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Abstract

The typical grassland, as the main natural landscape of the Inner Mongolia grassland belt, is an
important ecological barrier in northern China, and it is related to the ecological security of
northern China. In this paper, the Ujumqin-Undurhan transect, a typical grassland of the Mongo-
lian Plateau, was taken as an example. Based on the 6th TM data from 1988~2020 as the informa-
tion source, using landscape index method, we analyzed the changes of landscape patterns of the
transect and their differences among countries. The study found that: @ In the past 30 years, the
area of grassland and cultivated land in the transect showed a downward trend, while the area of
other landscape types showed an upward trend. Among them, arable land decreased most, at
31.48%, concentrated in the Mongolian section; industrial and mining land increased largest,
nearly 379 times the initial period, concentrated in the Inner Mongolia section. @ At the land-
scape level, the landscape fragmentation of the transect has increased in the past 30 years, from
concentration to dispersion. The degree of fragmentation is increasing both at home and abroad,
but the landscape pattern change in the Inner Mongolia section continues to develop towards
fragmentation, and the Mongolia section is fluctuating. At the patch type level, the index of each
landscape type varies, and the difference is obvious. The percentage of grassland patch landscape
in the Mongolian section and the Inner Mongolia section of the transect tends to decrease, while
the percentage of patch type landscapes in the rest of the patch type except for the cultivated land
tends to increase, and the change trend in the Inner Mongolia section is more obvious. ®) In the
past 30 years, the degree of landscape fragmentation in the transect has increased, especially in
the Inner Mongolia section. Besides the natural factors, human disturbance also contributed to the
landscape changes of the typical steppe in Mongolian Plateau, especially the grazing method and
intensity.
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1. 5|15

FFE ST P E Ry, BALESI R, MR EEN ROV E. ERE SRR
BHZ) A 400 J7 km?, (I ST 419% [1], A2 5 EeE R ORI 2R AL AR, R AR LRI AR
AT N R AR RG R, &A1 8.

FEURS = BE 0 S WSt A0 2 ) G5 AR AIE,  BIOK/IN . FROIR DA R BEBRAE 2% 18] L (o0 A S5 240 & 2], 2
FOWAERS A IZ 0 N BRI B2 —[3]. SO Eaes & iRk 4e 5o RS B, 2 21 S0 7
HBRHMIE, JFEN A FE S A A R ) T8 5 8 B AR AR[4]. BEE SOWAERFRIAW KR, H1F2 50tk
JRFEEH TR SO RV RHE, FFT 2 N TEHAS RE . EFK, BT EE A DR 2.
T8 7 0 RIS B RS SO S T T B, bR P R R T O B RSO R AT 43 BT A
A= R IS 2 —[5] [6] [7] [8]-
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TR, XA SRR AR [9] [10], P S MR B A D St v SRR SO (K R AL, B
WS R RN 35.1% [11], A EALT RS FRRE IR O, R 2 2 R GBI 58 (K [12]-
AR, WU DL RS A T SR R AT A 55 AR RN R R LRG0, 52
o DAL BB R A LR H i H[13] [14] [15]. Jyitt, FREEF AT S R
JE AT TAHSHIES, FH3RAF 17— MRR[16] [17] [18] [19] [20], AEAF B J5 SR [ 1) 22 55 43 Ak X 2
W FEF UL, BEFTIERUS T m FU R SRS B, AU TM B REEAR, IR a St e, ot SRR
30 EFAE SR A SO ) 22 57, 9 X B A 3 R PR SR SRR A AR R 4

2. fEXHER

FEAr A TSt R L R X, el E Rl . S E 5 e R, ARSI N
111°8'51.25", 47°56'20.13" (PG L) 110°1334.08", 47°13'58.02" (Fif). 119°13'25.31", 45°13'9.35" (% 1k)+
118°14'32.64", 44°32'30.8" (A:rd), Lok um A7 /e i 2 Sl A 5% ot [ 5 e A TS /v i A e [ 7 5 BR A0
i U 2 AR IR B AR A, BF 9T [X THIAH 9 69,850.02 km? (5] 1) Herfr, o [ iy 58 78 B i A7 My 23,148.19 km?,
R TN 33.14%, 52 [E BN 46,701.82 km?, [ URTHIA 66.86%. AFE 3 AL A TR
LR, HBPILE R, FE%EHE N 1005 m. B0 8 T RRE R RAEX, XFEMEK, '
FERAY, FREZER, 2PN 38C. MAKZEFTHEET7-8 A, ZEFHMF/KEN 216.9 mm
[21]. Ffy = ZAEYA 35 (Leymus chinensis). K#l>F(Stipa grandis). ¢ [G%H 3 (Stipa krylovii). K& 75
(Cleistogenes squarrosa)fl~} & ¥i(Carex duriuscula)®s, Hr2Eri, KREFSE. swREM P NEREM[22] [23],
TR IS o F, BRI B RIS L B IRES AE . A HERARIRAAR G, B & A
BILEARIT . BRIV RIAT . 1A
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Figure 1. The location map of the research transect
E 1l fiREEREE

3. HiENIBESFE
3.1. HIEkFESATE
AT FEINUERR AT 7T S S R s SN, BB GR B KA R IR 5L 2 T E R S HAE
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W AEREUTR 7. 8 H4r. W70 M SEE HUBT 47 7 (United States Geological Survey, fiifk USGS)4 5l 3KHX
1988, 1995. 2002. 2009. 2016 Fl 2020 4F 43 ##%H 30 m [¥) Landsat TM 52184 R E a5

SKH ENVI 5.2 BTG AT IR BEA B JUMTAZIE . 506 de. e, BETSETAREE. MR¥E T A
PR A ] 2 M B A B0 A 2 R N o ] [ A AL B B 1 2 F 2007 4E 8 10 HEE A KA (4 4
HURFH 73 98 22 42(GB/T21010-2007) ) [24] KW FEAE A BRI S2AR IRFAE, K FEAT SO SRR R 70 st . BF
My KIS R ERHL A TR RFH bt 5 A — WAL, PRI R M A TR FH A0 Rt A0
TR, R AR g0 . DR R 3 RS (% 1),

Table 1. Landscape classification index system

= 1 RUSLEEIRER

Nt T T3 X
Bl S DA KRR X, S P TR B AR . WA R
BHb FERIEII M, RFITR0. (RIRH. SRR, EmAS e, DURRRMENE.
K, WHRAATE, TR, R TR, K TR,
e L B, BEURIA S H.
LR T ST KBTI . B SRR RS .
A FRIERAE, UK KRR SRE . 55 26 85 R S b

ARA A3 il RIZNWE, MY REEAE 5%ULTN, G URANA 551 i T 2408 0 R T D 1
AEM SRR, SFPUKEBUK, AR FRAE, —EROKE B R RRAFHEY .

B AR 2016 SRR BGUAS, R T SR RE R, 40T 2016 4E. 2017 S 7~8 H xRN 4b
FIRERBEAT ScH R Y, U TR RSE . 25 LL 2016 fERIARIRLE R NS %, WHAL 5 BT,
SRIFFET 1988~2020 4 6 HH 5 M T 73 A1 Bl B AH . P S5 00 J8 1 i

3.2. HRAE

FT 6 WISRM A1, FIH ArcGIS10.2 XT 30 4F A7 A 550 UL IHI AR H AR A M B2 e AR Al 1t AT
griir, HAHE AT

V:a;Aﬂw% (1)

A, Vo SRRSO AR n IS n + 1 NHERARAGIREE, B A n + LI i SRALSOWEHAL, A A n i
W1 RO AR .
W)
AT,
A, VO R EOWIEIAR n IAE] n + 1 IR GRS, AS, Dy i RALSOITHAA n IFEE] n + 1 I
AT, AT, B n B 0+ 1 2 18]I a2
SOMTRELRENS = BEIR A SOWAS 5 S, IR B 45 A 2H RS RN 225 [ T B 075 TR AR AL P 147 B o B 4B AR [25]
5 32 BN FOIKFFIBE R A KA T SOWAS R A, ARTEFREAT SOUWSRAY, IR S ml N HOBI 7t SR
fili B, EFOW/KT FIEE AR ECE PR (NP) . S RBEHREU(LPI). SEEIR%(CONTAG). K&t
(Al R ZREEFRE(SHD)RIE R 5] B BU(SHED); BEHSRAL/KF Lk B P850 BEH B (NP) . BE

O]
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P FE(PD). UL 4 EL(PLAND). StALFIRFER(LS]) . B FFHE $(COHESION) MR & a5 (Al), Frf
F e Bt 5L1E Fragstatsd.2 5 o

4, RS
4.1, HHERMWEBTHFHE

FHFE7T 1988~2020 4F 6 BT HAR S BB AR (G 2) [ B H, BHWERERS 5 Eh R, o T A
f) 93.23%~96.79%, 1988 4F N AE, & 96.79%, 2020 4E/> ERAK 93.23%, EIFE/ kY, B
AR AR R, THIAR EL I FE 0.34%~0.64%, 1988~2009 4E#£E /b, 2009 4EH KA 240.45 km?,
2R RSN A 2020 4E ) 308.54 km?; /KK TEIFL 5 0.35%~0.66%, 2016 4F /K H A /N A 246.32 km?,
1988~2020 414 N 5 7y 36.30%; 1988~2020 4F 7 VA b th A sh UG A, AR AL B2 491 1.13 £
Foh SO SR BT AR SRR S 0, AR AT A 3 0 B B R, RN 379 fi%. I 30 AESK, HLHLAN
HEHE AN 2 R A, RO HA 77.66 kmPa t. 4.43 km?at, HAM SRR ALY £ EIb#aR, Hid
LB A K, Ny 29.28 km?Za .

Table 2. Area change of landscape types in research transect from 1988 to 2020
= 2. H75 1988~2020 FEEM AR EmAAT

1988 4 1995 4 2002 4 2009 4 2016 45 2020 4 1988~2020

FE O mm oWl mR el mE el mel E mel kel mR b TRRE
km? % Kkm? 6 km? o /% km? o % km® o /% Jkm? o kmma

#Hy 6760453 96.7853 67,148.31 96.1321 67,019.47 95.9477 66,878.54 9575 66,389.37 9505 65,119.55 9323  —77.66
Fih 450.28  0.6446 406.38 0.5818 348.77 0.4993 240.45 0.34 289.49 0.41 308.54 0.44 -4.43
JK fak 287.83 04121 349.57 0.5005 46350 0.6636 253.68 0.36 246.32 0.35 392.32 0.56 3.27
JREHL 1751 00251 2054 00204 2556 00366 3402 005 5714 008 9295 013 236
TH M 028 00004 030 00004 329 00047 2927 004 10209 015 10636 015 332

himih 47217 06760 60855 0.8712 71500 1.0236 1091.31 156 129790 1.86  1409.21 2.02 29.28

i

201.97 0.2891 346.81 0.4965 41146 05891 521.80 0.75 628.26 090  680.82 0.97 14.96

ML 81545 11674 969.56 1.3881 862.97 1.2355 800.95 1.15  839.45 1.20 1740.27 2.49 28.90

FE A M L, B SR AR AE R R (] 2)0 B 7 5y il i) LA B4 s 2 4k, HoAt
SOMRA P ATBO S . Jr, B A TR PUALER s ERAI . VPRI T A AR A R AR
FEd; Vb, TSRS TR AR RS KR R R E R A T AR .

4.2. RYBER EHREEL

FIH SOUKF 1) 6 MEHCE D HTRE s SOWAS SR AR GAFE. 2% 3 24 1988~2020 AT 5 AKE L5
MIEHCEN, LG I, PR SO R R A T IR, SOUIBEHAE(NP) B 1988 411 2613 /M
F| 2020 ) 3475 45 LPI{E%4k 1 H1 1988 ) 96.60% I [% ] 2020 4[] 88.44%; & 4E 454 H 1988
FE 1K) 94.95%k /1> 5] 2020 4F Y 90.85%; Al {E7F 1988~2020 £E 8] FF% T 0.14%; SHDI #1 SHEI {5} 7E 1988
AR, 43H108 0.19 #10.09, 2020 4E SHDI A1 SHEI B3NS T &, HAEH 58 0.35 A1 0.17. &k
K, I 30 FFEFET SOWBEH AR AW I, HORBEHFT & LN, RSO R R s R &
FEFRENR A FEfadca Tk, RS AR & T8 & AR 5] FERREOM 2 AR VRSB H0n 35 0 52 9
SOULE PSR AY 53 A ) 316 77 1) R e
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Figure 2. Landscape classification map of the research transect from 1988 to 2020
2. 75 1988~2020 FRU D AXERREE
Table 3. Changes of landscape pattern indices of research transect from 1988 to 2020
= 3.1988~2020 FF[E)HE TR WK FHEARHFE
RHIEFE bR
G
NP (1) LPI (%) CONTAG (%) Al (%) SHDI SHEI

1988 2613 96.60 94.95 99.72 0.19 0.09
1995 2775 95.66 94.13 99.69 0.22 0.11
2002 2962 95.74 93.88 99.69 0.23 0.11
2009 3125 95.56 93.68 99.68 0.24 0.12
2016 3277 94.83 92.79 99.64 0.28 0.13
2020 3475 88.44 90.85 99.58 0.35 0.17

1988~2020 4= HATRI A5 P 5 it B S WK T BRSO BB A an 56 4 BTz . 1988~2002 4B S5 (NP)
M 1145 MIEINZEE 1464 4>, 3| 2009 98/ 2 1434 4>, 2009 42 J5 NP {EIENE 2020 4E 1) 1757 4>,
b 2R . HORBEHLEA(LPITE 1988~2020 £E[E AW/, H 94.01%/K % 85.33%. K HIZHH
SRR, PLABEHR A E PSS, SRR, & GEE Fe B (CONTAG)TEHEAN I # H 92.24%7
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/D2 84.05%, A FETEE(AI N 1988 11 99.53% /> & 1995 4E 1) 99.42% 5 B A 99.44%, Ff 2002 4F
ZJEFRE TR 99.22%, SR B SRR FEFE R N, AEAS A SO K @ PR A R RN . R
PEFRE(SHDI) AN AR 35 5] B2 2L (SHE D) (2840t S A FE 717 PN 52 ol B MR e AL R P n i, & B AL 43
A 6] S51455 77 10) K o

Table 4. Landscape pattern indices in Inner Mongolian sample belt from 1988 to 2020
7= 4.1988~2020 F[AHFH A B R WK FHEFRHFE

FHIEFR bR
Fhr

NP (4%) LPI (%) CONTAG (%) Al (%) SHDI SHEI
1988 1145 94.01 92.24 99.53 0.29 0.14
1995 1423 92.14 90.23 99.42 0.37 0.18
2002 1464 91.50 89.62 99.44 0.40 0.19
2009 1434 90.80 89.08 99.43 0.42 0.20
2016 1664 88.81 87.04 99.33 0.50 0.24
2020 1757 85.33 84.05 99.22 0.61 0.30

1988~2020 4= JHRIFET 52 1l [ Bt soWak~F B st AR SR In 2 5 Fros. 1988~1995 4F. 2009~2016
FEDE B R (NP) 253, 1995~2009 4F. 2016~2020 4 S hnas, ik  2ehniass. & K3
FE(LPI) Sk b J5 36 m, 31 2020 45 208 T B# 42 89.98%, #&44& I 2yl /bita#h . & 4E [ 15 5(CONTAG) H 96.55%
BN E] 96.68%/5 k> A 95.27%, TAFEFREU(AN I ks>, 2B SO TR A P R Sk R
WK FRZHEVEFEE(SHD) A 5] FEFaH0(SHED) i sh A inta sy, W] 1988~2020 FEFEH 5 i
| B AL R R e B G 0, B A P S e e AR 2

Table 5. Landscape pattern indices in Mongolian sample belt from 1988 to 2020
% 5. 1988~2020 F A SRy E B R K FHEAREHE

EREOR{=Ea

A

NP (4%) LPI (%) CONTAG (%) Al (%) SHDI SHEI
1988 1473 97.89 96.55 99.81 0.122 0.063
1995 1359 90.94 96.65 99.82 0.128 0.061
2002 1506 97.85 96.65 99.82 0.128 0.061
2009 1702 97.92 96.68 99.79 0.125 0.060
2016 1619 97.83 96.59 99.79 0.129 0.062
2020 1735 89.98 95.27 99.76 0.180 0.087

RARKRE, T 30 SEFEHEE N AN RECFE B S 0, SRR B AREBIE AR 2, Sl 204
Yok JEass, RFBENAIMFIBRL A —8. HR, WRILERKE, NS B & fr sk
T R REAL T T R R, 5y [ B oA Jey it sl A8 4k, R BH N 20 BEZ B A R PR
4.3, BRERE X FHREZTWL

R 25 B He SR A ) B AR AR R E R (18] 3), 1988~2020 4F [] £ it . JE PR Al R Hb B B0 (NP)
FIPEHL 25 B (PD)HY K, BB AR (5 Eb B n, SR eI R AL R BT, b i R b BB B 81,
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Figure 3. Changes of patch type level indices of the research transect from 1988 to 2020
3. 1988~2020 £F (A R MBHR KRR FHEH LN

1988~2020 4B MR LBl S A LR B AL(LS) 2 E ke, Bt 2 Nk sh, HAahsowia Ba —
SE MR EN AL, To W] R A 34 TT ) o 22 WIS S P R SR B SO BREER 2540 B2 2% Ak, TARASE Ak
TR D) R 0

F R A R E(COHESION) LB A8 4k, i G HUAN T4 F Hhf¥) COHESION (BRI K, 2405 b
R, BREEEERER, KSR NI AN E, RN, EaERSA 5.
BN I SR BE AR BU(AN A BRI N &S, DRI, ARSI AL N AL BB G, R
T A AR SO SRR R o WO R T AR, PR B 2 A A D

1988~2020 “F 1 A AN E ZX K SO BE ALK Fa B b an 5] 4 PR . wI& HiAEH NP AT PD (17324,
FAASEAR—H, Ho Py Sy B ER AT R RO NP (B A1 PD {6 2 E 2R3N, SR AL B — 52
Mk sl, FARFOMIEALN] NP (AT PD (E ik =i 587 5 B Bh ity . v 3t P B B0 e 25 o
I, BEHBRREE R RE, AR E R ZL, HARsOW SRR TG AR, 1988~2020 4 [A] % 5oL AL I
AR I AT AN R, e r S ol B A R P ™ L

M 53 HL(PLAND) AR A AR, FEATEE A A RS BE SR I AR | e 3s 5 R Ry, Hh7EW
ST BUB AN, MR SO R BRI AR T S LU S BT, AR IR TE P SR BURLA 2
MESHTEARTEE(LS) IR A K, S B SRR TR & A A, SRR B IR
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Figure 4. Changes of patch type level indices in Inner Mongolian sample belt and Mongolian sample belt from 1988 to 2020
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