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Remote sensing extraction and analysis of the spatial pattern of natural cutting

pastures in semi—arid pastoral areas of China
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Abstract: As a vital component of grassland resources in semi-arid pastoral areas, natural cutting pastures play a
significant role in maintaining the stability and sustainable development of grassland ecosystems. However, China
has long faced a scarcity of spatial distribution data on natural cutting pastures, and existing data inadequately reflect
their current status, hindering scientific management and conservation of grassland resources. To address this issue,
this study employed a multi-source remote sensing data fusion approach (Sentinel-2 and Landsat-8 imagery) ,
incorporating topographic features, spectral indices, and texture features. Using object-oriented segmentation and a
support vector machine (SVM) algorithm, high-accuracy remote sensing extraction to identily natural cutting
pastures in semi-arid pastoral areas was conducted. The results revealed that the total area of natural cutting pastures
in semi-arid pastoral areas from 2020 to 2022 was 7. 9492 million hectares, with the pastoral area in northern Inner

Mongolia accounting for the largest proportion (81.19%) , and temperate grasslands being the dominant type
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(61.87%). The areas of fixed cutting pastures and mobile cutting pastures were 4. 7712 million and 3. 1780 million
hectares, accounting for 60. 02% and 39. 98% of the total area, respectively, showing distinct regional disparities in
spatial distribution. The overall accuracy of remote sensing extraction reached 84.76% , with a Kappa coefficient of
0. 69, indicating high consistency with ground survey data. The pastoral area in northern Inner Mongolia achieved
the highest accuracy (87.16% ). This study fills the gap in spatial distribution data of natural cutting pastures over
the past decade and provides reliable data support for the scientific management, ecological conservation, and
sustainable utilization of grassland resources.

Key words: semi-arid pastoral areas; cutting pastures; multi-source data fusion; object-oriented segmentation;

machine learning model; remote sensing extraction
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Fig.1 Location of the study area

T 8RB R R A b PR IR 55 I i GS (2024) 0650 5 b o it 181 4 i 134 AL B8 . Produced based on the standard map GS(2024)0650 from the

Standard Map Service website of the Ministry of Natural Resources, with no modifications to the base map boundaries.
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positioning system, GPS)H§ 8 2 A7, 8 E T 634 b 187 I8 Ax a5 A Ry 7 55 37 4 BOKS BE (0% 20 7 99 31 o5, B 23 A o (5]
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Table 1 Land cover classification in the study area

H# 255 Land cover 2 2 Second land class
#kth Cropland 7K H Paddy field, 5 3th Dryland, 7K 58 H Trrigated land
ML Forest e AR M Arbor forest land , 7741 Bamboo forest land , Zk Mk P Forest marsh, # A M H1 Shrub forest land, # M A % Shrub

marsh, HAlMIb Other forest land

A% %4l Cutting pasture X1 %] 54l Cutting pasture

W HH Grazing pasture e H i Grazing pasture

THPER b Marsh grassland % 5 i Marsh grassland

HABF H Other grassland — HAth % H Other grassland

Kk Water [ /K AT River water surface, 171 7K 17 Lake water surface, 7K %2 K 1 Reservoir water surface, HT3#7K i Pond water surface,
5% Ditch, 7R #b Marshland, 7KJ1] & 7k A F1F5 Glacier and permanent snow cover

A% 1 # Building land FAE T i Retail commercial land , 41t % 17 3% Fl #s Wholesale market land , 44k Fil# Catering land , /i i Ffl 3t Hotel land ,
T 55 42 Bl 1 # Commercial and financial land, %5 5k Ji # Entertainment land , HiAth 35 JIk J 32 Other commercial service land, T.
Ak b Industrial land , :fif ] Warehousing land , 3% #2415 i #b Urban residential land, 4% ff 52 3% b Rural homestead

A FH b Barren 25 W Vacant land, ;84 Saline-alkali land , ¥ Hl Sandy land, #f 4} Bare land

R2 BERURMYELAHE

Table 2 The number of samples in each agricultural region

Ak X - 1 JE ()RR AR KR Number of samples in each class
Agricultural region P MR TR MM RN LR KB BB KA
Crop- Forest Cutting Grazing  Marsh Other Water  Building  FHb
land pasture  pasture grassland  grassland land Barren
N5l L 44 X Pastoral area in northern Inner Mongolia 100 50 400 150 100 300 30 50 50
A 52 R R Ak IX. Pastoral and agricultural areas in cen- 200 150 250 100 60 80 30 50 50
tral-south Inner Mongolia
WA =T IR 4%l X Songnen Sanjiang plain agricultural area 400 100 100 80 60 120 30 50 50

1.4.4 RN EEYE SR EHL(support vector machine, SVM )& —Fl 7E ML #5271 45088 )32 fiff Y
GRREEEE B a —AA eR RCKE B B ) v A A 2 ), O R A A )N SR A BRI R KA AN R 2K
S9N B AR 1) ol 19 S P10 1 T, A S B4 2 o IR BER I R A AR B e S SR RE T, RVl ZE R A R 1Y
b X RN B =TT Sl IX 4T RO R AL 1004 2247 ), tL R AR A B8 (RS 2

1.4.5 [T # RAL 34T 5 35 1) A H 2020.,2021 F1 2022 4 (14 32 8% M I 45 R — JF 5 A F) ArcMap 10. 8
B P EAT A3 RV GE T oA o % W0 3 PR S0 RS 14 DA X1 S0 1 DX S s Sl L 4T R W P 2 4R s S X
R 7 DX 3 S Ol [ 4T R

1.4.6 OREETPHY K 2024 4F (1 4T R 37 4 TR A 5CVE B R JBORS FE 1 B B0 R T4 A A sh i
T W7 B 4T 550 3 S 08 oAl 3t 40, SRS B DN I TR VA R B . B % B AR B (overall accuracy, OA) #l Kappa ZE

X 38 I 2 AT SR G AR

OA = X 100% (3)

2;’:1P”
N

1

K _0A—O. (4)
appa = 1—o.
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Table 3 Accuracy assessment of remote sensing extraction for cutting pastures

Al X Agricultural region SUAKS BE Overall accuracy (%) Kappa % i Kappa coefficient
N 52l L F 44 X Pastoral area in northern Inner Mongolia 87.16 0.74
N 52Tl g EB AL X Pastoral and agricultural areas in central-south Inner Mongolia 81.12 0.61
Pl = 717 JE 4l X Songnen Sanjiang plain agricultural area 77.10 0.51
2 B X B L General overview of semi-arid pastoral region 84.76 0.69

2.2 FTFFARRRITEG G EHRRKRIA

AR I EE R BN (R 4) T RHUX KR T R 1 1 AU T 794, 92 07 hm* . Horfr, g 58 4ty 63 4 X 10 47
Yyifn AR s T E AL, 3k 645. 39 U7 hm?, o SRR Y 81. 19 %6 5 P 52 i v R A AR A DX 4T B T AR IR =z, 3 108,96 T
hm®, b7 B2 13, 71 % 5 B 0= VI TR AR b DX Y B 1 3R Ak A% 0 -+ 43 7™ &, 4T R 35 1 A de /N, AUA 40. 57 75 hm?, (2
TRMX KARITH IR 5.10% .

A i ISR T 2 FRCIX T2 R 7 AL ) T A T R JSUORT L L R AT T RE B
o PP R A T BT AR A KL 3K 491, 84 U7 hm, (4R T oE T FEHUIX R AR AT FL G ST AR 61. 87 U6 5 Ik b F A A0
Yok M T ) D4 4T B TR AR O EOR 24, 43 B2k 100. 63 95 hm® 118, 17 J7 hm?, o5 He 43 5 R 12. 66 % (14, 87 % 5 a1l
by DA AT B AR D L A 66. 96 7 hm®, (5 FE 24 8. 42 %0 5 7F HoAth R M 2 AL b AA A B AT R QR T R R
FEwfa) B RS R JE R 2R AR 2L AT R AU AR 2. 180 .

T 5E AT B3 T 2h 4T B3 19 2 (8] A3 A AR DU SK 2 1 5450 X 4T 5 3 1 1 AR 1 477, 1205 hm, (5 4T 52
Y Bl R 60. 02 % s HLBh 47 5037 i T AR 3L 317, 80 5 hm?, /5 BRI AR AY 39. 98 % . [ EITH I B MAENZ h
AU T A DX I A 0 100 AR B | e L R B AR S Ay B ) AR b A A X T AL B T 3 DR H i B B BE AL L FE ST XN
Fb 35 22 1L 43 A0 R AIE
2.3 FEARLRRARITEG G H 45
2.3.1  PISE AU X R SR AT B3 40 A A% ) W 3R B 5800 60X R AR 4T #3743y LA A I
IR R 2 C 3a) AL B MRS 8l B L 15 22 58 A i Ak Tl o0 32 (181 3b) Y PG5 40 o FE R4 DLZR T P4 (18] 3a) , KARHT 5
5 BT AR 229. 05 05 hm, Horb [ 5 4T 553 123, 61 J3 hm?, MLSH T 553 105. 44 75 hm?, A Bl 26 A9 DL 7 55 R
(177.93 75 hm?) ALHb 7] (20. 27 J3 hm?) e P 75 f) B (17, 14 07 hm) AR A L #7550 (13, 7175 hm*) o
TEATE L 30 T A AR 3 g 3 R R GH8  Lah 3T 8 3 W 2wl A T AL JE 3 . I By fi & (R 5) 3
IR AT L TH AL e K (85. 21 7 hm?, (4 37. 2096 ) , 3 B T WAL i) Bt 3/ K2 e 38 7K A 4% 140 00 A X3 5 i 8 EL R TR A
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Table 4 Cutting pasture area of each agricultural region

TR 2R ZHAIX R fif M PERCA RO RMERE R R HAb
Types of cut- Secondary agricultural region Lowland Temperate Temper- Temperate Byl
ting pastures meadow meadow grass- ate grass- mountain grass-  Other
land land land types
FEFT R B M= VIF AR L X Songnen Sanjiang [ Area (X 10° hm”) 1.30 2.62 0.27 4.18 4.95
Fixed cutting plain agricultural area 17 5 Ho A5l Proportion (%) 0.16 0.33 0.03 0.53 0.62
pasture M52 L 4CX Pastoral area in northern i F2 Area (X 10" hm®) 41.43 60. 61 298.98 10. 61 0.00
Inner Mongolia JIF 4 L4 Proportion (%) 5.21 7.62 37.61 1.33 0.00
A 52 R IR IX. Pastoral and agricul- AR Area (X 10" hm?) 10. 87 6.27 19. 37 15. 40 0.25
tural areas in central-south Inner Mongolia i 1 |y 5] Proportion (%) 1.37 0.79 2 44 1.94 0.03
HLET#Y  FA =V Rk X Songnen Sanjiang i A Area (X 10" hm”) 3.38 7.92 0.66 3.24 12.05
Mobile cut- plam agrlcultural area Fﬁ- IJ_‘? H:,WJ PI‘OpOIﬁOn (%) 0.43 1.00 0.08 0.41 1.52
UG PASIUNE oty MM X Pastoral area in northern Wi Area (X 10° hm?) 31.56 34.77 154.71 12.72 0.00
Inner Mongolia BIF o5 He 19 Proportion (%) 3.97 4.37 19.46 1.60 0.00
52 R TR IX. Pastoral and agricul- TR Area (X 10* hm?) 12.07 5.99 17.85 20. 81 0.06
tural areas in central-south Inner Mongolia i 15 1y 5] Proportion (%) 1.52 0.75 2.95 2 62 0.01
(a) 11.6 E 11|8 E : 120° E (b) 1{0 E 1}2 E 1}4 E 11.6 E 11|8 E 1.20 E
| 146°N
S0°NF
46° N
— 144°N
448° N 44°N T E
a
48° N s :f,ivff 442°N
o O . 42°NT
W5 ALK X Pastoral area in \ W ZE it ALERIX Pastoral area in
northern Inner Mongolia - northern Inner Mongolia
0 80 km I 115 47 %37 Fixed cutting pasture 0 140 km - [ 7€ 41547 Fixed cutting pasture | f—
[ H1zh4T 3% Mobile cutting pasture [ HLahdT 3% Mobile cutting pasture
1 1 1 C 460 N 1 1 1 1 1
116°E 118°E 120°E 110°E 112°E 114°E 116°E 118°E

B3 HEHILBEXHRAITEG S
Fig.3 Distribution of natural cutting pastures in the pastoral area in northern Inner Mongolia
BET AR TE IR AR AR b R 55 R 3 GS(2024) 0650 5 A o b AR L JiC B 38 FEE A& B Produced based on the standard map GS(2024)0650 from the

Standard Map Service website of the Ministry of Natural Resources, with no modifications to the base map boundaries.

T F19 VG 38 R G T 0 S L X, P T A MR LM R 750 m DA b, SO A K A R 22, T Y T AR *axﬁszf"o
H R BR R (68. 60 J7 hm?, /5 29. 95%) , J& T 0 5 ) w0 I, Boa7 e U F & o H Al b X% T 5 3 44 BE T
KNI Sy < 3 B R R 22 18 (51,63 3 hm, i 22,54 %) (SR 5 % H ¥R (20. 10 J7 hm?, 7 8. 78%0) Jifg H /K IX
(1.29 4 hm®, /5 0. 56 %) A& /8 i g1 (1. 00 5 hm?, (5 0. 44 %) , F6 43 b X 9 KSR AT # b S i AR R 2 1,00 7
hm*,

TE LU MRS IR 2 22 ATl A Sk i o 3 (181 3b) 19 P 52 oy LA R DX P, R SR AT B35 i i AR AR 416, 33 7
hm?, H: i [ 52 47 5237 288. 02 J7 hm”, HL3h 4T #03% 128. 31 J7 hm?, 48 4% 256 8 DL IR R %5 7 (275. 76 J7 hm?) I M % )
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FLJF(78. 24 75 hm®) A Hb HEA) (52, 73 77 hm) AR LB 50(9. 61 5 hm*) o 3o [85E 4T 53 £ 20 A6 76 A L&
B MRS B AR S R OV D R O I B BRI AR T LT VL A b, ML B T R U S A3 A A P g A 1Y T
FHE IR A T R R AR . LA A (3R 5) AR S BRAR U0 1 A A K (181. 39 7 hm?,
di 43.57% ), P S ER R ILHE (83, 48 77 hm?, ( 20. 05%0) B AR ¢ 1T (63. 0573 hm?, (5 15. 1404 ) F kAl [ IELjEE (49. 36

Jihm?, 11,86 %)k =z, Higx it B A58 2 10 77 hm?,

x5 ARTLLBERAITEZER

Table 5 Cutting pasture area in the pastoral area in northern Inner Mongolia ( X10* hm*)

ATELIX FIHY [EEITHR Pl TTELIX I8y [EEITHR Pl
Administrative region wWE G s Administrative region W B R
Areaof Areaof  Areaof Areaof Areaof  Areaof
cutting  fixed cut-  mobile cutting  fixed cut-  mobile
pas-  tingpas-  cutting pas-  tingpas-  cutting
tures tures pastures tures tures pastures
R 5B ID i East Uzhumuqin Banner 181.39  132.29 49.10 || J3Je FEZCJE Sunit Leflt Banner 8.50 4.01 4.49
R 845 18 New Bal Tiger Right Banner  85.21  41.94 43,27 || @ % Xianghuang Banner 7.26 2.84 4.42
T S ER BRI West Uzhumuqin Banner 83.48  61.67 21.81 || 1E 4% (11 Plain White Banner 4.81 2.51 2.30
5 B /R B2t Chen Bal Tiger Banner 68.60  41.68 26.92 || IE ¥ Plain Blue Banner 3.72 1.48 2.24
By £ 1 Xilinhot City 63.05  49.03 14.02 || 7efl- ¢ % jift Keshiketeng Banner 2.90 2.10 0.80
B ELUR BE 22T New Bal Tiger Left Banner 51.63  31.65 19.98 || lUF T J# Siziwang Banner 1.42 0. 60 0.82
i) £ IELjifE Abag Banner 49. 36 28.89 20.47 || #EHi /K X Hailar District 1.29 0.29 1. 00
SRIETEE A iR i Evenk Autonomous Banner  20. 10 7.18 12.92 || BUR W 44T Ergun City 1.00 0.49 0.51
3 JEFE AT Sunit Right Banner 9.50 2.38 7.12
2.3.2 WS B IO IX B9 K AR AT B35 O A A% HYE 1E TSR DOFR L°F IR
J& Pl 42 P9 3l T R AOR X KR AT R 4y ONT .
N | . RECTIE oS Lieon
i o 1503 A AL 108, 95 77 hm®, Ho b [ 52 T 5135 Pastoral and agricultural areas ' >
) B . N in central-south Inner Mongolia
52.17 J7 hm?*, ML.3h 4T %37 56. 78 71 hm?, I B4 4ii 1F o [
T oy e A e " F . e _ 46° N Fixed cutting pasture
FLAEHE R B R U0 A7 BT HE BHR U0 A B O R R B P T N
s NI SR 2 Mobile cutti tu i
EIINTTIE IR N TR SN0 s 1 Y N Y Wy oprie cufing pastie
e
ARAT I AR B v A T R S R O B | I are N} “‘L
(3 i
li[ﬁ:ﬂé \j(/fl\%ﬁ:ﬂé \H?E’:E\‘%[Ziﬁo y\ﬁ*ﬁiﬁttﬂéﬁ :‘77 A_,"‘ 442° N
(6 R W l7 0 47 555 T BUR K 3 39. 76 77 hin' o s
NS RO X KRR R R R N
36495 . 2 0 45 EL AR A4 6 T4 BRI G S A1 I
iy SN NVl SN B S | R I A 1| IS L
12.94% .8.87% .8.38% .3.68% .1.83% ; H: ¥k j& il UNTUZE 1#E N€E N8B 0B 12°E

i, I 3w AR AR 29,21 4 hm?, 5 B R Y
26.81% , FEALHG LG Rt MRS T BRI A2
5 BRI 22 B A HEAE L, o L6 AR 22,26 %6
1.29%.1.23% 1. 14 % ;i Je J& %% W, FZE U5 R
JRICATEFTHE(11. 59 5 hm?, /5 10. 64 %) BHRIL A
B (11,4277 hm?, 5 10. 48%) A2 5 B (1. 80 71

4 AEHPEBUREORATEGZ S

Fig. 4 Distribution of natural cutting pastures in the pastoral
and agricultural areas in central-south Inner Mongolia

BT AR TR b v 4t PR 55 1R GS(2024) 0650 5 A v 4 P il 1, i
i BB . Produced based on the standard map GS(2024)0650 from
the Standard Map Service website of the Ministry of Natural Resources,

with no modifications to the base map boundaries.
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hm, A 1. 660 ) 45 Hb 5 H Al 4 DX A FT 55 37 4% B8 BRI Oy - B AR 8 B (10, 18 U7 hm, 115 9. 34.040) I 5K 5K 11 T
(3.06 77 hm’, i 2. 8106 ) 3 ol 4% Hlu IX f¥) K AR AT 0 7 B T AUEY AN A2 1. 0077 hm”

F6 ARLTPEBHRXIITEZER

Table 6 Cutting pasture area in the pastoral and agricultural areas in central-south Inner Mongolia ( X10* hm*)

TTEIX T3 R I# 5E 37 5 37 11 AR BLE T % b 1 7R
Administrative region Area of cutting pastures  Area of fixed cutting pastures  Area of mobile cutting pastures
FrUET Chifeng City 39.76 18.93 20. 83
[ MA7 jE Bairin Right Banner 14.10 7.84 6.26
fif 5B} /R W0 i Ar Horqin Banner 9.67 3.69 5.98
vo At FE I it Hexigten Banner 9.13 5.14 3.99
B4 bk A2 HE Bairin Left Banner 4.01 1.27 2.74
%5k #5 /i Ongniud Banner 1.99 0.80 1.19
WAL 77 Tongliao City 29.21 14.17 15.04
FLE 45 Jarud Banner 24.25 11.48 12.77
FEARER T Huolinguole City 1.40 0.85 0.55
BFIR 90 72 35 1t Horgin Left Rear Banner 1.34 0.71 0.63
BRI 22 3P Horqin Left Middle Banner 1.25 0.68 0.57
M2 Xing’ an League 25.69 11.00 14.69
BRI 47 3L FTE Horqin Right Front Banner 11. 59 5.01 6.58
LK U045 3 i Horqin Right Middle Banner 11.42 4.81 6.61
%% 5 HL Tuquan County 1.80 0.67 1.13
By MR ) ¥ Xilin Gol League 10.18 6.18 4.00
KA P=F1i# Taibus Banner 3.55 2.62 0.93
1E 4 (il Plain White Banner 1.94 1.06 0.88
1E 1% Jif Plain Blue Banner 1.68 0.70 0.98
V4 5 BR 20 HE West Uzhumugin Banner 1.48 0.89 0.59
K 111 Zhangjiakou City 3.06 1.05 2.01
FEf# B Kangbao County 1.35 0.51 0.84
T U B Guyuan County 1.30 0.13 1.17

TE  ATECX 5 2 90 25 B AT By BT SRR T L BN 3 9 T AT A, R T
Note: The second column of administrative regions are all county-level administrative units, which are subordinate to the non-split prefecture-level

administrative units above them, the same below.

2.3.3  AMCEITOF R A X K SR AT B 43 A 4 R P 5 R T A = T TR A X K AR AT 3 40 i
FT 837 1 BUAT 40. 57 07 hm?, Horp [ 5E 4T %37 13. 32 05 hm®, WLEh AT %35 27. 25 05 hm?®, 8345 78 VG 38N 52 7
FLG DX 2622 W, B e VA8 1 SRS Tl 5% 5 WA 2K T VAR T R R BR T, 35 R 1 el AR LT A AR T DU R
YR T A I . TR 7 LR & (3 7) , 2% T M 4T 5 3 T R e K, 38 16. 92 77 hm®, o F B — VP J 4Rl X R 4K
FI 5 S AR AL 7156, 32 B AL G HL I FR AR K W0 A7 B AT ME , 7 He 23 591 R 33.50%6 .6. 84 %6 3 FLUR R Uk i, 4T
R WAL 5. 6475 hm?, 7 BUHETER Y 13. 90 %0, F 2 AL H5 Pk g 17 (2. 5377 hm?, 5 6. 25% ) Fid@ i £ (1. 7575 hm?, /5
4.31% ) 5 Hofth 7 X B F7 5 3 1 LA /N, 46 5,00 J7 hm® LLR |, 4% B8 1 AR /MK IR R« # SR T (4. 88 05 hm”, 5
12.03%) FF M /R TT (3. 61 7 hm*, (5 8. 90% ) KK (3. 07 /5 hm®, (5 7. 57% ) 24611 (3. 01 75 hm*, /7 7. 42%)
AR TT (2. 1175 hm, /4 5. 20 %6 ) 5 A% 17 X A9 K AR AT B 3 BT AL AN A2 0. 50 77 hm'’
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3 Jtig I?ZOE 1?4°E 1?6°E 1?8°E 13'0°E 13.20E 13.4OE 13.6OE
3.1 #T¥EBEABMNGREALEFEESL (\_ 7 Lugon
fEF TR T S & R sy SON] AN S

b4 1 e A 2 I 45, 5 4 75 0 T i 2 , -

VBB AT LSS M TR T el DI FR PN
W T AT 2 B R R B , B Y R

B T 5 3T 20 41 B I e 2108 U B &g ST

B L TE M NDVIE AT S I 2 ke N S , [
B AT L2 T AT B8 25y T4 B F 2 K LR AT T R LR
BATALE JENDVI R R RORP B i b | -@}gﬁ; | -
T 0 R 9 ) 4 00 2 2 00 2 5 DR LY -;’;jg;ggpam
HNDVIE e 2 Bl 0L F 5 97 850 17 16 3% 2% 57 — N

P JEIHE BRI ONDVD OB TR 530 o e e
flb St SR AR S HE R s o Fig. 5 Distribution of natural cutting pasture in the Songnen

T 25 (8] SO 5 T, FUARE AR (% X)) 3 3 R Sanjiang plain agricultural area
S B T T R TE) B R AT, T R R ) H Y AT Y & HET B KBTI AR v b TR 55 199 35 GS(2024) 0650 5 A 1 B 1 46, Jig
SR 5 B B K R L GLCM 48 5 4 3 4 G (A B AT B M . Produced based on the standard map GS(2024)0650 from
= wl PR e Uz N

the Standard Map Service website of the Ministry of Natural Resources,
ol 5l A P
asm ,con . corr Fl var) g % A R HE 3X B A T4 BEAY with no modifications to the base map boundaries.

®7 MEZIERRYXRAITEZER

Table 7 Cutting pasture area in the Songnen Sanjiang plain agricultural area ( X10* hm*)

X FT L3710 PR I# 5 4T 0 75 [H1 R BLENT 535101 R
Administrative region Area of cutting Area of fixed cutting Area of mobile cutting
pastures pastures pastures
2442 Xing’an League 16.92 8.20 8.72
HLIHHFHE Jalaid Banner 13.59 6.34 7.25
BRIt A7 BT Horgin Right Front Banner 2.78 1.68 1.10
P13 17 Baicheng City 5. 64 1.20 4.44
Pk 7T Taonan City 2.53 0.82 1.71
1 i 2 Tongyu County 1.75 0.18 1.57
FAJRTT Songyuan City 4.88 1.25 3.63
AR /R B 52 01 % A iR B Qian Gorlos Mongol Autonomous County 3.04 0.84 2.20
FFFI /R TT Qiqihar City 3.61 0.56 3.05
Je 1T 2 Longjiang County 1.18 0.23 0.95
KEETT Daging City 3.07 0. 40 2.67
FEZRAA 4% 52 1l 1 F R £ Dorbod Mongol Autonomous County 1.38 0.17 1.21
224k Suihua City 3.01 0.90 2.11
M Heihe City 2.11 0.49 1.62
K 3% i TlT Wudalianchi City 1.02 0.27 0.75

IR s A L 2T OO vl T 52 PR AR I R e SR B SR ), LSO S AR O A L 1B M U R 2B A 0 IR
SN TS5 M R A7 52 R R 40 1 1) SRR AT
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FERE AT 77 1, 4T R0 20 e 90 58 35 09 220 PR AR PR B2 AR AR o 1 37 85 3 38 7 1941 19 ) — o B R
NDVI{E 2 F B, i AL 3h 11 5 37 W) A] 58 76 A [\) B 4F 3 58 2 W X — 4 . A B 2 i A 3 8830 il & R
(Sentinel-2 5 Landsat-8) , BE #%H MHEAH #23X — FUAHE , AT A 280 43 3 55 80 s i 0 BB DL R O st B R A B 55 1)
B 22 57

W Ah AT B 37 22 53 Al T M 51 1 Bl R A/ I DI, A T LA EN X EE L . 255 OB FRAE (I3 s )
AT — 25 HE R AN 3 R 3V Ml A DR Can ol DX BE 33 56 A ML B T RE XCI) i TH O ST S . ARG R Rl 2R
ia 13X B3 1 5 SO B I R S MR R AE A RLIX A3 T AT R 5 G AR ARL A A b G s R RS R AR ) R A R
(R B2 O X )

FLAT, BN OC AT R 8 BRSO N B =, R 2 B9 16 24 h e 4T R b 19 & 3R R RO A O
LTI BT R A B FT B 37 A 8] 43 A A0 T A 2 10 AE T X SE O FT AR O 0 VR M B S B A T
LG o ARG o A ST I R HTAY O vk e B T vy Y B IBOKS B2, BB A8 S T R Y e kL WP ST BRI ) 34 . X
— IR R X R R AR AT 37 T R R A AR, ) b B VR B A BERN PR P AR LA R SRR .

3.2 FikW L R R F

3 AR Y B IBORS BE 7 18T, AS I 5T 04 B MRS B A Kappa R B0 I8 81 R AP 7K o SR, 76 45 A lk X, 32 BOKS 1
FETET I 22 5 o Horb, Sty b Al A IX ) 2 JBORS B2 dc s, PN 55y v pig B 0AR DX 2 TS B = 7 Dl X ) 2
SPORT B2 e AR o 3 ol 3k o 22 S 1 L DXL AT BB A 4% DL LA - B A DX LA R AR W Jt oy =, M B 2R AU B — (I 3H HL AR
KZERRE PRI 73 2 2 AR 5 9 520t vl g i A DX DU S B Aol A Ol I ok 52 2%, ELAA A B SR A /N T
B Bl N AT 8945 00, 30 m 25 [ 73 B 24 14 38 S A0 LA A 12 336 B0 4071 5 I A I = VL SR ROE IXAE ) Rl 2 24
T ZE A 52 2% 43 BF 3t 5 9T B3 Z RIAFAE U IR VR N Z S8 A VRS BHE Oy X BUR &R0t ) i iy, ik — 0 3
TN o EMERE o b Ah ARl DB S B R R A TG 2 23 OAR R BRI R A3 B R SRS X /N b e Al
DAY TR RE ) A IR, ok 2 PR 2R A [] S 07 A6 T 36k DX 412 JBORS FAH 0 011K

15 3 [ I8 07 T, Sentinel-2 5 Landsat-8 $245 (19 I 7 fill & A7 RUEAR 1 = B 5 09 52 ) (B AE i o 2 22 X0,
AR e 11 )RR SR DA 5 4 B 3RE o A% R SR AN D vk (AN i A TR) B0 8000 470 ) T B 51 A RF ] 5 o ¢ a3 221, R
JEAE YA AL ST, O A A (435 A Dk 20 TTRT AR 3 0 55 AN A SR T SR o R shad iR [ A AL AR R
ik (synthetic aperture radar, SAR)"™ | H 254 KA WM BE ) , BEAE 28 15 = 2 AR U %05 B IR AL 2= @ B A 2 .
TEAR K il i 2545 00 3= 5 1 22 UERICHE O 1 2 R BE il R0k CAn i 23 T ALk ) A SRk — 2D 2 T 22 B DX )
PEoe e . A AR WESE BT 10 8 30 m 23 [H] 23 B 30 1 18 SRS AR, RO AR IDXIRE i BT Y 5 5K, (ELME LSRRk
Sy RO W A A A8 45 (AR 361 B A R R Rt Al 45 ), Al 25 PR G | A K 2RIk T2 A& (40 World View-3) 878 A #LiE
JEEAE 456 R PR AR T S R

E 38 A B 5 vk b, SVM TE R IR AT Fi 47 (1% 38 JEk 4 W v Ji 90 1 Wb 35 0 1k g 3 o 5 K A 40 288 ) ol 1) %
J R A% R B AR M W RE ) A RIX Ay T AT R S AL B A 2% S o SR SVMAE S — ML SE Y
BLAS 2 > BERY AT A7 7E [ A BB o B 8, SVM Iy 43 2K B8 I e FE AR T8 AR Ak, kLA L 3l 3 32 3 B i SUA5
Boo RIS, SVM AR BT b —F i A5 43 2 &, 01k B HE B 8] 3 21) B840 v 0% 2 25 A8 AR R, 491 G Xi) 361355 3 1 28
M ARBRAS G AT o B AL AR AR A = A B At o 4 AR AR 0 A5 B R A 2] 5 %l R AR B AL B L BB AE AE — R I
G b R AR AR A AR L LA A B v AR SO I SR AL S o SR, X SRR /N A A MR R A Ry UK, A S A A AR
B 500200 BE R X S AR AN 1T I A0 T () B, TR BE A S AR [ Q5 A 22 W 2% (convolutional neural network,
CNN) Fil K %8 13212 ® 4% (long short-term memory, LSTM) J""8E4% [ Sh 42 B £ )2 WHRE |, I 76 B 7 B4 20 A op
FEIL A H X R AR T 5 9 A R 3 8 3 S AR BR ] 1 AR B IRAA BR G Serh N T . A ZES SVM Y
R E SR 2 ) YRR AR BEIRCRE 7, [ i SHie IO e S8 1 2 25 A L RO T IR IR A 280, 9 A CNIN 2 BBOG
T — 2 6] B AR, 545 5 LSTM B 8] Fp 51 28 4L, e Je i A SVM #4770 2K 0 XA “CNN+LSTM+SVM”
HE SR A B A /INRE AR 25 A0 T DR AR 58 10 19 4 O[] Isf 52 X K1) 3610955 5l 1) sl 285 W0, Ay R AR 4T 75 37 1) s 40 A 4 B
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AT 5 S A B B A B0 i e 5 56
4 Hig

AT 5 3 T 22 5 A BB Bl A 5 1 X G A E vk A A SR I LAY 2R AR S T X IR [ 2 T R X K
SRAT B 25 (8] 43 A3 1 v G B S L . &5 51 /R R 5% XN R AR AT 503 ST AR R 794. 925 hm?, DAIN 53 AL 4k Xk
F (5 81.19% ), HEb A IR M R ok 32 5 (61. 87 %) o [T K45 (477. 1275 hm?) 4 h 70 43 FIPAS I AR 3 (B
B MRS B AR R, BB AT RE 35 (317, 80 J7 hm?) W) 2 B o0 A o L MR UK B o 84. 76 %6, Kappa & 8K
0. 69, 5 b 1 8 A B0d — BB R, JU AR N 2 AU TR XORS B 3A 87, 16 %0 o ASHIF 5T S R AR T B0 7 8 VR I B B
5T R S A AR AL T AT AR A B0 S A
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