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Inversion of aboveground biomass of grassland on the eastern margin of the Qinghai-Tibet

Plateau combined with Sentinel-1 and Sentinel-2 data

SUN Jian, DU Zhong, LIN Yongzhi, WANG Jie
(College of Geographical Sciences, China West Normal University, Nanchong 637009, Sichuan, China)

Abstract: The aim of this study was to explore the application potential of collaborative active and passive remote sensing in

aboveground biomass (AGB) estimation of grassland. In this study, Hongyuan County, Aba Tibetan and Qiang Autonomous

Prefecture, on the eastern edge of the Qinghai-Tibetan Plateau was used as the study area. We investigated the ability to

retrieval grass AGB by combining Sentinel-1 and Sentinel-2 data, using multiple linear regression, stepwise regression, and

semi-empirical physical modeling, with Sentinel-1 synthetic aperture radar data and Sentinel-2 multispectral images as the

data sources.

The results showed that the cooperative inversion accuracy was better than the inversion accuracy of the

Sentinel-2 single-data source (the accuracy, Rz, of the multiple linear regression model increased from 0.74 to 0.83). In

addition, combining Sentinel-1 and Sentinel-2 data with stepwise regression, the AGB model accuracy (RZ) was 0.78, and the

semi-empirical physical model accuracy (Rz) was 0.77. In general, the Sentinel-1 influence factor improved the accuracy of

the inversion

model to some extent, and the final inverse AGB results from multiple modeling approaches were consistent
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with the measured grassland AGB. The results of this study provide a scientific basis for the accurate estimation of AGB in

the study area and even the eastern edge grassland of the whole Qinghai-Tibet Plateau.

Keywords: regression analysis; semi-empirical physical model; co-inversion; aboveground biomass; Sentinel-1; Sentinel-2;

Hongyuan County
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Figure 1 Location of the study area and schematic diagram of the sample area
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Figure 2 Results of Sentinel image pre-processing
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Table 1 Sentinel-2 vegetation index and calculation formula
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Name of variable Attributes Calculation formula
N % . . L. NIR—-RED
NDVI 3 — XA 45 45 41 Normalized difference vegetation index NDVI = W
DVI Z{H M F5 4L Difference vegetation index DVI = NIR-RED
N % . .. NIR
RVI PUAB A 4 F 2X Relative vegetation index RVI= s
. NIR—-RED
J o L _
EVI 145 80 R 4 F8 4 Enhanced vegetation index EVI= 25X e
N 2" . . L. NIR-GREEN
GNDVI £} FE R 45 20 Green normalized difference vegetation index GNDVI = m

NIRACZ Sentinel-254 14 [1IBS GEZLAM B, REDIAFEB4 (L1)#% B, BLUELEB2 ()%, GREENACEB3 (4.
NIR represents the B8 (Near Infrared) band of Sentinel-2 imagery; RED represents the B4 (Red) band; BLUE represents the B2 (Blue) band; GREEN

represents the B3 (Green) band.
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Table 2 Modeling accuracy of the regression model
B A2 R - wh o 2 )77 FR AR BB PR
o *ii%ﬁ o e 2 igmﬁwe%(RMSﬁ) ?ﬁ&ﬁﬁmﬁémﬁ)
Tvne ame o Model RZ oot mean sqyzare ean relative
yp model error/(g'm ) error/%
AGBnpvi y=-1456.80+2 130.80x 0.54 61.48 16.14
AGBpy; y=-167.01 +1525.70x 0.33 74.11 20.01
_ AGBgy; y=138.61 + 19.645x 0.61 56.33 14.46
B—fhR
Single  AGBgy; y=-280.20+1021.20x 0.44 67.26 17.70
indicator
AGBgnpvI y=-922.91+1 800.00x 0.58 58.30 15.37
AGBy y=-82.07 + 147.68x 0.54 61.51 16.11
AGByygs y=-628.47 — 51.409x 0.44 68.54 16.91
y=-1287.14+1353.99NDVI-
6 207.69DVI —9.6TRVI +
AT 3 964.1SEVI + 42.49GNDVI + 0.74 46.36 11.96
EZMEVE] 77.43LAI
Multiple
regression y=-1534.53 +1318.84NDVI —
3980.34DVI — 4.26RVI +
AGBSemine]-l,Z 2 520.66EVI — 126.58 GNDVI + 0.83 36.99 9.35
53.21LAI - 28.260Y,,dB
BLEI AGBgyines v =138.61 + 19.65RVI 0.61 56.33 14.46
Stepwise
regression AGBsentinel1 2 0.78 42.21 10.62

y=-487.96 + 15.97RVI — 34.680%,,,dB

AGBypyy: FETH— BB ISR B A AR, AGByy,: T ZEEH IR BB, AGBry: #T HWEEB N
BV BESEEEN; AGByy: BT WA YIRSt BB AR, AGBoypyi: ZET A ORISR B B A B4R SR
AGBya;: TR B AW RSB AGByygp: ZET Sentinel-1 VH dBHJHL B EMFI; AGBgeyine.2: T Sentinel-25244 1)
o B EAS A AGBseine12: %1 Sentinel-1F1Sentinel-2 515 1 _b A=) Al SR AL

AGBypy;: aboveground biomass model based on normalized difference vegetation index; AGBpy;: aboveground biomass model based on difference

vegetation index; 4AGBgy: aboveground biomass model based on relative vegetation index; 4GBgy,: aboveground biomass model based on enhanced

vegetation index; AGBgnpyi: aboveground biomass model based on green normalized difference vegetation index; 4GBy »;: aboveground biomass model

based on leaf area index; AGByygp: aboveground biomass model based on VH dB of sentinel-1 images; A GBgepinel-2: @boveground biomass model based on

Sentinel-2 images; 4GBgepinel-1 2: aboveground biomass model based on Sentinel-1 and Sentinel-2 images.
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