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Evaluation of the applicability of remote sensing GPP models in four typical

ecosystems in the arid zone of Central Asia
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Abstract: Gross primary productivity ( GPP) is an important component of the global ecosystem carbon cycle and has a
significant impact on global climate change. Accurate estimation of GPP helps to understand the carbon cycle processes in
atmospheric and terrestrial ecosystems. a variety of remote sensing models are available to simulate GPP, but few studies
have assessed the applicability of remote sensing GPP models for arid and semi-arid regions, and semi-arid ecosystems
dominate the trend and inter-annual variability in the land CO, sink, it is important to compare the applicability of different
remote sensing models in the arid zone of Central Asia to advance the estimation of carbon balance in the global arid zone. In
this study, the data from four ground stations observed based on the eddy covariance technique are used as validation data to
verify the simulation accuracy of five models, MOD17, VODCA2, VPM, TG, and SANIRv. The four ground stations are
China Fukang Desert Ecological Observation and Research Station (CN-Fuk) , China Ulan-Usu Oasis Farmland Ecology and
Agrometeorological Experiment Station ( CN-Wul) , Kazakhstan Desert Ecological Observatory (KZ-Ara), and Kazakhstan
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Lake Balkhash Grassland Ecological Observatory ( KZ-Bal). The remote sensing model is mainly driven by moderate-
resolution imaging spectroradiometer ( Modis) remote sensing data and ERAS5-land meteorological reanalysis data. The
results indicated that; (1) MOD17 and VPM models based on light energy utilization theory simulated the highest accuracy
of GPP in Aral Sea and Fukang desert vegetation ( R* 0.52 and 0.80, respectively), but there was more obvious
underestimation ( RE >20% ) in simulating the productivity of grassland and farmland ecosystems. The remote sensing
models based on vegetation index, TG model, SANIRv model, simulating Grassland ecosystem of Lake Balkhash and
farmland ecosystem of Ulan-Usu had the highest accuracy (R”0.91 and 0.81, respectively) , and the relative error between
simulated and measured values was low. The microwave-based VODCA2 model simulated the productivity of each ecosystem
with the worst effect, also the VODCA2 model performs the worst in tracking the seasonal dynamics of GPP in four
ecosystems, and the other four remote sensing models show excellent performance. (2) Water deficit was the main factor
limiting vegetation GPP, so whether water stress is reasonably considered is an important factor affecting the applicability of
GPP models in the arid zone of Central Asia. This study initially reveals the application potential of remote sensing GPP
models in the arid zone of Central Asia, which can help to advance the accurate estimation of global vegetation carbon

fluxes.

Key Words: gross primary productivity; light use efficiency model; vegetation index model; eddy covariance; Central

Asian arid zone
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Table 1 Basic information on flux data

R AAFR B it Bt i [ 43 B B A U
Site name Data period Time resolution Data source
JRE Y (KZ-Ara) 2012 45 —9 H 30 min EC YL
ELREuE (CN-Fuk) 20052006 4 5—10 A 30d pUTE
ELIRIE AT 3 ( KZ-Bal ) 2012 4 5—9 H 30 min EC Wi
52 59535 (CN-Wul) 20092010 4F 30 min EC WL

EC IR 722 Eddy covariance
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Table 2 Remote sensing models key parameters

; " " VPM A . " " VPM fifd
S AR TCHUE(m)  SANIRVEER(e) VT S TCHB(n)  SANIRVER()
Site name TG Model SANIRy Model oo Site name TG Model SANIRv Model e
VPM model VPM model
JFE (KZ-Ara) 136 9 1.911 EL IR WS 1135 ( KZ-Bal ) 470 31 1.911
ELHE ( CN-Fuk ) 137 8 1.911 1322 (5556 (CN-Wul) 152 12 1.911

TG . IR 5%¢ % Temperature and greenness; VPM : H B AV HIRR Y Vegetation photosynthesis model

VPM #H S ROGREFI R &, IIREHR T f5 A B S AT C3 1 C4 HEY) 2 47, 2800 A MR YE FLUXNET
B3l BB & kRGP MR C3 F1 C4 B e, 4RI 1.911 ¢C MJT 1 2.86 ¢C M), ZRHFSY
FRRIF S DX BT R ST 52 DX P DO A~ B A 2 AR 5 T o I s A R, A K AR B R 4R C3 A, DU LA
ARG EFIE A C3 A4, T DU~ s B KOG RER SR B 2 R 1.911 ¢C MJ ',
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Fig.2 Scatterplot of measured GPP vs model simulated GPP at KZ-Ara and CN-Fuk stations
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AR Y RMSE Y978 5 oC m™> d7' DA [, AT VPM BEAIAY R7IAE) T 0.88,/H 2 VPM FAIXS GPP B T
W A AIRAG o PRI, 7E KZ-Bal 3 2 IXHRT GPP AT4DURS FE o ey A AR A A AE A A5 A8 R i SANTRy B
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Fig.3 Scatterplot of measured GPP vs model simulated GPP at Fig.4 Scatterplot of measured GPP vs model simulated GPP at
CN-Wul stations KZ-Bal stations
F3 RENN GPP S5HEAEENL GPP HILLE:
Table 3 Comparison of EC GPP and model simulation GPP
AR bR MOD17 #71 VPM 5 TG 57 SANIRv 5% VODCA2 #E7!
Site name Indicators MODI17 Model VPM Model TG Model SANIRv Model VODCA2 Model
JR I (KZ-Ara) R? 0.52 0.22 0.35 0.19 0.44
RMSE(gC m™2 8day™!) 6.48 8.30 7.28 8.49 7.48
FLRRE3 (CN-Fuk) R? 0.45 0.80 0.32 0.74 0.35
RMSE(gC m™2 month™") 37.29 16.65 35.62 28.45 51.14
1 2% 5755 (CN-Wul ) R? 0.79 0.90 0.91 0.96 0.52
RMSE(gC m™2 8day™!) 16.55 14.42 8.40 5.71 19.49
ELURWE AW, (KZ-Bal)  R? 0.41 0.88 0.39 0.81 0.03
RMSE(gC m™2 8day™!) 52.38 42.03 19.02 10.47 54.99

2.3 B GPP SHbiri I GPP (21 3hA
231 FRHRASRENEN NS

&l 5 FE 6 53908 KZ-Ara 3 Al CN-Fuk 3t BB ARTADLE RO I AE (Y9 225 2 25, P 219 GPP Y IR (E 1
TE 4 oC m™? d7' 247, P43 5 E MODI7 SANIRy TG, VPM #1345 EC GPP #4351 &4 iy — Sk, ifii
VODCA2 BiRIAE A K ZR A FF LR BT AN ZS S5 H B T 0 (E, X5 GPP B sl A BIHLRE ) 555 .

KZ-Ara i 7EA K ZBHUIMIN ,EC GPP 1Y 2144 301.22 ¢C m™ ,MOD17 ,VPM TG .SANIRv , VODCA2
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Table 4 Relative error (RE) of total vorticity observed GPP vs. total model simulated GPP

i KA PR MOD17 %! VPM #5 TG % SANIRv #5214 VODCA?2 51
Site name MOD17 Model VPM Model TG Model SANIRv Model VODCA2 Model
JR IR (KZ-Ara) 10.73 10.27 5.48 5.21 20.31
B (CN-Fuk) 38.95 3.65 35.87 32.94 2.17
1922 B3935 (CN-Wul) 28.94 28.93 1.10 2.61 9.75
LR A1) 3% ( KZ-Bal ) 77.69 62.23 1.98 2.22 77.24
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Table 5 Coefficient of determination (R?>) of the vorticity flux GPP with respect to the model input factor

Ui A FK Site name PAR LST NDVI EVI LSWI T

JRIE U ( KZ-Ara) 0.5319 0.2063 0.1525 0.0178 0.9044 0.4629
ELFEdl (CN-Fuk) 0.4466 0.4562 0.5463 0.5890 0.5427 0.7367
15,24 L3555 (CN-Wul) 0.4098 0.8437 0.7660 0.8659 0.0004 0.0206
L IR -1 25 ( KZ-Bal ) 0.6041 0.5815 0.3845 0.3111 0.3268 0.3839

PAR GE A Rk 5 Photosynthetically active radiation ; LST; #1 2R ¥ Land surface temperature ; NDVI; I3 — AL AH B 45 %0 Normalized difference
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