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1.1 FRH A

AMFIEBEHN St B R 6o MR &, B
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(1) PRAR DUIR B AR 25 22 50 [ 5 Y A MR} L
SRR A A RS ST B (K 1(b)). e B AT
5T H A XA ULR TR R I R3S b A 2R 5 AR
B3 km, HIFRARAR H49°32'~49°34'N, 119°94'~
119°96'E!"®) #54%603~743 m, [t @ B i 2 0 g 25 )

7o, SRR A Sl BT PR R S
FOREEE, FLAEA ) B A TR AR, AT B

R 2 X R TR TR KR, AR K 2
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Bl 1 (MESRUR )BT 678 R0 R4S BOROT 6 B 2. (a) 6/ HCHCT 6 A28 AR, B rh 453 5 5 (0)~() XL (b)~(g)53 31
DA DR B A 25 R 0 [ SR PSR LM A5 R P A T S 36 65 GRORCE 65 —) o WA DR B ARl A= 25 R S8 i el 4 MA)F- 65 (R
F5 ). P IURFHARO A S RGBT 6 (O 6 =) - T EBEBE NSO RS RGBT HHCE G ) . NS RER
ot e o R KOO & (RCRCE R T E AR 2B R T B A AL 35 R SR S IR 5 75) AU Google  Earth 43 HE%
b2

Figure 1 (Color online) Spatial distribution map of grazing platforms and grassland types. (a) Spatial distribution map of 6 grazing platforms, where
the order of platforms in (a) corresponds to (b)—(g); (b)—(g) Google Earth high-resolution images of Hulunbuir Grassland Ecosystem Experimental
Station, Chinese Academy of Agricultural Sciences (Grazing platform 1), supplementary feeding platform of Hulunbuir Grassland Agroecosystem
Experimental Station (Grazing platform 2), rotational grazing platform of Hulunbuir Grassland Agroecosystem Experimental Station (Grazing platform
3), Inner Mongolia Grassland Ecosystem Research Station, Chinese Academy of Sciences (Grazing platform 4), Long-term grazing platform of desert
grassland base, Inner Mongolia Academy of Agriculture and Animal Husbandry (Grazing platform 5) and Experimental base of desert grassland
ecosystem, Institute of Grassland Research of China Academy of Agricultural Sciences (Grazing platform 6)
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e B (E00.00, 1.50, 3.00, 4.50. 6.00, 7.50%19.00
SU/Mm?)FIPH N HIIE R GG . 83, ABFoe Hik
SEHHHE AR, H R R T HCBGR 8 0.00

1488

1.50, 4.50., 9.00 SU/hm” 4k B8 (1 5

(5) WS AP} 2 B 3iE 5 Jir JE b TS T
BIELD). NI RIEBF B AL A T N5
W BRI 2L AT YT F R P R BN, R
ARFRH41°47'17"N, 111°53'46"E, i3k 1450 m, JiJ@ &
TR FEB i, AR PR K 5298300 mm, ~F3
TRLE 245°495.00 C 1232 A58 5 H 20044 A2 HE AT U
RIS, BHAES~ 1V, RO R, 43-51°50.00
0.91. 1.82. 2.71 SU/hm?, X7 BB F5053 310
4.8, 12122

(6) AR B B A G T S B AR S R
Sk I (K 1(g)). T EARM B2 B R R AT T e i
A R GRS A N S [ G XS AR A
INEEEAIE, M ARFR42°48'N, 112°42'E, KA
1082 m, JIT @ E MR R e R I 2 M X Sk h
T T R AR, 2 AR RRZ86.00°C, F
PIREK 2920150 mm!®). 201 24F7E %00 B b A1 7 R
AR, BN RO EE /N X, 1550/ N 3 34 XA,
AN DX AT A TIOR8 B — AT o B A, i
AR BE 4351 90.00, 038, 0.50, 0.63L4520.94 SU/hm?,
FACFRREHLHES, R4 PR3 v R 0L
112 B R B KA

ARWFFE M FH T LandsatAl Sentinel-2 T 2 1% B8R,
X ECE B B S AT BR Al LA T LI £
RT3 43 B,

(1) i/ T Google Earth Engine (GEE)¥-& I
2015~20234F16~9 H Landsat 7/8/9/1Sentinel-2(LC/S2)
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Figure 2 (Color online) Comparison of satellite remote sensing images before and after preprocessing and statistics of good observations. (a) Taking
the Long-term grazing platform of desert grassland base, Inner Mongolia Academy of Agriculture and Animal Husbandry in August 2020 as an
example, the original observation image of Sentinel-2, the remote sensing image was synthesized by RGB (red, green, blue); (b) taking the Long-term
grazing platform of desert grassland base, Inner Mongolia Academy of Agriculture and Animal Husbandry in August 2020 as an example, the
preprocessed image of Sentine | and 2, the remote sensing image was synthesized by RGB (red, green, blue); (c) the number of good observations in the
growing season months from 2015 to 2023 for grazing platforms 1-6, and the full names of grazing platforms are the same with Figure 1
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Figure 3 (Color online) Workflow of this research
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boosting, XGBoost)J&:—F7E B HE T+ H SR Bk iy 3
ilt b Rtk ) 4 B 2 BRI, AT IR G s b B/ VREAR
Bapl, 1B IEBOR M EAGB R A, R
JT A FREERXT LA = S BRI RL, 3 2 10 A RRAE AT
RE A R B, DR I3 2 SMR ) 285 SR A A B A
FIRFE,  [RII2  T AR R B L AR S (PR RN AR
SERREAKAE I AR, ROV Ry IR AR A

(4) IZHpmEAL SRR EHL(support vector ma-
chine, SVM)J 72 I3 F TRk R B A At 1140, 12580
FESEAA AN TICIORG B 2 (B B TARGE A, H X
IR REAR B RUE, SR AU R AR IE
AT 5 XGBoost 5 i AH L.

(5) KEREVERL. MMM HEZ MR . B iR
R 2 (RMSE)HIAX RMSE  (RMSE%)H TiFAELMM
GAM ., XGBootsFISVMHAYLE RIS N4 F

1 2
20—
RZ =1- l;l > (6)
D> i=7)
i=1
1 &,
RMSE = ,/ﬁ Z;(yl- -2, (7
P
RMSE% = Rz‘i_SE % 100%. (3)

Horp, yo SEME, o= ATy SE A S5 (E.
ABEFE B AELRIT AN [R] 2 R 1 B I UR v 14

F1 MBS MERARR

Table 1 Utilization rate of rangeland of 6 grazing platforms

AU, VRS2 IR T RR 8 S I UR ) RE A, PRI IH AR A
R 2 B PR VA 2 0GB AP R KA 28 SURIE
(K=5)J7 X R Tl S 2. KT 38 SRRy
BARGER 3 KA THIF Z U GRS AR, KRR
TERS B2 R P AE N L R BE R, IXFE AT AT 2K
L DL B AU (RO, AT S At M A 7R £
ZALhE ST
124 R S pEAR A FOR & BBCE & B R R 3
MR LA L BERIPEAG B S B PR, e DL
TG XF oM HCHCT 5 B FE R R AT 2 R, JF4E
THF 15 AN [R5 58 e 3t 1 5.

2 g5R
2.1 EEFFIEE LR SRR R &R 0t
2.1.1  EH AR

6T & 8 8112015~2023 4R URFEAS
(Fe1), J3AA T3FPE ST Fof R R R
R ) R SRR LR B URAR K T0,  BIX HEZH
) B LA GBS TR, ) SRR LR
HHCE & B UR S TICHGR FE B FE G R (E14). LA E
1) r I RR A e 9 5 oy DR AR S R GRS S AR 2 EUAE
W, URFICHGR B RIE LG R, (HIEAE20194F, 38 Bk
P URI K. e T 1 v ) b Bk 2 B e SR 5 i
T v R A 25 R AR 1 URTE 20 194F Fl120204F
KRBT /N TOREE SR (1514(6)), 4390 Hi TR BE R
BREE TR R P BTG PN ST AR OB B e T i
H K HCBOT S5 20161201 84 HBL T /N FOm 45
H(El4(e)).
212 ERFETFE

EISHRGE T 6O 15 10 18 B IE B L5 (S)
By23 (85340, B G U—AS Bl R R (S 5 5T
PR, FERl—HR T, SIE7E B Ay 2s (B 5 5
PE. RIS, S5 B A e — B AR ik 6 R, nsdE
SR R, Spy k. (EJEFF AR T SHR-S U

F A FEAAH(N) F R R A (E FHl R R AR 2 EX RS TN Fh I R de /M
FAi) RE 49 0.40 0.19 0.85 0.02
AL E 5 9 0.29 0.24 0.85 0.05
R 23 0.15 0.21 0.68 -0.12
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Figure 4 (Color online) Results of Utilization Rate of Rangeland of 6 grazing platforms. (a)—(f) are the results of utilization rate of grazing platforms
1-6 respectively, and the full names of grazing platforms are the same in Figure 1

BRI R, WES@) T BISypprS BB B I 2

KA.

2.1.3 EREEL R G E A H R 84K
LT B IR A S M 1 25 UBOE- 65 S5 URAH 56

RHO BETE G, ARIHUBCE 6 B B E RS A

[, B — 18 G AR o — ISR AR bR BE S [R] i
MR AT R UR. I HLUZSE I8 bR, AIH
T 2R A O 18 SRS PR AL B AN I — AN,
TR EL R AT &, RAEA LR ATE E 1
SEN (1) 18 B AR AR W UR BB A %L, ARSI

1493



M4 Z LB 205548 F0% L1H

(@) (b)
BUERE (SU/hm?) KGR (SU/hm?)
10.92 - 1.22

Hix P S
2.76 - o
3.68 @& -
= - = ¥
-‘i Bl

¢ £0.05 s .
Snopi mg cl v 0.05
P o3 0 [— P o3
-0.1 ) 0.3 o

(c) (d)

HUs kMR BHGRE (SU/hm?)
' R1 O 1.50
22 O < - 4.50
R3 9.00 "
CG < : 5

. \ 02

0 L 015

Surw E Sev

o o2 -0.05 P 0.3 woos
0.2 - -0.2 ‘

-0. 0

(e) 0
HRERE (SU/Mhm?) FHERE (SUMhm?)
[ 0.91 [] > 0.38
182 [|* ; 0.50 ~Q~ &
] 271 9 0.63 *Q .
: AN 0%y £
0
SSATVI SSevenFour g_o 05
P 03 P 0.2 $
-0.6 -0.3 "

-0.1

B 5 (MR @)6 MU G IB IR E A REZR . ()~ U 5 —~ /N BB B EAE LR 2 (W] 1, e S YRR UL 1. Hil
A5 B ISR AR TEA RO BT 28 (8IS, xRt ECROREE, IR ERFE AR LR, (a) OB — 11202048 1 B Sypp - HH; (b)
HHCF £ Z1920224F8 H (19Sc PHIMH; (¢) HACF £ = 1920224F8 H 98y PRI (d) BUBCF £ DUI20194E8 H 198,y RIS () HUHCT-5 Y
202148 H 1S5 THIEL () BT 57519202048 H 1) Ssevenon - HIH

Figure 5 (Color online) Results of change rate of remote sensing characteristics of six grazing platforms. (a)—(f) are the spatial maps of remote sensing
characteristic change rates of grazing platforms 1-6, respectively. The full name of grazing platforms is shown in Figure 1. The illustrations are the
spatial average values of the remote sensing characteristic change rates under different grazing intensities. The x-axis of illustrations is grazing intensity,
and the y-axis is the change rate of remote sensing characteristics. (a) The average Sypp; of August 2020 of grazing platform 1; (b) the average S¢; of
August 2022 of grazing platform 2; (c) the average Sy 7y of August 2022 of grazing platform 3; (d) the average Sk, of August 2019 of grazing platform
4; (e) the average Ss,7y; of August 2021 of grazing platform 5; (f) the average Sseyenron Of August 2020 of grazing platform 6

RS A S B 5 UR. 5S4, Fr TR T 4 R B MR R bk,

S o FiZ P SES. TLMMELE . GAMAAL | XGBoots
22 RECHOA R R BORRISVMBIRL e Pttt T 4 MR R 25 5.
T TEE A B R AR T MMAU RS R(R2=0.68), FLRMSERIRMSE?4 4k

1494



SMNDWI
Swi -0.06

Swouz < 0.43 0.34 -
Sisw = 037 0.34
Spsri =] -0.23

Susavi = -0.04 0.22
Ssavi = -0.00 0.26

{BIELTIE ss,m,,-|
AL S,
BERESH 8l

Ssr o -0.21 0.13

SSevenFour - -0.13

Snocr = 0.12 -0.08
Sper < -0.25 -0.12
Sner < 0.09

Scr- -0.33

-1 -0.05 0.23

4 os* o3 0.30

-0.30 -0.21 0.11
-0.27

SM TVI1
mResn g

Srovi =}  0.08

Sevi =
Sivovi = | 0.33 0.15
Sew 005 026 062N
0.34 013
-0.30 -0.18

o005 [WOBIF o019 038

023 | 041 006

0.24 -0.25 0.08

0.27
-0.05

012 |

0.27
045 032 021"

0.29 0.04 -0.13
0.12 -0.02 0.36*

0.22 -0.25 0.07

0.35
-0.17 0.10*

1 1 1
M M M
i " "
8 8 =)

BRI
1

0.26 -0.07 0.17
0.26 -0.25 0.05 0.6
0.25 -0.09 0.06
0.29 -0.18 0.07
0.28 -0.29 -0.03 0a
0.30 -0.23 0.03
0.40 -0.30 0.30* 02
044 [1050  o024*
-0.10 -0.12 -0.04*
0.36 0.12 ekl = 0.6
0.10 -0.04 -0.03*

T T T -1

W w i

" W

v b b

=) =) =

il VAN

Bl 6 (RIZ8RRUR )5 T B R A M B o BT 5 R IR AR AR AR5 B R R AR SC R B B, i, OO B —~ SRR LA,
PR R AE AL R IR 1. 2.1k 43 42, BARASZUILEES2. *, P<0.05

Figure 6 (Color online) Correlation coefficient and significance between the remote sensing characteristics change rate and utilization rate of 6
grazing platforms. In the x-axis, the full names of grazing platforms are the same as in Figure 1. The remote sensing characteristics change rates of the y-
axis are divided into four types according to 1.2.1(2), and the formula is shown in Table S2. *, P<0.05
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Table 2 Evaluation results of utilization rate of rangeland models
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Figure 7 (Color online) Actual grassland utilization rate and scatter plot of grassland utilization rate simulated by Support Vector Machine model. (a)
Inversion results of utilization rate for all samples; (b) inversion results of utilization rate of meadow grassland samples; (c) inversion results of
utilization rate for typical grassland samples; (d) the result of utilization rate inversion for desert grassland samples
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Remote sensing monitoring of grassland utilization rate based
on Landsat and Sentinel-2 satellites — Taking grazing platforms
of different grassland types as examples
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Accurate assessments of the utilization rate of rangeland are crucial for research on carbon dynamics, biodiversity
conservation, and effective grassland management. Traditionally, utilization intensity has been measured based on the
number of grazing livestock, without accounting for variations in grassland productivity. The use of this conventional
approach has limited applicability for large-scale monitoring purposes, especially in terms of capturing regional variability
and intra-annual utilization changes. The utilization rate of the rangeland (UR) metric provides a more comprehensive view
and reflects the direct impact of management practices on ecosystems. As an essential indicator of grazing intensity, UR
facilitates a deeper understanding of how grazing affects ecosystem responses, supporting more effective monitoring and
management of grassland. Remote sensing technology has emerged as a promising tool for generating up-to-date, large-
scale UR inventories; however, the potential of remote sensing for accurate UR monitor remains underexplored, partly due
to the difficulty of capturing clear signals from grassland under active grazing. This study systematically evaluated the
ability of remote sensing data to monitor UR, leveraging aboveground biomass (4GB) measurements and time series data
from harmonized Landsat 7/8/9 and Sentinel-2 imagery. Based on a long-term grazing experimental platform across
diverse grassland types, we explored the correlation between remote sensing characteristics and UR dynamics to identify
the optimal dataset for high-precision UR monitoring in different grassland environments. Our methodology involved two
key steps: first, we analyzed the relationship between changes in remote sensing features and UR variations, selecting the
optimal indicators for monitoring UR across different grassland types. Second, we evaluated the predictive performance of
parametric models (linear mixed effect model and generalized additive model) and nonparametric models (eXtreme
Gradient Boosting and support vector machine) for UR estimation. These models were chosen for their outstanding ability
to deal with small-size sample scenes. Each model was assessed in terms of its accuracy, temporal stability, and spatial
consistency. Among the studied models, the support vector machine algorithm achieved the highest predictive accuracy
(R*=0.90) and temporal—spatial robustness, as confirmed by K-fold cross-validation (f,X,)=0.70). In all grassland types,
this model exhibits good stability and performs well on small samples. The model is minimally affected by differences
between sampling dates and satellite data acquisition dates. Overall, the results of this study indicate that (1) the remote
sensing indicators significantly correlated with UR vary across grazing platforms, with no single indicator universally
suitable for all grassland types, (2) the support vector machine model can achieve high accuracy for UR estimation, and (3)
the proposed UR remote sensing model exhibits strong temporal and spatial stability. This research highlights the feasibility
of utilizing remote sensing data for large-scale UR monitoring, providing a scientific foundation for enhancing grassland
grazing management and supporting ecological restoration efforts, such as assessing the impact of grazing on production,
climate, ecosystem service, soil, and the carbon cycle.

utilization rate of rangeland, satellite remote sensing, grassland type, remote sensing inversion model
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