.4

400

e CA-Mer LAI3g y=1.26x+15R>=0.83 RMSE =6.2
US-Ivo MODI17 y=1.59x+ 6.7 R*=0.90 RMSE=7.9
MODI15 y=0.69x + 12 R>=0.75 RMSE=3.9
impro y=1.2x+ 13 R*=0.82 RMSE=5.6

| | 1 |

LAI3g y=0.35x+ 17 R?>=0.60 RMSE=10
MODI17 y=0.414x + 38 R>=0.38 RMSE=9.6
MODI15y=0.101x + 28 R>=0.06 RMSE=14
improy = 0.373x + 18 R?>=0.62 RMSE=10

Fig.1

biome types

(a) HEEF MK needleleaf evergreen forest ( NEF) 5 (b) 7& M4 AK needleleaf deciduous forest (NDF) ; (¢) % & IH#K broadleaf evergreen forest
(BEF) 5 (d) J& M FE AR broadleaf deciduous forest ( BDF) ; (&) &M @M K broadleaf deciduous shrub ( BDS) ; (f) %L} grassland (GRA)

200 300 400

300 400

WM GPP Observed GPP/(g C-m™-month™)

B 1

GPP s13., GPPyiopis s GPPr, vopis Tl GPPyop,; 518 EWMIMETE R E EH X B B LL 8
Comparison of the observed and estimated GPP from GPPy,;,, GPPyopis; GPPiyp mopis and GPPyqpy, for different
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SRR I 22 12 b, BAUE T 1 GPP o, AR A 0.414, R A 0.59, 1 GPP,, #PR A 0.35, R* &
0.59, Sjostrom 45700 HEE 12 A3k SR , 2B 10 /8 Bl R0 Ry BT 1 JEORT 55 05 A5 Y e, 5 T MOD17A2
YR A IR R E, b 6 NS e, A Y T2 4R POt (B W P A%, 580 MODIS17 E@iﬂzfﬂtﬁﬁfifﬂ
1o AN, MODIS15A2 Hr b Bt [ 45 0% 7 2t v RE R BUE Y R M A R th A BRI e s 768 SR ET AR
FHF& It - HE AN IR GPP s, HE GPP o, FHHBCRFELF (0 R /N T GPPyqy,,, RMSE KT GPP 5,
Turner' " 55 & B MODIS GPP il [i] T 78I A= 7= 7 A3 s S Ay . 3K 38 %5 J2&: R MODIS GPP A5 Hh iy A 144
Bl R (456 A AR S e, )l T MODIS GPP B0 (R 30 [ B3 A7 70 G R T S5 O A0 14 16 48, 3 T A1
i A IRyl i BT LATE I R AR NG GPP i 23 Al REAIEH] 1,588, RPMLAEILF] 0.9, GPP 0, 15
SRS LY e i B R VR =Y [P {02 YR E S = N D= e S iy 7 N o o N o v o N S O S D k= N
Heuli sl A o GPP Ly, 5 GPP L vopis TESEAE SR AT BAREAHIE . BV [, X DUFP GPP 1 GPPyq,,
(4 [ RCR BB TT GPP Ly, FI1 GPP L ons PUERCRAR Y GPP s B2
2.2 GPP W= A28k 43 Bt
2.2.1 GPP 4EBRAELITHF

PRUA A6 1 LAT B8 A7 AL BB 4 BOTIE B R DL A3 HER G — o A vt R A — 2 (R T 33 LTIk s oy LS 1
GPP RERAERASE T, ()2 5T 4 i GPP 2R EERBAEXT LA BT BRI AG TTACR . N3 2, GPP 5,
KA (117£1.5)PgC/a, F MODIS17 FIfEHEE K GPP, s WK 21 (98+2) PgC/a, H GPP .y, /1N e Zhao M 53 HrF
T MODIS GPP AERIXF 3 Ffr A 45cH0 1 o 1oy R | 2 905 ) 6 SRR B Tl P o0 ( NCEP ) R i oo Al 3=
TET K PR SR O BRSSO A K PR 22, ECMWE A5 B85 V1 R A ey L JHG 3 T DK P16 S5 78 AV il XTI
DAO S G B WA B A0 X P AP g e =2 18], 5 Z AR R A 358 GPP HY, GPP o % 151, GPP e 1K, T GPP
WA T3X W% 2 6], Improved-MODIS15 J&7E MODIS15 &Rl okt T LAT (B ) HoAb 4 7 3RSl | HA
4BR GPP (K21 (107£1.5)PgC/a) 5 GPPp,( KZJ(107.51.5)Pg C/a) H24, KT 48k GPP SHMHTS
KREZINH GPP KZH 120 Pg C/a V2 FTLVEEIK I GPP . [UAE2BR GPP BEHEHETIZE

£2 2000 E 2010 ££3Kk GPP R1{E
Table 2 Global GPP from 2000—2010

FA3/Year GPPLAIBg( Pg C/a) GPPMODH( Pg C/a) GPPyonis(Pg C/a) GPPimpr(LMODIS( Pg C/a)
2000 118.481 109.098 100.244 108.422
2001 117.967 107.099 97.981 107.811
2002 116.644 106.216 97.625 106.123
2003 116.015 107.113 97.365 107.230
2004 116.986 108.262 98.044 107.731
2005 117.990 105.974 99.342 107.636
2006 116.514 107.482 97.343 107.084
2007 115.753 107.246 96.751 106.766
2008 115.464 107.011 96.561 104.870
2009 116.814 107.167 97.333 107.418
2010 118.740 107.366 97.681 107.056

222 GPP Z=45ARb 0 Hr
FRAREA 7 AT, Taylor skill 24 1 B BIAETTHE GPP Hisk f T , (2 PR & R OR B o Mg 15 2R
RERYHEIE 1, K 4 Fh GPP #2845 HAAL R, JF B MR R/NES], &l 2,4 Fl GPP xfEé
8 H By A ZE 12—2 H AR B AR R, Je 22 2Rk ZE 9—11 H AR ; GPP,p, 1 Taylor skill B T FkZR4MH:
BT LI BB AR AR BLAE T, BRI GPP o, THEAR, THEN 0.5, GPP, . vopis Fl GPP g5 Y 4 /l\%'éw
R BORAN2E LA, GPP, L yonis TEAZE BIRAF (HZ AR HE 3 Ff GPP IO ZE5 730 BOE I ; GPP o TE
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A ANZETT EIIETE 0.63+0.05, 1 HLAH 45 2210 14 £33 GPPyupro w015 GPPyiop17
BRI EO 2 GPP ., BB TR BB R 1 T OFPobss 2 GP e
FZ3—5 A, MODIS GPP fARIGR B AU I AK &% Wineter |- — - T}k
KBTI R = sh s s JMH. 4 # GPP K B X Summer

R LEAMERETIA, EF, DZERZEK, 4% Wineter |- — [

MOD15 iR b B /D BRH E M, GPP MR e lf; &K Wineter |-
K Z I AR I GPP B SUR A i #X Spring |- — - Ik

FBIFE TS R KRG, AR K Wineer —] ] k=
ISR BT | L S e T 2 R B e, ey R Summer - — -] b

R DR RS O TR G R b TRk s PR Seine I
RS (R O BT B R Ay ey e e L o[ |

‘ . . ummer (- e B R
D I
Heinsch "' Y45 5t R 0 GPP,, 16 H 7 | 5k gk

wera | [T
SR T B TR 2 " L - ]

‘ FHX Spring *—‘ “ | b_‘
2.2.3 GPP 4E¥HEZS [R50 A0 X Ee K Fall |- x [ [

B 2000 % 2010 4EWIA(E BT 4 B GPP B 75 &= S Fall L — 1 ]
BRRBEE L4304, AniEl 3,4 FpoAAR T #5A FH R A9 2 (8] 43 K Fall |
A1, A1) GPP 858 A 43 A1 A 0 Hy 3 Yt 45 {E s LA T R TR
K 2R B T L IX. 33 Sl 0 R B el A5 M X Taylor skill
HORELD) FLAT Rt Je e AR . I 9 3 DX o 25 119 2 4 Fh GPP ZEH &4k EREZ3 Taylor skill (S) HE&HE,
PP { RGN T 2203 A AR LTSI, A mogemr mapirms (40) 0t (B , i 22) , 58 (7
BRI IX Y GPP B AE 400—1200gC * m™' + ) B ARESE(Z )

a” ' Z[E] XS BR GPP 234 LL B4 5] I X, FLIZ M [X  Fig.2 Boxplots of Taylor skill (S) for monthly GPP by models
B 5 B 4 Bk GPP e i A ML T, N[ i fE J-, and seasons across evergreen forests, Panels show the
PP o FEA S A 7 1 0 L 5 6 0 34 X i interquartile range (box) , mean (square) , median ( solid line) ,
T CPPL o B 4y i AR 3 T range ( whiskers) , and outliers ( cross)

GPP 5, 7E 1155 GPP R b IX 1A (B AR X 52 8, T2 b

BRI A DX AL B 4 FhAER GPP 1 GPP s IR, GPP o, F GPP s I, GPP o s BRI

it FH G RE R FH FR BT 11O RUBE 83 AR A A= 7 0 (B 75 2225 B R P A e P, SRS B e 1 R
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