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Abstract

In this paper, using the land use data of Chifeng City in 1990, 2000, 2010 and 2020, this paper
analyzes the changes of the quantity, space and degree of land use in Chifeng City in the last 40
years. On this basis, the landscape ecological risk assessment was carried out in the study area.
The results showed that (1) the research area was mainly composed of grassland, cultivated land
and forest land, which accounted for more than 40% of the total area in the four periods, and cul-
tivated land and forest land accounted for about 22% and 14% respectively. In the study period,
grassland was the largest transfer, followed by woodland, cultivated land, unused land, construc-
tion land and water area. There are differences in the transfer of various types of land use center
of gravity in Chifeng City. The change quantity and change rate of land use degree of all counties
under the jurisdiction of Chifeng City are greater than 0, which indicates that the land use degree
of Chifeng City is deepened on the whole, it is in the development period, and the overall land use
efficiency is constantly improving. (2) Landscape ecological evaluation: The average ecological
risk index of Chifeng City from 1990 to 2020 respectively increased year by year. It is pointed out
that with the change of land use structure, the ecological environment security in the study area
will often deteriorate. According to the spatial difference of landscape ecological environment
risk, the ecological environment risk level in the study area is mainly in the middle risk and high
risk. There is no difference in the spatial distribution of landscape ecological risk in Chifeng City
from 1990 to 2020. The overall risk gradient decreases from the center to the periphery, showing
a “high-medium-low” spatial distribution pattern.
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Figure 1. Administrative map of Chifeng City
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Table 1. Landscape pattern index construction model table
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Table 2. Land use area and proportion in the study area from 1990 to 2020
= 2.1990~2020 FFARX E L FI A ERS Lk

B gt 1900 4 i Lk 2000 4 i bk 2010 4 Hkk 2020 4 ad

Bt 1744832  19.87% 1989270  22.65%  21027.49  23.94%  20650.97  23.52%
Pt 12416.33  14.14% 1244573  1417% 1958326  22.30% 1246252  14.19%
HHh 4712406  5366%  45149.62  51.41% 3600279  41.00% 4427277  50.41%
KI% 1636.49 1.86% 1547.12 1.76% 1610.47 1.83% 1519.44 1.73%

EBCHIH 1709.90 1.95% 1730.82 1.97% 1956.48 2.23% 1863.35 2.12%
AT H 7485.85 8.52% 7055.19 8.03% 7641.05 8.70% 7048.23 8.03%

Table 3. Land use transfer change in the study area
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A B Eyix) Hhith b i 7K, WM A FH
b 17266.24 66.68 93.81 3.96 13.67 3.97
b 141.20 12259.32 14.76 0.97 0.02 0.05
=81 2284.09 111.81 44683.36 5.07 7.11 32.62
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KI5 75.44 1.11 12.43 1521.27 0.57 25.66
B 0.48 0.03 0.15 0.02 1709.19 0.03
AT FH He 125.22 6.63 345.07 15.83 0.24 6992.85
HiHh 14926.04 1144.85 2904.43 216.49 478.45 222.45
R 595.59 9981.26 1687.31 35.07 43,01 103.49
=81 4513.36 8127.02 29126.21 171.99 287.08 2923.96
2000~2010
K18 273.66 4559 86.49 1044.80 9.53 87.05
i 322.59 66.53 182.19 16.18 1104.67 38.66
AT H 396.17 217.93 2016.04 125.93 33.70 4265.42
Hhih 15349.72 528.05 4137.48 261.41 384.83 365.57
b 1107.24 10121.97 8018.68 43.96 75.41 213.23
B 3284.99 1635.66 28897.00 77.65 205.31 1901.36
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Figure 2. Land use type gravity shift map of Chifeng City from 1990 to 2020
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19.53 km.
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1900~2020 4 & ¥ A L E o [ EE R T 1.09 kmo Fdt 1990~2000 4F [ PEiEFRE T 0.09 km, % # &
O R 2000~2010 4F @ M E QIR 7 M A WvE, IEFEEEEY 16.82 km; 2010~2020
SRV R O i) AL AT RS 1 17.82 km, %N BT 8 Ml E 0T RS SR DR I

S F b 2 O 3T RS AR

1990~2020 FARA L E O [ A ALiER T 3.11 km. Hirb 1990~2000 4E [ A AL 5 F3ER T 3.15 km,
2010 “EARF L E 05 2020 FHJE O ST EA, 2000~2010 4F A F) 80 1] PR FE LR T 23.42 km,
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Table 4. Change quantity and change rate of land use degree in Chifeng City and its districts
4. RETRESEX T A ARETLEMTHE

X1 1990~2000 AFfkF  2000~2010 AfkE  2010-2020  AFfLE 1990~2020  AFfLE

By &R R 4.05 2.00% 3.87 1.87% 1.03 0.49% 8.95 4.41%
U 8.95 3.69% -0.43 -0.17% 0.56 0.22% 9.07 3.74%

B A 1.90 0.95% 2.94 1.45% -1.82 ~0.88% 3.03 1.51%
B bR A 3.65 1.61% 4.20 1.82% -2.82 -1.20% 5.04 2.22%
W0 T 3.11 1.34% 1.83 0.78% -1.94 -0.82% 3.01 1.29%
FeAT v I I 1.06 0.52% -3.77 -1.85% 3.69 1.84% 0.97 0.48%
MPEE 1.71 0.76% 5.45 2.39% -5.25 —2.25% 1.91 0.84%
TIRE 3.87 1.60% 2.21 0.90% -2.36 —0.95% 3.71 1.53%
Fid- i 3.66 1.83% 0.89 0.44% 0.13 0.06% 4.68 2.35%
TLE X 3.50 1.33% 7.82 2.94% -3.97 ~1.45% 7.36 2.80%
ARITIES 2.05 0.75% 5.56 2.03% -2.16 -0.77% 5.45 2.00%
Fal X 3.16 1.31% 1.70 0.70% -1.62 -0.66% 3.24 1.34%

HRAE 2 4 SRF , 1990~2020 4 H ] 715 0 11 44 L DX i ) FH AR B AR AL AR (L R 3 KT 0, X R,
FRUGETH ) LR Sk B, iR e . R B ERRIOHE .. AU ERAE R SR, JuE
DORIZL L X R AR 2 K TP, X SR, X X 22 e K B s, R IEAE K
ABE RN AT e LR AR RN 1, TR, KRR KT 1, (HEAN T
PR, BT RES, RERGUET RIASA X,

S HISKE, 1990~2000 4 7RI T 4 X 5 R FH R B2 AR A B AR, ol 9 H A IX kB R TE
Ap Aot X B Ui, R R AR Rk B 8.95, (LN 3.69%, FLUGEFTERURIDHE . B TE.
TIREL . SRR, 705 X R R R A B O TN TSR s T ARAT R, S AT T I
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AN DX 5k A= b ) F AT R B A B R A i e R L DX R R R R B E AR XS RO, Ab TR R, AR
B ZI B iR, LRy 2.94%., FHEL T 1990~2000 4FZL (L X Rk PG L - b 1) F R 2 f Tk s A 2
K, BEANEUIOAE . SAREE . TRE AR L X R R R RS, A EER TR A b E .
AIX BRI KT 2,69, WAL T B K JE I .

2010~2020 “FJ[a], Ut AL T SR8 KR, T35 LR R B AR A7 -1.38 o rp s At v 5 T
FHEC T R0 E T AP R J, 2 LR P AR B AR B R ZU M X, SE i 2, m s TP, A
EHR 1.84%. MAHNTERIRICHE. HOOUE. SRR E N IR, RERMIR. HRXE LR H R
FERAE RS E N T 0, %KY BLX £ X 3 A Hh R i Ad iR B A s IR A (L 32 4).

5. Frlg RYEAS R I
5.1 RUBFIEHBEN I
(1) Tk R AT

Table 5. Landscape pattern index of each land use type in Chifeng City in the fourth phase
= 5. FRUETH A& At R S AR HEH

‘ \ - P e S0 B S
FURE HH L §§ EwE  ARE  GBE  THE  Ren
1990 1744832.07 5874 0.0034 0.0651 0.2033 0.0619 0.1086

B 2000 1989240.93 5818 0.0029 0.0568 0.3043 0.0794 0.1230
2010 2102691.15 3833 0.0018 0.0436 0.1857 0.0511 0.0987

2020 2065097.16 6267 0.0030 0.0568 0.2173 0.0620 0.1087

1990 1241633.16 7508 0.0060 0.1034 0.2149 0.0770 0.0856

2000 1244322.90 7480 0.0060 0.0515 0.1980 0.0563 0.0732

i 2010 1958084.91 4640 0.0024 0.0480 0.1090 0.0374 0.3561
2020 1246251.78 7709 0.0062 0.1044 0.2083 0.0761 0.0851

1990 4712406.48 4401 0.0009 0.0209 0.3074 0.0682 0.0987

2000 4514862.51 4433 0.0010 0.0219 0.5051 0.1081 0.1242

R 2010 3600278.55 4531 0.0013 0.0277 0.2703 0.0630 0.0949
2020 4427276.76 5414 0.0012 0.0246 0.3081 0.0696 0.0997

1990 163648.89 560 0.0034 0.2143 0.0193 0.0698 0.1290

Kb 2000 154702.08 531 0.0034 0.2207 0.0253 0.0730 0.1318
2010 160938.45 453 0.0028 0.1960 0.0180 0.0638 0.1232

2020 151943.58 546 0.0036 0.2279 0.0177 0.0737 0.1325

1990 170990.28 7545 0.0441 0.7527 0.1669 0.2813 0.1157

i 2000 173080.89 7519 0.0434 0.7423 0.1749 0.2794 0.1153
2010 195627.51 10115 0.0517 0.7618 0.2462 0.3036 0.1202

2020 186335.19 7746 0.0416 0.6998 0.1608 0.2629 0.1119

1990 748584.90 2565 0.0034 0.1002 0.0882 0.0494 0.1188

AU 2000 705518.28 2574 0.0036 0.1066 0.1187 0.0575 0.1282
2010 764107.29 2008 0.0026 0.0869 0.0819 0.0438 0.1118

2020 704823.39 2839 0.0040 0.1120 0.0879 0.0532 0.1233
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MR R B FEHORTE , 5 M SRR FE ) B N (B i P2 340/ 0.05, 15 BH AT 9 X A S MR R AL A
FERG, E % A AR P B AR oW P f i, (H 2 AR T %4 . 1990~2000 4R 1A Fi8 BB Ab i
B I FH 2R R g, 3R B TE S B B Y AT DR R A R RO, At SIS A R AR N AR E
2000~2010 £F 5 A S B EAL R BE 3 0, Bt . PRIt L KSR A ) P Bt ) RO R DU 26 B A FAAEG )
A%, 2010~2020 FHIFL X FEEHE S E—Br B, Bfth ARHE. 7RISR0 AR s e 5 1 DR (A
# 5),

MU B BEFRECRE, & oA SO0 7 B BE R 2 R ABOR, B 2 A Fsg iR, THIAR
N, HA8U A, o B EFRE SRR . 1990~2000 ARELM ., KRR R 52 NSKVEBhEEm, 4 2 B FR A
AR, R MR AR, 4> B E TR AN [, R IIBEHR ] EE4E /N . 2000~2010
FERIH A R O B R B, UGB ESHCRERESGOR, o Ah i SR R IR B Es, 2010~2020 AR5 BB
FH, BEH PR ZKISORIARI b 23 9 P i 5iH SR, b R A 10 P b 43 59 B i 8Os b (L 32 5)

ML AR EORE , S MR E BB A R E . 1990~2000 AEEHLAL A N I%, oAt
FARF BE S BTN . 2000~2010 4R v ML BE AR B N, o fhith 2835 R % . 2010~2020 AE kML, Ak
Hh o B AR AR B BT, KSR B F MR O R B . SOWAR A E FR B R T O S A )
HEM, B SOWMRAERAE N, SoARE R B AR (R 5).

FOWAAE RS W TR S ST BRI, M ERBNKREN A KA > Kig >
Bt > Bodh > bkHh > G ML BFFCI B S HE I SO TR FR U 22 A K, 1 F MW TE BN
W PR R, FEZHSTARMBERE H D, B AT E, 2RI T PR RO . Kk
AR FH RS R P AN 55 B A v, 2 AN TR AR, SR BEROR, B AkHb. BHLEEFEX S
AR = AN, 2 ARSI SRR i B, Bk B AR E (LR 5).

(2) SFOMAZS KU A RFAE

BT R RS AE S KBS IEN AR, TR 7T X = AN I 1519 MREIX A B RS R 2T 19, AR
7 DY/ 39 60 A 25 XU T BT 24018 20 531049 0.012234. 0.012516 . 0.012244 F1 0.012267, 1990~2000 Al
2010~2020 = bSt, Z5HRKE, BT Ll R 2 008, BT IX A A e A A

MR 6 43 A1 % R FH 2R B ) 5o AR &S AR R 20T 1, 1990~2020 4 4% b S 11 5500 AR 245 XU P35
{E#5)/T 0.025. HoHr, EARKIAARFI I o0 B4 2k B A i, (R R T IR XS BN, A Xt A5
AR B . 1990~2000 AFAF M. AR FH AT SR AR A KSR HC R B e g, T A
FUARTFN I A 25 R B AR EC T B, X RIAAE AR 24 IE/E St . 2000~2010 AEHdh . ARt R0 R ) FH 1 o0 AR
ST RCRN %, MieBsin, KR E A28, 2010~2020 AEHH . 55 AT/ s 5 00 A 25 XU 45 3
Ham, ARHBFIE B R R R, iR AR (L 6).

Table 6. Ecological risk index of each land use type in four periods of Chifeng City
= 6. FRUET UNETHAE A it 3RV A S B 15 2

i 1) i s L K3 HB ARFIH P {E
1990 0.0217 0.0130 0.0524 0.0023 0.0097 0.0217 0.0201
2000 0.0274 0.0139 0.0631 0.0025 0.0023 0.0100 0.0199
2010 0.0232 0.0170 0.0384 0.0025 0.0026 0.0097 0.0156
2020 0.0251 0.0129 0.0497 0.0026 0.0023 0.0097 0.0171

5.2. EEREEHNRESR
SRS EE DA IS 03 S5 0 A 25 XU PRI 2 YA, e ArcGIS 0P r ) o B 46 4 B V245 38 R 06 7 Y A e 34
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(1 A 25 AU 25 [ AR B, Hdaed B SR AT st 3 G FERI o9 S FAN S5 2 ARAEZS KUK X (ERI < 0.0081)
RS A [X(0.0081 < ERI < 0.0109) 7 4= 245 XU [X.(0.0109 < ERI < 0.0137). i 4 MUK X (0.0137 <
ERI < 0.0165) A1 4= 25 KUK X (ERI > 0.0165) (W] 3).

B A X
[ SR X
I RRRK
I e AR X
0 80 160 32\Em - %—m]}ﬁ[z

Figure 3. Spatial distribution of ecological risks of land use in Chifeng City in 1900, 2000, 2010 and 2020
3. FRlET 1900, 2000, 2010, 2020 £ HbF|FH A4 S ZE] 5

AT 3 TR, AT XA A ARG S5 2 T 2 DA e XU DM ey AUz X O o A% S WA 25 U A % T L
Mo A, BEAR EIRIETT 1990~2020 4 SEILAE S XS 2 (M A AAL R B2 Tk . vy, v XU X O A 7
WHFERE— /NS, B th rpoCo ) DY A B RE ISR, 2 B - b - BURY RIS R, BT IX
ARG R I A 74 78 B v A b XS A A KRB R o AR AR A 2 XU S5 0% X 22 A7 £ i 78 DX 4
WX, SRS B A KSR JUR AR o X 4 i S S (K> B 7y o FERT FEI ST
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FUX AL FEM . A AR R Mo B AT, TR AN A 1 b AR AT A B R ROR, B R R T
DX 33 Py A M 2SR, K] b 122 X Ak Ak T R R SRR DX o G A 2 R DX o XIS [X 93 A7 7 B 5 e
JRICHE P AR MRG0 AT AR B AU SRR B s At e e, s XU X
SIAAE AT TOIE . Fa XL AR e AR S R 20 P R S, T AR R [X 43 A7 2E AT 5 X 7
. PTERURIEALE, oAt EL R X LA X B —AN Xk, SmER -, Bl
AR K

(3) FMLAEAS KRS S5 AR5 H

Rt R ARG T AN R 2 AR 25 RS X AR 4L, X 1990, 2000, 2010 A1 2020 A= 25 KUK 2% 18] 434
BIEAT 22 (8] 3B, 453 7RIE T 1990~2020 4F % AR A8 KR S RIMTHIAR . ELil S R THAR T RE(L 4 71 35 8).

Table 7. Area and proportion of each ecological risk level in Chifeng City in four periods
2 7. JRUETH NI EA & A S XU S 4% T R R EE A1

AR S U 5 2% 1900 4= 5 2000 4 5 H 2010 4 5 2020 4 5

IS 2036.29 2.33% 1868.07 2.14% 1790.79 2.05% 2093.28 2.40%
B R 15157.86 17.37% 15058.73 17.25% 14915.48 17.09%  15171.55 17.38%
Hh RS 40029.48 45.86% 39445.95 45.20%  38812.78  44.47%  38390.46 43.99%
B R 28410.84 32.55% 28908.67 33.12%  29737.95 34.07%  29578.08 33.89%
e R 1643.49 1.88% 1996.54 2.29% 2020.96 2.32% 2044.59 2.34%

P22 7 AT ROTE DU B I FEIX A R X o P fe i, TR 45% 75 4, VOB R AKX, A
33% 25 AT, AR KU i XU X o BBl . 1990~2000 4EAF 7 [X. i AU X T R n, 36108 /v 0.41%, 34 i T
TN 353.05 km?, 42 2% KU (X T AR 498020 « 2000~2010 4FA KUK « B84 XU A0 v IR (X AR e 2 e >
WAL 2 518 77.28 kmP. 143.24 km? F1 633.17 km?, 41023514 0.09%. 0.16%F1 0.73%, 1 XK Al
KX 23 I3 0 829.28 km?® F 24.41 km?, (5 ELA I MJER A 33.12%. 2.29%H1 %] 34.07%F1 2.32%.
2010~2020 AR AU A KU X TR n, - 38610 733 2 0.359%F1 0.29%, [k b iy JRUKS: DX THI AR KRR S48 i,
BN AR Ay 23.63 km?, T A RS RS 7R R X T AR, /b THIAR 433y 422.32 km? A1 159.87 km?.

Table 8. Area transfer matrix of ecological risk grade in Chifeng City from 1990 to 2020 km?
% 8. FRUET 1990~2020 £F4E 75 KU B S R 4% 7 E AR LB R4 (km?)

A U RS R A Hh R B AR o A
GRS 1710.86 346.03 23.18 0 0

AR A 284.83 13862.78 959.86 3.09 0
HhRUR: 19.14 858.26 36736.62 722.09 0

B R 0 8.21 2262.67 26777.73 450.68
Tt RS 0 0 9.27 824.91 1189.85

PE5 8 T AR T A 25 UG S5 AR R AN AR I X 38 K, THIAR N 80277.84 km?, £ A THIFR 1) 92.22%;
A 25 PR S5 4 B A PR DX SR T AR 4267.29 km?, A= 25 JRUR: S T v 1) IX s T A A 2504.93 km. AT &
e A A AR DX 1 2R 2 KUK X e RS T A e 22 A B 2262.67 km?s LR B (R A= 25 KUK X % i o 2 2R
B X\ A 2 IR X ) 25 7 A 2 IR DX DA B e SRR [X i e v U [X e B, e R THI AR 4931 4y 959.86 km? il
858.26 km? 1 824.91 km?. FIHLZEHH : BF 7 3 IW) Py 708 i (0 XGRS AR XU IX TR o EL RS, (AR &
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(1) LRI ARG T : Bt BEHRAR R B T X 32 B, DU Rk ) 5 S TR 40% LA L,
Mt Rk ) o5 B2 5 22% 80 14% 76 47 o BFFCIX A 1 At o e e, LUCN /KIS, TR FE I 1B b i
Moaok, FLUONMRHL. Bt KPR, SRR KR, 3R A (e AR R E, R T B
FOIER AR T FERS, AR OB [ R i 4R 7 RS, b O A A P i ) AR AL T RS, KR
FOREAImAITE T, #EAMEOCRENILIRE T, KA EOBA R RIS ER T Wt
bR F B AR b R E 78 39 ) 7R e T A% A L X R PR R AR L BRI R KT 0, R IR T B
P bR R IR, AbT R ERT, SRTTALEERE N, AN, @S EAR R, Bk R
L E Nt

(2) FAASVEN M ARETT KSR B BT . B R, A S T AR,
ZNET IR R Kk, 215 A AT R R b SO0 2 R T o ph 3, A2 TR B i i
SRR R K. SRR, FRIETT 1990~2020 45 1A & R T8 B0 S48 4 B NIZ4E BT, RARES
T R SR, TER X AE S AR TR . FE A XU 25 18 2 SR, BF 78 X AR 2 KU
St 2 B A XU XN s ARG X O 2. R T 1990~2020 48 F WA 25 KUK 25 18] /0 AR AL I T 22 5
B R H O 1) DY BRSO, B B - R - BT SRS R . ARSI T X SR A A IR X
BEAEAN 2 R, B T Ak R B R ) AR A5 U T 8, DR E X S A 78 RS54 & &0 KRG 1 1M
R
@ BRI AR, AER R A R R R R R . A B - MR R T+
MBI AIR D, R E AR EIHERE R, BT B R R R, R AR . L BT
RIS R A R AE o W 8 XA AR A - T AR £ 7 A T AR 8%, AT S Rl 2 (R 8 B L -
BIEESE, Bt R AR A R AR RS e

@ AESAMENUGILE CRI T FHIFORI AR 25 07 D R P55 EAE A o A M I i et AR S B AT itk
T4 R IR AME HE TR, DAokcst - SRR R R GR A . AR M AT DIOE S AR A ORI AN L AR 4h
. EEAME . B RSS2 R Nsesl. UL 7 Z e AR R BRIk R, IR 5 2
T UL REAMR S, @SR SR AR AL . 5N SHMELE], T LS A e 2 5 AL
R R AR ORYF, Wk SR 503 R B Al HH DTk

#FEmE

B K | AR I 401 H (NJSZ20017); W HIRIX H AR EL:3E 4101 H (2020MS04019); 4 5 i ifivis
RE R ZRANA R IE 25 H (2018YIRC039) -
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