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Abstract; Fractional Vegetation Cover (FVC) is an important parameter for the depiction of surface vegetation coverage and
the monitoring of ecological conditions. Remote sensing has become the primary technique for regional FVC estimation.

However, the accuracy of FVC estimation is greatly limited due to the variations in solar radiation caused by terrain and the
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strong heterogeneity and complexity within remote sensing pixels. This study utilized the random forest regression model to
develop a fine—scale FVC estimation method for complex terrain areas by integrating surface reflectance, terrain features and
view geometry (SRTVG). The Qilian Mountains region, Yellow River Source region, and Hengduan Mountains region on
the Qinghai-Tibet Plateau were selected as the test areas. SRTVG was applied using Sentinel- 2 imagery, and evaluated
using FVC data obtained from UAV images and existing FVC remote sensing products. After incorporating terrain features
and view geometry information, the new method achieved an R* of 0.89 and a Root Mean Square Error (RMSE) of 0.13.
Compared to methods not incorporating terrain features and view geometry information, the new method has reduced the
RMSE of FVC estimation by 19.26%—28.02%. Compared to the existing MultiVI FVC and GEOV3 FVC products, the new
method has reduced the RMSE by 40.91% and 16.67% , respectively. The newly developed SRTVG method can improve the
accuracy of FVC remote sensing estimation in complex terrain areas, and enrich the technical methods for remote sensing

estimation of FVC.

Key Words: fractional vegetation cover; complex terrain areas; terrain effects; optical remote sensing; remote sensing
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Fig.1 Schematic diagram of the study area location
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Table 1 Overview of the study areas
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Research areas Terrain Vegetation Receferces
et B T B e B AR Ve b e e b

WX SRR, A 2100—5000 m, Do IHREN PR AK U A5 et IR

P T | 1 2R AR R BT | S R L [25]
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VARG ARACAIIE A DX LIl 55 o 32, b AR T2 0 A1 7 R o MG o X I AT

Qilian Mountains region Hi AR VG Y 1 2R A AR
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. ) X b 4 A5 S I YR — B 4000— IR, DA TR 9E B | 1) FE VE PR B ) R JE B [26]
Yellow River source region o
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fumiuee SIS LI BB IO UM ZANE
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M Google Earth Engine V-5 3K HL T 5 Jo AHLEZAZAH [F] B (3] Fl b 25 1) Sentinel- 2 5245, T #49 g A A<
W58 & ) SRTVG J5ik . Sentinel- 2 Fdi 43 & 13 OGS B (3R 2) , B oT Ry 25 18] 43 HE G A 10 m 3]
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Table 2 Sentinel-2 band information

BT W B2 TR W B SE 23 [H] 3 B
Band number Band name Central wavelength/nm Bandwidth/nm Spatial resolution/m
B1 SIBIE Aerosols 443 20 60

B2 i3 Blue 490 65 10

B3 Zx Green 560 35 10

B4 a Red 665 30 10

B5 81 REI 705 15 20

B6 21ih 2 RE2 740 15 20

B7 33 RE3 785 20 20

B8 SiTEA ) NIR 842 115 10

BSA a4 RE4 865 20 20

B9 KFER Water Vapor 945 20 60

B10 Ex Cirrus 1380 30 60

Bl FIWLLAM 1 SWIRI 1610 90 20

B12 FiLhh 2 SWIR2 2190 180 20
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Table 3 Commonly used machine learning features for FVC estimation

VES FHE PR 23 ] 53 % 22 3k
Schemes Features Satellite sensors Spatial resolution Literature resource
1 Red \NIR MODIS 500 m [33)
2 Red \NIR ,SWIR SPOT VEGETATION #1 PROBA-V 1 km #1300 m (37]
3 Blue ,Red \NIR PROBA-V 300 m (38

FVC . #9735 B Fractional vegetation cover

2.5 SRTVG ik RIERPEA,
2.5.1 FVC Z5 [R50 A Jay e PETEA

FIH SRTVG 7% # i ms BAY 3 NI IX 2020 4F 8 A W a] ) FVC BEATAGE, SR )5 R H LR A, X e 43
B SRTVG {2558 MultiVl FVC £#i .GEOV3 FVC Fidls fl GLASS FVC Bs7E2S (A% 7 L AR BISCR
2.5.2  FVC {5 B e S T4

FHYMER G SRTVG fE5RE5 553 512 G5 30 m F1300 m, SR )5 LA ECHE 45 i) FVC b im ECE 25008
N5 IPGE BB AR 1% 22 (Root Mean Square Error, RMSE) A PEAM 845 , 73 XS ELPEAL 30 m 43 FE %)
SRTVG FVC #EH1 MultiV FVC B 4E DL % 300 m 43 HF30 SRTVG FVC il Al GEOV3 FVC Fidla 4L A 55
KEE
253 SEGMNEZHILIX FVC A5 R EXT H

PP SRTVG ik AL SEi & 24 B X FVC A ms , B S5 SCS+C AR X6f 52 56 3R B 40 10 A7
TERETE , PR A IE ST 0 SO 38 i 64T FVC ARG, 76 LR PR SR g b S 7E U R8s 42 %5 RFR 52 AU
Nk, e g 4 TR EE DR, X T IR B Ah SR M 0 FVC AR5 S AR5 1 SR 3% T I AML
RPN FVC ELE SR T @ AN, 485 FILFH RMSE Fi R SE4 7R B o sl

3 RS9

3.1 SRTVG J7ik iy fEsim ARHE fii e 45

AR T B0AG Mol 3 % S S 2 B A IE T 58, 6 I A MBI IR AU LAl B FVC A B85 R R 42T+
T 7.552%—14.267% ,RMSE F#IX T 19.255%—28.022% ( £% 4) . Hu I 45 AE AL TUART A 8, A9 4 AE o B 22
MR 0.3(F4) , RWENFEREZLMIE X FVC AP RAEZEM, 6 KEF, FHET S 3 TIEREB R
S L1 BRI LT AN B SR IR R I LA LA s ) FVC AR, IR, AR A
PEBGX — AR AEAVE A SRTVG J78E A ABRAE

x4 FEWMNHETHFVC GEREE

Table 4 FVC estimation accuracies under different input features

kS FEAIE ) . RPZEAL IR BE RMSE Z& 1k
R RMSE
Schemes Features chhange range RMSE change range
1 Red(0.54) NIR(0.46) 0.771 0.182 14.267% -28.022%
Red(0.44) \NIR(0.24) HJEFHF(0.12) S ILAT{E B
0.881 0.131
(0.2)
2 Red(0.37) \RE4(0.42) SWIR2(0.21) 0.821 0.161 7.552% -19.255%
»d (0. \RE4(0.25) .SWIR2(0.11) . 2 A .
Red(0.36) \RE4(0.25) \SWIR2(0.11) . HiJE B F (0 0.883 0.130

10) WL LAI{5 . (0.18)
3 Blue(0.10) \Red(0.47) NIR(0.43) 0.816 0.163 8.333% -20.245%
Blue(0.05) .Red(0.42) NIR(0.23) HIEHF(0.09) .
I LA 5 5.(0.21)
TR PR A 5 e A 3 R 1 5 ORI J LA 45 8 A 355 K P v A DK B 6 £ 5 () R A B 3 /R R AE T (RS I 0—1; RMSE: 175

H1% 2% Root mean square error

0.884 0.130
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3.2 FVC ZS[E)#8 JmiFAh 45 1

&l 4 JE/R T FIH SRTVG J7 3542 1A 2020 45 8 F Hhi) s i B A 3% LU DX B TmT I DRI BT LU X FVC Al 53
gE 5 B 6 R 7 SR T R A AR 4 LU X B R X RN T 1L X, SRTVG FVC i  MultiVl FVC 7=
i \GEOV3 FVC 7= i il GLASS FVC 7= i 75 X 3405 _E A RBUSCR . X 4 PP TE FVC 23 [a)A% Ja) L S B i 4
1o P AR | E I 7 220 )t AT 5 IR R 20 R B RN ME R PR 7 T AP AR IR K 25 57 . LATRI I Y Sentinel- 2
HH OGNS H AR I, SRTVG FVC 08 RE SR 4N | v 1 Sz e H 45 Fof b 35 50 00 T A9 A o 7 R
B, AN HE AL AR Y | I ELG s A 7 o AR 7 35 X sk AER . Multi VI FVC 085t RS 40 i s e Y FVC
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Fig.4 FVC results of the Tibetan Plateau test area generated by the SRTVG method
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