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Abstract; Gross primary productivity (GPP) is the fundament of all ecological services that ecosystems can provide, and
its change will influence the sustainable development of regional socio-economic and ecological security. Based on the
ecosystem process model CEVSA2, this study applied the Moderate Resolution Imaging Spectroradiometer ( MODIS )
satellite remote sensing data to construct a new version of the remote sensing data-driven model, CEVSA-RS. The relative
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E@WAE : B E AW H (2016YFC0500203) 5t EIRL=BE 14 A R BUR = VLI E KA P A T £ WL (YHZX-2020-07) 5 E5
AR A RS FIH (31971507)

Y5 B H#A:2021-04-13; 1T H#3:2021-08-23

# W IHAEH Corresponding author. E-mail ; jhwang@ igsnrr.ac.cn

http ://www.ecologica.cn



7086 JAE = 41 4

productivity were analyzed based on CEVSA-RS, and the impacts of human activities were determined in terms of both the
magnitude and trends of potential gross primary productivity ( GPP. ) driven by climate and actual gross primary
productivity (GPP ) driven by climate and remote sensing. According to the national average, potential GPP (1016.36 ¢C
ma™") was slightly higher than actual GPP (962.85 ¢C m™a™") from 2000 to 2017. However, there is an obviously spatial
disparity ; the actual GPP is higher than the potential GPP in forested vegetation cover areas such as most of the south of the
Yangtze River, the east of the Qinling and Taithang Mountains, and the east of the Daxinganling and Changbai Mountain
areas. Meanwhile, the actual GPP is lower than the potential GPP in areas such as grassland and shrubland over western
China. The GPP of whole Chinese terrestrial ecosystems showed a significant increasing trend (P <0.05), and the
increasing speed of actual GPP (46.04 gC m10a™") exceeded that of potential GPP (41.46 ¢C m10a™") , which meant
human activities positively contributed to the most area in South China and North China Plain, while negatively impacted
the ecosystems in eastern Inner Mongolia, northern Northeast Plains and western Tibetan Plateau. The areas where the
impacts of human activities are greater than the impacts of climate chang accounted for 53% of the total land area in China.
Considering negative impacts of human activities in the western China, as an area of fragile eco—environment, there is a
long way to protect its ecosystems while to develop grassland—based husbandry through determining livestock stocking rate

according forage production.

Key Words: terrestrial ecosystem; gross primary productivity; human activities; climate change; CEVSA-RS
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Fig.1 Spatial distribution of the vegetation classification, the climate zonalization, the meteorological stations and the carbon flux

observation sites in China
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Fig.3 Spatial distribution of the multi-year averaged gross primary productivity driven by the only climate ( GPP, ), the climate and

remote sensing ( GPP;s) and dominated by the human activities (GPP,;, ) from 2000 to 2017 in China
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Fig.4 The spatial distribution of the inter-annual trends and their significant level respectively for the GPP.; and the GPPyq of Chinese

terrestrial ecosystem in the period from 2000 to 2017
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Fig.7 Spatial distribution of the impact of human activities on interannual GPP trends expressed as the difference between actual and

potential GPP trends (AK) (left) and the mean statistics of AK for forest, grassland and agricultural land for each climate region ( right)
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J PR VA P B AR A B , AR S 1 AN A S B GPP R R 3 7 1A VU A ol v L
THE SR T Bl Ae R AR RS T B3 20 Geit DUAS U X AR AR e i A A K (%) 3948,
ZEXPEIILE 100 LA, IXUEHALE 0.05 AR E MR, =MHEPEE LR GPP SR (LI o AT £ 5,

4 RS

4.1 itie

Gl A= 25 R G A 77 TSR T2 HE 2%, S35 GPP TR LA TRAS I o SRR 0 07 v R 2%
P R TRVECHR IR B2 23 HE o S48 25 S 30 GPP AR B AAS K RE E ( o  2E 25 R 48 GPP — LA A [ N AMIF 55
POl g 2 Fis , NFEBFSE S 1 894 E GPP 7E 5.00—9.76 PgC/a Z ], i AWF 58 AL B GPP,, hy 7.21
PgC/a GPP } 6.83 PeC/a, 5EHMIFREE AL, R PP AT PE , ABF5E 5 MODIS o GPP i Ji
FEAn (MYD17A2H) #E47 T XFEL, &3 MYD17A2H Af DU#RBE N St 4 A LA @i GPP 2745 4816 AY 59% |
82% 1 72% , ; RWF5E GPP 1 GPP ) AHXT I (1452 HH 5 R EUS 5l 58% (62%) \94% (92%) \72% (57%) , 5%
ST SR B TR A — B0k, W CEVSA-RS R EA #iY ml SEd:

®2 TREEMGITHPESEY GPP

Table 2 Estimation of GPP in different terrestrial models over china

" NN - SNSRI G|
BB & ESE F) YPEE fvera e annual gross
Model name Study period Spatial resolution rage Bros®

primary productivity /( PgC/a)

FOL A -2 LA R

Vegetation Photosynthesis Model-Evaporative Fraction 20032009 5 km 5.481%

MODIS .EC-LUE 2000—2009 10 km 5.47.6.04%]
MODIS TEC .BESS 2000—2015 5 km/0.5°/0.5° 5.97.7.03 .6.42[4)
MOD17 2000—2010 1 km 5.09041

MOD17 2000—2014 1 km 5.5304]

EC-LUE 2000—2009 0.5°x0.6° 5.38[4]

EC-LUE 2008—2009 1 km 5.5504]

TL-LUE \MTE 2007—2011 0.5° 7.17.7.47'%]
TL-LUE( GPP-MCD15 ,GPP-GLASS .GPP- GlobMap) 2003—2017 0.5°/1 km/0.5° 6.60.7.46 ,6.3914
VPM 2006—2008 0.5° 5.00047)

MTE 1982—2015 0.1° 6.62 + 0.2304)
ZJGIA 5 Multiple regression 2001—2010 1 km 7.51[%1

SVR 2000—2015 0.25° 7.811%0]

MTE 1982—2010 0.5° 6.35+0.18"
DLM FLUXCOM GPP 1980—2013 0.5° 5.56.6.53[%
TBMs .MTE 1981—2010 0.5° 7.4+1.8 7%
HoBEPPAL % Geographical assessment schemes \MTE 2001—2011 10 km/0.5° 7.78 \6.06[54]
CABLE ,CLM4 LPJ ,ORCHIDEE \VEGAS 1982—2010 0.5° 7.9755) (L[ :6.14—9.76)
The study ZRHF5Y 2000—2017 0.1° 7.21.6.83

VPM ; Hi#EA M Vegetation Photosynthesis Model ; EC-LUE . i B 22 -G AEFI FHZCR Y Eddy Covariance-Light Use Efficiency ; TEC ; i
A= 25 RGeS A Terrestrial Ecosystem Carbon flux model; BESS ; PRI UHLER RGALIULE Breathing Earth System Simulator; TL-LUE 3
FFSCRIER] Two-leaf light use efficiency model; MTE . RIS 5 A 771 Model Tree Ensemble approach; SVR: A ACENS Support Vector
Regresstion; DLM ; 5+ 7 Dynamic land model; TBMs . [ifi Hb A 4 [ M 7Y ( 247 42 5 -5 ) Terrestrial Biosphere Model ( multi-model
ensemble mean) ; CABLE : BRIFRI22 5 TR 4141 (M) KRR 5L W B - HiscHe CSIRO Atmosphere and Biosphere Land Exchange; CLM4 . ifi T i
AR5 Community Land Model version 4; LPJ; LPJ 4BRAE#% 3125455 %) Lund-Potsdam-Jena Dynamic Global Vegetation Model ; ORCHIDEE ; 3754 2%
FRGH LR FNZK SC Organizing Carbon and Hydrology In Dynamic EcosystEms; VEGAS : K -HEBHE A 120 Vegetation Global Atmosphere Soil

JAGABIEGE LATR] — A LUAS [ 98 Sl 408 A TR, S B 1 (ol P ] — A5 R o 5 Ao A A A 05 sl
M %) A e T PR A 2R A S [ T B8 5 B R e N Pk, AR GPP | GPP (A OGS 4, DA
GPP WM S ERS B Pt S vy (HIRIETT G BUEAS B | (A5 B R B 5 SR W AT AN [] , 9 1 CEVSA-RS H i
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BRI ATE I BETE R THBREA AT . I AR B N0 1 AT R 2 i M 2 285 R G G A 9 11 Bk
0%, AT B — 25 B GPP AALRN Jr 3k, B OLIN 3l psi | 12 5 oA P e ek 2 i b 22 28 R 58 GPP Al F IR 1
ETE

JHE AR AR AN ARG Bsg i), — B AR A KW B 22 82— i A S A e R T A 1
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YR RS MR AL A B 3 B A TR A XN sl sg i R R B, A R R BRUEL A X i A 30
T, S AR A 7 ) SR EIK ST, AE AR B 2870 D7 T, AR A R R TR O () K e AR E T AR
MRAE RS Ko R AP A8 R0 1k 7 A i 55 ™ B R AR A B 52 AR Y GPP 2 S 25 5 i ka3, Rt A
J50 B x4 A5 1l X AR R R BN BUR AR HE 20 . H 1999 4F [H R R HF A MR A SR MR Y5 H
DI, TR | SRS AR o8 PS5 TR 194) Sl A AR T R TR S 084 o, DR SRR A DG DR 47 45 B ) B o, AR A
WHE ARG T HRMAESRGENIRE 51, 55 /\IR 2 FRpss 5% 2275 A (2009—2013 4F) , 55—
PR A ARG, TR E A TARRAF I A 1 2,13 A%, N TAREBUEK 729 5 4%, LT 06 AR W .Y
I B AREAE ) | S5 A 5T FRAE A 2 A BT — 7 22 XX GPP 3 K i R d b ) 235 SR A — 3

B A e S AR AR BEA ST O AR AT K R 3 B SR S8 T SR AR YT A A i
JE TR R A 2 NI sl i AR R AR R A 5T & B 2000—2013 4R N JETE Bl 2 B 1 7
o DR M B 32 5 DR AR BT HRCR Y (B 5 3k 84.6% , M L 1990—1999 4F A 287 2 3 S48 7= s i) T R
1.9% 38 INE] 28.5% ; 2 HEE Y BF 58 & B 1999—2015 4F A 2830 s N 52 s iR AL Y STk RN 87.8% ; % =
75 45 O IR NS B 2 R 0 SR A AR B RNAE Ak A DAL X A A 9 & B P S 29 B B0
g AR A R G NPP b B TR (5 E F 1982—2000 419 1.78% LT+ 2000—2015 4F 1) 15.22% , ABFFTIN
T AR e S DX Tl Rl DRI Y 2R KUK ) S A 38 R G AR 7= T 8 Ak, A T ARG S, i TR
FERBEIN, b b A= i S 2 AT, B R Ak ™ i 2 s B AR AT, T B0 7 T R 5 A R ) R b A IX S i
TG UKD TRA L ARPOAED O RIR B R AP SE A S ORI R B TR B T B AR SR AP A
B AR AT A TR A HOTR A, AT BE S BOE ™ I A IR AR WA R RUIX B T
R LR35 b DX R SR e b R A PR T B SCHE T DR AR e L g ol VR A A | R N TR R R
B AR AR AR AT S 1L PR A 2R A B — 2R B R A ke 2 0 T o ARk A A
17254k, UL URBH TR EARTL  PH b | T R s i A b AT R St M A A O TR DA GR O R AR SR
Jiti, Yok /U I 55 b IX kg NI 3l T 10, 10 4 B S5 3t 0 AR R A B ol T RS 0 % AR AT T RS L IR
H I &R

F LBk 4 2 11 S5 I S B S T A F AR S R G AR 7= A A fa #4  TRkm 2 BF 98 AR 2001—
2010 A A A S R G0 NPP 52 AN JETE SR MK 5 =) R A 3@ o X . 1990—2000 4F- 5 2000—2005 5
A T B AR I A PO | 5 BRAR T A SR AR AR A 15 26 - e ] AR Ak 5 OBk bt A 7= 7055 5 28 o0 45T T
7% K P 2000—2005 AEAUFE B HFAH R (GFGP) F“ 3B HFHA W 1% (RCTL) f 4= 20K &2 181 (ERP) 3 i
By A 7= S5 A 132.67x10* t/a,2005—2008 4K GFGP 3 i 14V A= 7= F1 i 2k 29 i 70% , A= 7= F1 4t 2k
FEEPHMAAI T TRARE TR X, SAMREER 8, — RINMR PRI TR R a8 55 T 4 F AR
A A: 77 07, e R AR KBl Bty 22 KUK T 7 e Do S AR 30X K i J ol , N R i sl e AR - x4
FH A A 2 R A 5 2 RO I T 50
42 5B

ASCLL CEVSA BN LR 3 1o o 30 2 SBT3 8% LAL Ry ERA 0 A 7= A, & B T CEVSA-RS BRI
3 3 1 BRI i AT OCFE LSBT AN EK B R B TETE GPP RIS i B AL R BR 3l T I SE GPP AL, 7E
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