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Abstract: Vegetation coverage is an objective index and an important parameter that reflects the basic extent of vegetation.
In this study, we evaluated and analyzed the effectiveness of eight different visible-light-based vegetation indices for

estimating the vegetation cover of different grassland types. Upon comparison of accuracy of these vegetation indices, we
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found that these vegetation indices were less effective in estimating the vegetation cover of desert grasslands. Therefore, we
have proposed a desert vegetation index (DVI) to estimate the vegetation cover of desert grasslands. The effects of different
vegetation indices on the vegetation cover estimation of different grassland types were evaluated, and the changes in the
threshold values of different grassland types were analyzed. The results showed that: 1) The common vegetation indices
could estimate the vegetation coverage in meadow grasslands and typical grasslands with a high accuracy (accuracy > 90%,
F; > 0.9). The ExG (excess green index) was the best in estimating the vegetation coverage in meadow grasslands (accuracy >
93%, F, > 0.95), and there was no significant difference among the estimation power of vegetation indices when estimating
the coverage in typical grasslands. However, the common vegetation indices exhibited low accuracy of vegetation coverage
estimation (F; <X 0.6) in desert grasslands. 2) The DVI proposed in this study has a high estimation accuracy of vegetation
coverage in desert grasslands (accuracy > 93%, F, score reached 0.71), which can effectively compensate for the defects of
the above-mentioned vegetation indices. 3) The thresholds of GLI (green leaf index) and CIVE (color index of vegetation
extraction) were the least sensitive to grassland types; the thresholds of ExG, ExGR (excess green minus excess red index),
VEG (vegetative index), and WI (woebbecke index) were less sensitive to the effects of meadow grasslands and typical
grasslands, but more sensitive to the effect of desert grasslands; and COM (combination index) and Lab (lab index) were the
most sensitive to all the grassland types considered in this study.
Keywords: UAV; visible light band; vegetation coverage; vegetation index; desert; grassland; threshold method
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Table 1 Distribution of sampling points and grassland types

BRI HuIX MR A B3
Grassland type Region Geographic site Number of sampling
Ll B LE SR VIEZ il o .
Desert grassland Ordos, Inner Mongolia 108.75°E, 38.46° N 3
P 5238 i . .
Alax, Inner Mongolia 101.78°E, 39.11° N !
HA R o o
Wuwei, Gansu 102.83° E, 38.56° N 3
HrE B M o o
Changji, Xinjiang 88.94° E, 44.35° N 1
] B3
Meadow grassland e T o o
- ; &r . ‘ Hami, Xinjiang 88.94° E, 44.35° N 6
RN B F X . .
Aletai, Xinjiang 93.75°E, 43.32° N 3
HrE B M 0 0
Changji, Xinjiang 92.60° E, 43.60° N 1
1] v
T ﬁ%ﬁf@i d HORP IR 107.16° E, 35.18° N 1
_ypica rss anc Pingliang, Gansu : el
HOR R BT o o
Qingyang, Gansu 107.32° E, 35.49° N 7
P e Bk 110.22° E, 40.94° N 2

Baotou, Inner Mongolia
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Table 2 Formula table of vegetation index

RIS AR AR S5 3R
Vegetation index Full name Formulas Reference
VEG TEHE K F 82 Vegetative index VEG = g = (0667 x p0-333) [18]
ExG HHZEFE 2 Excess green index ExG=2g-r—b [19]
ExGR E{ﬁfifﬁiﬁ excess red index ExGR = ExG-(14r-g) (201
GLI 743828 Green leaf index GLI=Q2g-r-b)+Qg+r+b) [21]
CIVE TE A 38 2 Color index of vegetation extraction CIVE =0.441r-0.811g+0.385b+18.78745 [22]
CoM 4144840 Combination index COM = 0.25ExG + 0.3ExGR + 0.33CIVE + 0.12VEG [23]
WI Woebbecketd £ Woebbecke index Wi=(g-b)+(r-g [24]
Lab Lab#% Lab index Lab=a [25]

AP re gy DA RGBEIE S (B F L. G W =B KA —E: o NLabBih 2 8] (¥ i 2K B A
The 7, g, and b in the formula represent the normalized values of the gray values of the red, green, and blue channels in the RGB color space, and a
represents the gray values of a channel in the Lab color space.
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Figure 1 Processing flow of UAV images
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Table 3 Estimation error table of grassland coverage

LELE R H I 2R PSR ZE WTRIRE
Vegetation  Grassland types MAE/% RMSE/%
ExG Eif1) Meadow 1.65 1.53

H17 Typical 2.00 1.19
Tl Desert 5.49 471
ExGR K41 Meadow 1.74 1.88
JA Typical 1.85 1.44
Fed Desert 1.61 2.08
VEG Hifd Meadow 2.81 4.60
A Typical 4.57 3.88
Fiei Desert 1.52 1.13
CIVE i) Meadow 2.53 3.48
# A Typical 2.83 3.42
T Desert 1.52 1.68
COM #548 Meadow 1.65 1.97
H A Typical 2.60 4.55
FEE Desert 1.51 5.81
LAB #545 Meadow 2.02 1.97
H17 Typical 3.92 4,55
Tl Desert 3.63 5.81
GLI Hifg Meadow 1.64 1.29
# A Typical 5.64 6.46
FedH Desert 2.97 428
WI B4 Meadow 3.85 7.62
HA Typical 4.54 3.76
i Desert 2.36 2.77

IR mMEIS): N
Full names of vegetation are the same as those in Table 1; this is
applicable for the following figures and tables as well.
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Figure 2 The accuracy of the dimidiate pixel model based on vegetation index
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Figure 3 Comparison of accuracy of vegetation cover
estimation in desert grasslands
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Table 4 Changes of threshold under different
types of grasslands

. i {E Threshold
LRI EIE Y
Vegetation index ~ FifgHifh  HUBIRIHL SRR

Meadow Typical Desert
ExG 0.03 0.04 —-0.01
ExGR —0.04 —-0.05 -0.26
VEG 1.11 1.10 0.97
CIVE 18.74 18.74 18.77
COM 6.37 6.31 6.23
Lab —4.31 -2.95 8.17
GLI 0.02 0.02 —0.01
WI —-0.05 —-0.02 0.18
DVI — — -0.16
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