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Ecological land stability and spatial pattern in western China’

DENG Shiyu', LIU Shaokun'~, HUANG Licheng’, LU Rucheng"’, LU Shengquan', DENG Yuan'
(1. School of Natural Resources and Surveying, Nanning Normal University, Nanning 530001, China; 2. School of Public Finance and Public
Administration, Jiangxi University of Finance and Economics, Nanchang 330013, China; 3. Key Laboratory of Environmental Evolution and
Resource Utilization in the Beibu Gulf, Ministry of Education, Nanning 530001, China)

Abstract: Western China presents an important barrier to maintaining national ecological security. Since the Western Development
Strategy was implemented over 20 years ago, major ecological construction projects have led to significant changes in the ecological
conditions and services in the western region. Exploring the ecological stability patterns in the western region is important for mac-
roecological land management. This study analyzed the spatiotemporal dynamic changes in the ecological land stability index in the
western region from 2000 to 2020 based on remote sensing monitoring data of land use/land cover. The results showed the following:
1) From 2000 to 2020, the total amount of ecological land in the western region decreased and then increased. From 2000 to 2010, the
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ecological land area decreased by 2 232.71 x 10* hm’; from 2010 to 2020, the area increased by 102.56x10* hm’. The spatial distribu-
tion of stable ecological land did not change significantly during the two periods, with stable ecological land consisting mainly of

grasslands and forests. 2) The overall ecological land stability indexes in the western region from 2000 to 2010 and 2010 to 2020 were

48.46% and 53.68%, respectively. There was a significant clustering of ecological stability indexes from 2000 to 2020. The ecologic-

al land stability pattern mainly comprised high-high and low-low clustering areas, accounting for 48.17% and 46.70%, respectively.

Areas of high-high clustering and high-low outliers showed an upward trend, while low-low clustering and low-high outlier areas

showed a downward trend. 3) The total cold spot area decreased by 1 026x10* hm’, and the total hot spot area increased by 206x

10* hm’, indicating that, while the ecological stability index in the western region was slowly improving, the agglomeration effect of

stable ecological land has also improved.

Keywords: ecological land; ecological land stability index; spatial autocorrelation; cold/hot spot analysis; western region
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Table 1 Ecological land classification for analysis of ecological land stability and spatial pattern in Western China
HZ5HIHb Ecological land k4= 25 I Hi Non-ecological land
— g b — YU
First level land type Second level land category First level land type Second level land category
FiH Forest A #Hh Forest land #kith Cultivated land 7K Hl Paddy field

ikt Sparse woodland
HAlb#ih Other woodland
1o R i P R
High coverage grassland
PP S B
Medium coverage grassland
VR o B
Low coverage grassland

T River

i Grassland

12 Wetland
WA Lake
JKEYLHE Reservoir and pit
TR APEKI N 25

Permanent glacier snow
Wk Mudflat
Wit Beach
% 4th Marshland

WEA ML Shrubland #EK Shrubland

b Dry land

W, TH . ERAM 34 FH b Urban land
Urban and rural land, industrial and
mining land, residential land Apt i R A
Rural residential area
HoAhH
Other construction land
AL Unused land Vb Sand
KBE Gobi

ELHg . Saline-alkali land
#R 1 Hi Bare land
i ==papisiil
Bare rocky gravel
HAb T )
Others (alpine desert, tundra, etc.)

11 Sea I Sea
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75 [6] B #H 3¢ 43 #T (spatial autocorrelation analysis)
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Table 2 Areas changes of ecological and non-ecological land in each ecological service function zone from 2000 to 2020

25 HIHb Ecological land A4 25 i Non-ecological land

AER AR S5 VheIX
Year Ecological service function zone TiFH Area gk T FH Area Hlib
/(10" hm®) Percent /% /(x10* hm®) Percent /%
2000 R AR EE T EIX 364.16 49.50 371.46 50.50
Forest Product Provision Functional Zone
B KU 7D T BE X 7398.36 39.73 11222.84 60.27
Wind Break and Sand Fixation Functional Zone
ISR IIRE X 14717.28 72.99 544525 27.01
Water Source Conservation Functional Zone
R BRI REIX 3321.78 50.83 3213.41 49.17
Functional Zone for Agricultural Products
AR I REIX 12 726.22 74.29 4404.56 25.71
Biodiversity Protection Functional Zone
T HELHFTIREIX 2391.11 65.59 1254.37 34.41
Soil Conservation Functional Zone
HRUIRBTRE A S PRI RE X 151.30 4921 156.17 50.79
Residential Security Functional Zone in Key Urban Clusters
/it Total 41070.22 61.17 26 068.07 38.83
2010 Mo iR R X 370.34 50.34 365.29 49.66
Forest Product Provision Functional Zone
B KU VD T BE X 6913.31 37.13 11 707.95 62.87
Wind Break and Sand Fixation Functional Zone
KIS DIREIX 14 720.99 72.96 5456.97 27.04
Water Source Conservation Functional Zone
R iR RE X 3311.58 50.67 3223.87 49.33
Functional Zone for Agricultural Products
AR IR IX 10 936.72 63.84 6 195.45 36.16
Biodiversity Protection Functional Zone
TR FFTIREIX 2432.63 66.73 1213.04 33.27
Soil Conservation Functional Zone
HRUREUE A PR DRE X 151.95 49.42 155.53 50.58
Residential Security Functional Zone in Key Urban Clusters
/it Total 38 837.51 57.83 28 318.10 42.17
2020 M BT R IX 370.83 50.41 364.74 49.59
Forest Product Provision Functional Zone
By KU VD EhRE X 7084.72 38.05 11 536.41 61.95
Wind Break and Sand Fixation Functional Zone
KR FR I RE X 14716.17 72.94 5 460.60 27.06
Water Source Conservation Functional Zone
=i E X 3282.49 50.23 3252.62 49.77
Functional Zone for Agricultural Products
Y Z R TIRE X 10907.31 63.67 622433 36.33
Biodiversity Protection Functional Zone
IR IIREIX 2430.12 66.67 1215.11 33.33
Soil Conservation Functional Zone
IS BRI AR X 148.43 48.31 158.83 51.69
Residential Security Functional Zone in Key Urban Clusters
/N Total 38940.07 57.99 28212.64 42,01

14 AR 25 SC IR IS — 2 K, A TR PR Rl .

MIRE 53 X 25 [H] 43 5 K FH (R 4), /KT FR ) fg
X AE P A B 30 e M AR 25 M e AR R K, 2000—
2010 4F A1 2010—2020 4 1 B 43 51 7 6L AF 58 X1
37.27% F1 38.17%; H Ik K E Y LR AP TR X,
P2 ) o5 BEHFSE XY 27.32% F129.11%. M 4% X
N MG B, AR i SR ) fig X8 R SR R AR
A M, HAy 6 XA PR3 IX 3k b e
B T RUPE T 43 X X P o A e R R v

IREIX, Wi EE 0 )k 88.58% Al 89.49%, iX 5 H:
L1 RE DX A HB 43 b Ak N 552 i R i A OG5 e M HE AR RR
FEFTA A DX, DK L e e o R SRR D) R X
PAHA 5 EC 3R 25.87% Fil 24.76%; e e T 1 78 B
7 A [ V0 Th B X A A A 43 X 34 A T R i A1 A
25, R M b X P T AR G R AR - R R T R
X, Fe i AV Z R R DI REIX o AR AL )
AB X ZE LUK = o R B AT RE, ok 32 2
JFH M2 s [ DA v Dl R XA L 3 A A S IR S5 1
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Table 3 Distribution of ecological lands in each ecological service function zone from 2000 to 2020

204F[H] £ fk
2000 2010 2020 Change
-2 e
ﬁk;m\H&%IﬂﬁbﬁE F A28 past 20 years
Ecological service Land tvne - o - oy - o - .y
function region yp TR e R e fiTgia ik g 4
Area Percent Area Percent Area Percent Area Percent
/(x10* hm®) 1% /(x10* hm®) 1% /(x10* hm®) 1% /(x10* hm®) 1%
MR AR T RE X b Forest 138.29 37.98 143.66 38.79 151.31 40.80 13.02 9.42
Forest Product Provision iy Gragsland 122.29 33.58 123.32 33.30 122.05 32.91 -0.25 -0.20
Functional Zone N
HEAMHM Shrubland 97.26 26.71 95.99 25.92 89.90 24.24 -7.36 -7.56
R4 Wetland 6.32 1.73 7.36 1.99 7.57 2.04 1.25 19.83
/Nt Total 364.16  100.00 37034 100.00 370.83 100.00 6.67 1.83
B AU D Ty B X b Forest 293.97 3.97 345.47 5.00 305.71 432 11.74 3.99
Wind Break and Sand il Grassland 651185  88.02 504932 86.06 619210  87.40 -319.75 -491
Fixation Functional Zone
TEAM M Shrubland 160.26 2.17 153.71 2.22 151.55 2.14 -8.71 —-5.44
R Wetland 432.28 5.84 464.82 6.72 435.36 6.15 3.08 0.71
/Nt Total 739836  100.00 691331  100.00 708472 100.00 -313.64 -4.24
IKIRIRSE T RE X b Forest 3607.13 24.51 369223 25.08 3673.71 24.96 66.58 1.85
Water Source i, Grassland 9255.20 62.89 8 939.80 60.73 9191.95 62.46 —63.25 -0.68
Conservation Functional
Zone #EABKH Shrubland 1.094.82 7.44 1153.12 7.83 1 086.45 7.38 -8.37 -0.76
R4 Wetland 760.13 5.16 935.83 6.36 764.06 5.19 3.92 0.52
/N Total 1471728  100.00 1472099  100.00 14716.17  100.00 -1.11 -0.01
A R kT e X HRHb Forest 682.71 20.55 846.46 25.56 837.14 25.50 154.42 22.62
Functional Zone for i Grassland 220427  66.36 1987.03 60.00 197932 60.30 22495 1021
Agricultural Products -
T ABKHE Shrubland 275.81 8.30 312.92 9.45 307.17 9.36 31.35 11.37
14t Wetland 158.99 4.79 165.17 4.99 158.86 4.84 -0.12 -0.08
/N Total 3321.78  100.00 3311.58  100.00 328249  100.00 -39.29 -1.18
YR DX MRHb Forest 2235.79 17.57 2327.39 21.28 2261.56 20.73 25.77 1.15
Biodiversity Protection  # s Grassland 844870 6639 629491 5756 630628 5782  —214242 2536
Functional Zone -
HEAM L Shrubland 1293.92 10.17 1338.19 12.24 1322.19 12.12 28.27 2.18
14t Wetland 747.81 5.88 976.23 8.93 1017.27 9.33 269.46 36.03
/Nt Total 1272622  100.00 10936.72  100.00 10 907.31 100.00 -181891  —14.29
TR RE X b Forest 539.35 22.56 568.67 23.38 568.20 23.38 28.85 5.35
Soil Conservation 4 Grassland 125469 5247 124329 5111 124098  51.07 -13.71 -1.09
Functional Zone N
HEAHM ML Shrubland 574.93 24.04 597.69 24.57 597.18 24.57 22.25 3.87
154 Wetland 22.14 0.93 22.98 0.94 23.77 0.98 1.63 7.34
/Nt Total 2391.11  100.00 2432.63  100.00 2430.12  100.00 39.01 1.63
G 4 YN b Forest 32.17 21.26 29.42 19.36 28.83 19.43 -3.34 -10.38
TRIEREX HiHh Grassland 103.74 68.56 108.39 71.33 105.90 71.34 2.16 2.08
Residential Security WA
Functional Zone in Key HEAHRHE Shrubland 6.45 427 6.18 4.07 5.76 3.88 -0.69 -10.72
Urban Clusters 1Z 3 Wetland 8.94 591 7.96 5.24 7.94 5.35 -1.00 -11.18
/Nt Total 15130 100.00 151.95  100.00 148.43 100.00 -2.87 -1.90

BE5 MR, LA O L JR b AR A k™
b, A GE G IR . BEARAE R B SE, B, B
M= SR ERAE TN RE DX . B KUE VR R X AP AR 5 X,
T A 2 P M v R B R AR Ay R > A > R
MRSTRHE
32 ASHMBEEMIEHREHTIFE

M2 5 A LAFE H, 2000—2010 4F F1 2010—2020
AF T R Hb X A= A FH M RE AR BSR4 B0 il R
48.46% F11 53.68%. 2000—2010 4F[a], + {47 Thfig

"/

il

X A SR YR B R, R 62.80%:; 7K U TR 3% D) REIX
Ph60.13% K 2 ; Je i B KUE VP DIBE X, 2 34.10%.
2010—2020 4F i), A& A58 M 48 B0 = 1 X% oy
KRR FEINEEIX, S 68.22%; T AR EIX k2,
1 61.67%; Fe Al R B A E P TIBEIX . 2000—2020 4F,
KR FRINREDC . A&7 LTI RRIX | B 2Rk
PR D e XORE AR S DR B D e XA AR S
AR E PERR B 2 T, fem oA S AR AL )
AEDX, BKOR 9.64%; M= iR AL DI REIX . Bl KU VD Ty
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2000—2010

I Kt Forest
Hiilh Grassland
14 Wetland
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[ #4845 2iiEX & Ecological protection function zoning
0 400 800 1 600 km

2010—2020

Il 3t Forest
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i Wetland
I viiA K Shrubland
[ A#M49TfikX % Ecological protection function zoning
0 400 800 1 600 km

B2 2000—2010 £702010—2020 EREHEAESAMZTE D% [ FES A GS(2025)0064 = |
Fig. 2 Spatial distribution of stable ecological land from 2000 to 2010 and from 2010 to 2020 [Censor code: GS(2025)0064]

Al DX 4 HE AR FE 0 BB X XA /NIR T B, 43 0 D
2.68%. 1.66% HI 1.12%. 2000—2020 4F- % {44 25 H]
RS E PEFR B LTt 5.22%, (HAT R M 55%, <1
TR DA A SO BRI R S, (R VG R AR AR A
SCH R JR AR AT, HE AR RS PR R HCH T i &

KIFEMFEIIREX . Y SRR TIREX . +
BARFF I RE X 3 A EBRE R RE /T XA A S
i RS M T8 FUOTE W A B T 2 DR R A KO, B A
50% Pk b, 4 R B AR 2 DR RR R . T
[ Ly 6 Ay D Ok A S R M B AR AR T A
g s AR TR AR D RE X 5 SRR LR DR R
WIREIX FE KL R 40%~50%, J& T 57K, 28 b i
/N, BT B AR MR AR 2 R G AR E DR PR R DA S
T3 25 [B) 7™ A% 11 - Hi 3% 4 i 5 30 2000—2010 4 By
IUIE VD Dy g X 5 A 7™ il B B ) e X P 5 A 3 T oA
Ay XA A RN G5, A2 75 T b RS e M S BB T
BARACE, ¥IbTF 40% LLR . 2010—2020 4F 0], 1
X2 B[] Y a4, B KU 7D D RE DX AR e PE R AT
R 1.66%, 4% 7= b AR LTI BE X A9 8 B0 A0 ) H B T i
KU 9.64%, J&5 & T8 B ah & 2045 4 38 E 2000—
2010 AFAHAGR K R, HE FH M e 45k, ki i AR
W 1) 4712 ok A b 25 HL At b 2K 19 R 4, 2010—2020 4
o M b TR, B AR ORI e Ab, IR 4 T &
JEE X i 2 2 R ) s i R R TR, 28 U AN
DA i AR v s 1A PR b i A T A o 4 v - i g
AR R .

HRAJE 23 (8] S AT RE AT SR i DA SRR T AT 1, 7E 7
A MRS DIRe X 1 LA _F A 10 000 mx10 000 m
B 19 4% 2 7] 2R 7T, A ArcGIS 23 [a] i 2 #5474 2 H

AR E MR B A, W R SR R DL B SR T i
5y HEERAT LK 3 555 6. & 3 Al B
st BEAS [R) et P 5 5 A 25 FH b 194 2 () 8 R 0 ],
R AR AR E 1 FH b £ v 78 P L8 5 AR 30, i e fe e
EPLETES . RS ARG, R EEHb K2
S ARTEPG AR AR AL, R A T B2, miasE
Hy X AR PR E R, AR PRSI A L
G T AR E T FH b D)2 7E 45 A 45 G0 FH 2 7Y
() A7, Ja T i Fe 1 A 2 F b SRR M R
25 FH b 1 2o 98 X3

M4 26 6 AT %0, 2000—2010 4F . 2010—2020 4E
VG0l DX 35 DA A R e PR A A R bR 32, 4 5 L
37.03%. 32.15%; FLURk A A 1 R L, o EE 43
9 18.29% . 24.51%; KA E P 5t 2 iy 16.83% .
15.04%, H e e Pk FH M 55 v Ao PR b o e AR O,
P~ B B AT B AR Ak, 5150 13%~15%; i i st 1
JFH 1 55 w8 B2 T FH b 26 AN [ AR B 38 m s IR AR AR
FEVE L RAREE L RS PR A A AR D B O
22 BTV 0 1t DX 1 A A R A B e A A T b S ) AR
TEE, B e AR 25 F 4 M AR BT A

A X s M 45, 25 KA X 5
HIX A RS . 20002010 4F 8], e AR A E 1 A
HTE M= AR HE T RE DX . B KU VD DI REIX . R ™=
PALTHREX . AW 2R TR X | B AR
NJE YR X ¥ )8 FOL# X . 2010—2020 4[],
P AR E M F M 34 X % A T Ay A8 Ak, A=) 2 6
PEORAP D RE DX P AR R AR S 1 HH b %) O 35 DX SR i v
Ft 2 e FH Ml AR B DX, B v AR A b AE 2000—
2010 4 A A 7K R IR 7 D) BE X s T UL #OIX (8 L
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R4 20002020 FRESRS RS KRR E LS AMAR
Table 4 Composition of stable ecological land in each ecological service function zone from 2000 to 2020
FEMK Forest B Grassland HEAK H Shrubland FEH Wetland A
P 24
e T oy 3 . . . . l:l-rl‘ AI:»‘IEI:E
i HEAS IS Ty X T A il ARPCpy T AP TR AEAN - o) Proportion
Period Ecological service rea it rea e Area it Area it (x10°  ofeach
function zone (x10* Prqpo}tlnon (x10* Prgpo}r}tlon (x10* Prqpo;non (x10* Prqpo}x‘non hm?) partition
hmz) 1r}t c hmz) 1r}t e hmz) 1r_1t c hmz) 1r_1t e /%
region /% region /% region /% region /%
2000 M AL T RE X 13231 38.63 11549  33.72 88.61  25.87 6.10 178 342.51 1.05
— Forest Product Provision
2010 Functional Zone
7 KU VD B DX 251.67 3.96 562436 88.58 116.21 1.83 35736 5.63 6349.61 19.51
Wind Break and Sand Fixation
Functional Zone
IR IR IIREIX 3 149.66 25.97 7 620.18 62.83 842.08 6.94 515.63 4.25 12 127.55 37.27
Water Source Conservation
Functional Zone
A7 iR REIX 57593 23.89 1559.99  64.72 168.90  7.01 105.55  4.38 241037 741
Functional Zone for Agricultural
Products
AR I RE X 206552 2324 514985 57.93  1159.00 13.04 51531 5.80 8889.68 27.32
Biodiversity Protection Functional Zone
TR FFTIREIX 529.90  23.15 1177.95 5145 560.97  24.50 20.57  0.90 228939  7.04
Soil Conservation Functional Zone
AR R SRR T BEIX 2691  20.64 9172 70.36 564 433 6.09  4.67 13036 0.40
Residential Security Functional Zone in
Key Urban Clusters
B AR X A L) 6731.89 20.69  21339.55 65.58 2941.42 9.04 1526.61 4.69  32539.47 100.00
Total (proportion is the total proportion
of the research area)
2010 MR AR R X 127.67  39.55 109.75  34.00 7991 2476 547 169 32279 0.90
— Forest Product Provision
2020 Functional Zone
5 KU VD D RE X 207.36 343 5405.51 89.49 85.34 1.41 342.16 5.66 6 040.36  16.76
Wind Break and Sand Fixation
Functional Zone
JKIEEFRIIRE X 342667 2490  8667.13 62.99 958.15  6.96 707.11 514  13759.06  38.17
Water Source Conservation
Functional Zone
A7 iR HE DR 77439 2547 185866 61.13 273.91 9.01 133.65  4.40 3040.61  8.44
Functional Zone for Agricultural
Products
W ZREPER D REIX 2159.71 2058  6139.55 5851  1241.69 11.83 95233  9.08 1049328  29.11
Biodiversity Protection Functional Zone
THELRFFIIREIX 529.54  23.55 117596  52.30 52156 23.20 2125 095 224832 624
Soil Conservation Functional Zone
AR BT A R BT RE X 27.06  19.20 10135 71.91 542 385 7.2 5.05 140.95  0.39
Residential Security Functional Zone in
Key Urban Clusters
AHGH HEAPFE X R L) 725240  20.12 2345791 6508 316597 878 2169.09  6.02 3604538 100.00
Total (proportion is the total proportion
of the research area)
x5 20002020 FEERRE IS K ESAIRTEEEH
Table 5 Ecological land stability index for different ecological service function zones from 2000 to 2020 %
H SRS ThBESY X Ecological service function zone 2000—2010 2010—2020 54k Change
P SR AL DI HEIX. Forest Product Provision Functional Zone 46.56 43.88 —2.68
B K& VS BIREIX. Wind Break and Sand Fixation Functional Zone 34.10 32.44 ~1.66
KR FE I HEX. Water Source Conservation Functional Zone 60.13 68.22 8.09
A= iR HEIHEIX. Functional Zone for Agricultural Products 36.88 46.53 9.64
Y ZREPEAR Y IIBEIX Biodiversity Protection Functional Zone 51.89 61.25 9.36
T HELRFTNREX Soil Conservation Functional Zone 62.80 61.67 -1.13
T A AR RE I AEIX. Residential Security Functional Zone in Key Urban Clusters 42.41 45.85 3.45
Hfk Whole 48.46 53.68 5.22
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2000—2010

G
Fasi PEAE YL Stability index level
I (5 F Extremely low stability
I S E Low stability

F Medium stability
I st High stability

I 0 b Extremely high stability
0 400 800 1 600 km

2010—2020

Fasi HEAE UYL Stability index level
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I (R S Low stability

Medium stability
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0 400 800 1 600 km

320002020 FAEFSAMIREREBERS M (FESAH GS(2025)0064 )
Fig. 3 Distribution of ecological land stability index levels from 2000 to 2020 [Censor code: GS(2025)0064]

26.38%), (A M F Hb 5 B 1 b B3 JE AR 34 X
V0 b XA 25 FH M e 1 45 A R 5k B S 1 A A
grAk, BB B RSO M FH A - AR R T RE X
PEgAIX, 5 He a5 R 31.50% il 34.20%.
33 ASHiEEMTEERS W
331 E£FAtREMEHTEBMEXSH

X VG 38 b DX AT A 2 R e M 2 (R R S 1T
3T, AR A (] /AH OGS SR 7 Frak, 2000—2010
AFF12010—2020 4F- Moran’s I 43124 0.849 3 £10.849 0,
H & EWE R, RUMR X AESRE RS AES
R

JriER S (8] F ARG/ Afr a5 S Aan &1 4 AT, AR AR e
P i - e SRR Y X I AR A T L RS B BRI
KR IR D) e X5 A ) Z R R P DR IX, DL SR
A6 B KUE VD Dy AR X, HAEPEHS . PH A6 A K IR
TR SR XA B A IR-IRER S X F B v ZE P AL
IRETRFE X 5 A7 i AR LD RE X . L &R B KU VD T
REDC . H AR PR AR ™ i SR AR Tl X LA K i )
SR B NS PR B D) R X S 1 3 IX R B A 7
VYRR A W Z AR ORI XS R AR AP X L AR S
TR E AR RF DI REIX . ARAGE KR IR X, AR RS
IRUETR SR XA B KRBT & L. B3R 8 R X R
R GEH SR AL - S E R A X 2010—2020 4
T B I 225%10° hm?, [A] HE 3 4 1.40%; 185 - (B S (5
IX A A7 75 AH [R) A T AR 0 Kk e IR IRE R X
2010—2020 4F [ AL 20 1 232x10° hot’, [ BE 0 20
7.25%; AR~ o B 5 1 X 52 T AR R
332 EXRAMREMEESAISW

TER ST HH B 0y ZE A -, 2E T ArcGIS Xf

VG B DX AT RS AT, R A A AR R 48 B
e ] Ly HARE RO, 25 R MK 5. £ 9 fiR,
Y R X AT 5 R SR A A R) A A AR, W
P TR /D, 20002010 4F 1 2010—2020 4F 1 £
F6 A3 3R 55.22% il 54.03%; AF 5 325 P m A & 4
h 44.78% F1 45.97% % pi X IHLL 99% 75 B X [
Hb DX Ry 2, AN B3 7R R A WIS X TR B AR
16% LA b5 #0i IXBAE FiT 30 L 99% 1Y B B X [1] 4
Xk 3, T AR A 12.40%, J5 3 DL 95% 1Y A5 IX
) Ml X A 3, AR G EE 12.19%., X ek it FR 3 A5 78 4k
5T, ¥ XU T A D 1 026x10° hm?, #4445 X 5
S TR i 206> 10° hm?, 2 BF VG 35 11X A 25 A e
16 B0 5218 H T A0 [R) e, e e A 2 i A 4 R Ak
IVRURENEr T

4 itig
41 EREVEREBNEEEESTENDF
BEEEENHM

AR 55 R X A 30 23 R B T A A T M A B
HLI 9 75 W05 T8, A 2SR PE AR By 22 A 2 AR S
B4 PR AP 5 Y B RO, O S M AT A% A TS
e 55 D RE 7 X AR SRR PR BB Ak, X AT T 28
[FZETt, PRI 10, £ RIIBEX T, AR i 42 {1k 2l
fE X5 4 S AR AR D B X T b = i i 45 282 ),
FEEAETIARE S VG 8w R S e, A
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6 20002020 EREDSEBRES SR ESAMEEEEHRSELER

Table 6 Areas and percents of different ecological land stability levels for each ecological service function zone from 2000 to 2020

AR A A AR E M AR SRR E mEASREN e A AR E M
Extremely low Low ecological Medium ecological High ecological Extremely high .
) HEAIREIR S 4N X ecological stability stability stability stability ecological stability &t
D w . . Total
Period Ecological service function A TR TR T i /(x10*
zone Area ikl Area ikl Area fiia Area ikl Area ikt hm?’)
[(x10° Percent/% /(x10" Percent/% /(x10" Percent/% /(x10* Percent/% /(x10° Percent/%
hm?®) hm?) hm?) hm?®) hm")
2000 MR AR LT R X 174.00 34.12 169.00 33.14 118.00  23.14 33.00  6.47 16.00  3.14 510.00
— Forest Product Provision
2010 Functional Zone
iy XU VD Dy BE X 10576.00 5879  2237.00 1244 135600  7.54 122600 6.82 2593.00 14.42 17 988.00
Wind Break and Sand Fixation
Functional Zone
TKUETRFE DI RE X 5226.00 23.54 342600 1544 357400 16.10 4114.00 18.53 5856.00 26.38 22196.00
Water Source Conservation
Functional Zone
AP AR HE T RE X 3344.00 54.52 1268.00 20.68 647.00  10.55 460.00  7.50 41400 675  6133.00
Functional Zone for Providing
Agricultural Products
YRR TR X 5740.00 3327 316500 1835 2462.00 1427  2710.00 15.71 3175.00 18.40 17252.00
Biodiversity Protection
Functional Zone
T IEREEDRE X 194.00  4.63 122400 29.19  1321.00 31.50 978.00 23.32 476.00 1135  4193.00
Soil Conservation Functional
Zone
TR B AT BEIX. 200.00  43.48 79.00 17.17 77.00  16.74 61.00 13.26 43.00 935 460.00
Residential Security Functional
Zone in Key Urban Clusters
41 Total 2545400 37.03 11568.00 16.83 9555.00 13.90  9582.00 13.94 12573.00 1829 68732.00
2010 M AR R RE X 218.00 42.75 172.00 33.73 71.00  13.92 31.00  6.08 18.00  3.53 510.00
— Forest Product Provision
2020 Functional Zone
i XU VD Dy BE X 10431.00 5799 217200 12.07 143500  7.98 1348.00 749  2602.00 1447 17988.00
Wind Break and Sand Fixation
Functional Zone
TR IR DI REIX. 4046.00 18.23 2745.00 1237  2973.00 13.39 3825.00 17.23 8607.00 38.78 22 196.00
Water Source Conservation
Functional Zone
A7 LT RE X 2957.00 4821 876.00 14.28 626.00  10.21 610.00  9.95 1064.00 1735 6 133.00
Functional Zone for Providing
Agricultural Products
YRR I REIX 3922.00 22.73 3055.00 1771  2764.00 16.02 3349.00 19.41 4162.00 24.12 17252.00
Biodiversity Protection
Functional Zone
T IEREETREIX 324.00  7.73 1237.00 29.50  1434.00 34.20 864.00 20.61 33400 797  4193.00
Soil Conservation Functional
Zone
TR B AR IIEEIX. 196.00  42.61 81.00 17.61 67.00 1457 5400 11.74 62.00 13.48 460.00
Residential Security Functional
Zone in Key Urban Clusters
41t Total 22094.00 32.15 10338.00 15.04 9370.00 13.63 10081.00 14.67 16849.00 24.51 68 732.00
RT 20002020 EAEFAMBEEEHENEBEEE BHEXSIT
Table 7 Global spatial autocorrelation statistics of ecological land stability index from 2000 to 2020
4 Period Moran’s [ 7z P AR Clustering pattern
2000—2010 0.849 3 312.665 1 0.000 0 R4E Cluster
2010—2020 0.849 0 312.712 1 0.000 0 RAE Cluster

P2 (B 23 AT R R, 228 23 DX N 11 500 3 41 1) ki
BRI, NJEH Bhx 4 7= i 6 25 X 225 ) 14 52 i 4
R, UG Sl A P B8 AN W 5K i T — S Y
AT R A AR HE D BE XA E MR RO

% 2.68%, T HLAKHE A AR BB AT S 55 AN B Y
LA AT, S EOX DXORARE PR MR HAY
DX, BT RO P R A A R A AR AR L D) fE
DXAEBT IR S PR R I 3T, AT &
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2000—2010 2010—2020

[ #2552 High-high cluster
I #6155 1 High-low outlier

[ #5-#%% High-high cluster
I 7i-f1%.5% % i High-low outlier
I -2 577 11 Low-high outlier I -5 579 1 Low-high outlier
[ M-I Low-low cluster < : [ 6652 Low-low cluster

[ REA 234 Not significant [ A% Ffr 5351 Not significant

0 400 800 1 600 km 0 400 800 1 600 km

B4 20002020 FASAMIBEERMRESTE (FESA GS(2025)0064 5)
Fig. 4 Local aggregation of ecological land stability from 2000 to 2020 [Censor code: GS(2025)0064]

R 8 20002020 FEMEAESREM=ERELB ST
Table 8 Statistics of spatial aggregation types of ecological land stability from 2000 to 2020

X B 2000—2010 2010—2020 254k Change
Region type [ig ditk T di b [ig:al Akt
Area /(x1 0 hmz) Percent /% Area /(x 10* hmz) Percent /% Area /(x 10* hmz) Percent /%
F-rH IR 421X High-high cluster area 16 122 23.46 16 347 23.78 225 1.40
Fa-fEAH S E X, High-low outlier area 84 0.12 106 0.15 22 26.19
-FH{HFE X Low-high outlier area 106 0.15 77 0.11 -29 -27.36
fR-ARE R AL IX. Low-low cluster area 16 986 2471 15754 22.92 -1232 -7.25
N2 X Not significant area 35434 51.55 36 448 53.03 1014 2.86
N 2000—2010 2010—2020

[ | ‘old spot-99% confidence
== ‘old spot-95% confidence Iy
[ | ‘old spot-90% confidence
]
.
[ ] > nce
I 65005 9 99% 19324 Hot spot-99% confidence I 57 99% (935,44 Hot spot-99% confidence
0 400 800 1600 km 0 401 800 1 600 km
= -

E5 20002020 FAKSRMRE RS R KZE 56 (FESH GS(2025)0064 5)
Fig. 5 Spatial distribution of cold/hot spots of ecological land stability index from 2000 to 2020 [Censor code: GS(2025)0064]

% 30 A B 2%, 20102020 4F Fa 5 M 48 B4R TR S5 DI RE X &8 T AE SR RS W], AT
9.64%, MEAIE T 50%. HFH X T B b X, 74 35 3 [X. S 1t DX P S L S R P S, AE PE AR M X A P AL 5 AR
4 = S ARG 2B D, AR 7 271.23x10" hm?, JCF A T A, S P A X 32 B A S oy
H 5 PG R X R T AR Y 10.83% X, 5 PG EBHLIX () 60.99%. %I X LL“ffir- g

FHRFFTNRE X . AR I RR X 5K B oA B FE A SO0, 2 1 X Y K A
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R9 20002020 FASMAMIREMIERS /AR ZEIT
Table 9 Statistics of cold/hot spots of ecological land stability index from 2000 to 2020

B 2000—2010 2010—2020
Confidence type T2 Area /(x10* hm®) 15 Lt Percent /% T2 Area /(x10* hm®) 5 Lt Percent /%
AHAT 24 Not significant 30776 44.78 31596 45.97
BEIHE N99%HAY4 5, Cold spot-99% confidence 11093 16.14 11437 16.64
BEAEE N95%HY 1, Cold spot-95% confidence 5530 8.05 4387 6.38
EAGEE N90%FIE 15 Cold spot-90% confidence 2439 3.55 2212 3.22
¥ R XTI FR G 11 Total area of cold spots 19 062 27.73 18 036 26.24
BAFE H90%AY# & Hot spot-90% confidence 3582 521 3998 5.82
BRI N95% A S Hot spot-95% confidence 6792 9.88 8376 12.19
BAEE N99%IH 4 Hot spot-99% confidence 8520 12.40 6726 9.79
LK HIFRA 1] Total area of hot spots 18 894 27.49 19 100 2779
10 20002020 £ ZAEBRFSINER BT EIEHR =@ ST
Table 10  Stability index and spatial statistics of each ecological service function zone from 2000 to 2020
" et et A e T
. A A i S A i A i
HE SRS TRE A X [iEA i bt Stability area Stability Low stability area High stability area
Ecological service function zone Agea 5 Area‘ proportion /% index /% proportion /% proportion /%
/(x10"hm”)  proportion
1% 2000— 2010— 2000— 2010— 2000— 2010— 2000— 2010—
2010 2020 2010 2020 2010 2020 2010 2020
M R LT RE X
Forest Product Provision 735.63 1.10 1.05 0.90 46.56 43.88 46.63 53.02 6.66 6.66
Functional Zone
i RV D D) B DX
Wind Break and Sand Fixation 18 623.50 27.73 19.51 16.76 34.10 32.44 68.80 67.67 20.51 21.21
Functional Zone
IKUEIASE IR X
Water Source Conservation 20 184.32 30.05 37.27 38.17 60.13 68.22 42.86 33.64 49.39 61.59
Functional Zone
A7 AR AT RR X
Functional Zone for Agricultural 6 535.60 9.73 7.41 8.44 36.88 46.53 70.57 58.65 13.37 25.61
Products
YRR DIREIX
Biodiversity Protection 17 133.57 25.51 27.32 29.11 51.89 61.25 51.97 40.72 34.35 43.84
Functional Zone
BRI AEIX
. ij’gﬁéhﬂﬁa. 3 645.59 543 7.04 6.24 62.80 61.67 38.90 42.82 39.88 32.86
Soil Conservation Functional Zone
AR B R BT R IX
Residential Security Functional Zone  307.50 0.46 0.40 0.39 42.41 45.85 90.73 90.08 33.82 37.72
in Key Urban Clusters
&3t Total 67 165.71 100.00 100.00 100.00 48.46 53.68 55.12 48.29 32.99 40.09

R B R S e 2R E AR AERRE R
A7 (Al AR VAR B s, JITE 50% LA o 2010 4F 7
Hderpode B 55 e B & €O TF IR AR S it vE KT
RGOS T E L), BRI I 2010 4F )5 7538 K0T
WK W B AR ) T AT S5 sk AR R AR K,
SV S XK ZE AR B, BT B AR 25 SCIAR HE T
P o K VR TR 3% T BE X AR B 2 RE R B Sl BE IX
2010—2020 4F-F2 2 1 48 B K W &2, 43 90 h 8.09%
F19.36% (£ 10), HAa e hah 4 5 bG8tk . %
I KRR A Pk 5 T D 2 DA B v e v s () 36 T
KRR S T B X AR AR S M =S Tl /D 9.22%, ke e Tk
23[R0 12.2%, Y ZFEHEOR Y T R X AR E P4

[0 11.25%, 1 A P4 (B 3 9.49%., 4
F5 Dy 1 DX U] 5 AR 2 114 e #4 32 IDX 388 v 1) 9] i
WA, RIT X SSRGS, /717
AWK R A L B R v A A
Bl XK AR 3877 B 3R LA K N T3 PR 22 18 45 D[R] X 3 X
ASTRE IS iR SR S R T —E MR .

7 AT 0 2y fig X DA Vb 185 5 R Jie Ry F2 b A, 7E
Hi 3 23 [B) b BB 55 b I N RV b X, o A TR
gL ONSn . HIEA . T E, &AM X R
18.81%. Fk [¥ VG B Hb X 1) Se e Ak e o0 7 L, MAF 5T
SRR A, & X B A 3 b AR M A ) b
309.25% 10" hm’, Yt/ 0 i B o P 3 b X BT ARL R 2.75%
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% 33%

X P R T RO TR o1 X R, 435l
34.10% £l 32.44%, Y4 F 40% LLR, X 78 30 1 [X 4%
A SRE RS A EEEW ., 2010 4F 5 A &) &
LR U A 3 Ak ) R v R EE R, AR H TV
TR X L I B R M 9 B AR E R TR AR S C 1Y
B DTGRP, AEATS AF 7E o 1 G0 WA A 43 A 1) B
S, MRS Iz X AE S R E R 54N

BB
ABTREMERAEB RGP RN IR Z —,

AN TR i A2 AR T e 20 DX T T B A A AR A% SR 2 A
BEB AT, FF M8 558 AR 1k, X4
A= A R 55 T RE 2 DX B A A e e b, IR TAES
b 7 SRR Xt A 2 AR R M R B i ML, A Ok % 0 Ml
S TG S b DX A S b AR e M Bh B AL 5 A
BYIRE s X AE S EBR R, AITE— 2 B E LR
) R UL A 2 P b A 5 R S5 ] A S A R
HAE R, BRTASREZHEEN ISR
HRRRA, ESREMR KR i —A TN T
A, TR 0 H 35 iR DL R A S AR R B R
AN T4 v 0 A 25 T RS e MR 2 1 T B S i
SR, Ay kB S b DX ) A AR M A R, 3 M X A
BRE AR5 B — A 5 MG B8 1AV FH AL,
HH A A 300 2 %o 2 O A 2 FH RS R 1 e B VR
LA, 2700 KA B S5 DI aE X E AR hE . A i
b DA R A R AR
42 AKREDHRESBEENESBZS SAXE

F R

PO b XA A AR P4 B0 2 IX B 2000—2010
AEFN 2010—20204F (5 PYARETEI AR 27.73% Fl 26.24%,
1 % B P S b DX A 2 1) 23 TR Ak TR A AR 1
FE VB A A A5 (0] A Sk 28 1) L 1K, B T 88k
W i f AR S AR MR RO B SR S A O, 30 2 il [X
AR K, AR RIS, BANA WSS
AR T R AR R G AR T SRR %5 P fig
) % ¥55  BUAR KRR 1 B R 40 kb == o] i
SEFRIE, PUHEHI X 2835 & 5 1 A s A m] 30,
VA 1 IX 38R 2 A R VG S i [X A 25 R BT A Y X
B, R AR S RRE T R AT . PR
e P4 a5 DX 3 ) A 25 R T4 e b X AR AR
P2 1 A T o 5 R DI O R R A G
Y.

IS AT T, ¥ 5 X0 32 B A AE T 58 X
eFRAe ™ PR HE T RE X . MR AR AR B IX DL Kb
HI B XU Vb D BE IX, 78 P4 8 A W) 22 B 1 T g IX

G A, AR AL AN A A R I RE X B A —
RO AT B A o A< dh S IE D RE X N7 PR Hb ] 1 b
RICARMRES & o BRAP LS B4 BN, 4% 57 BEAE &
[EREE SO SS -y  E W VR AT 51 B A M i
A FNE GRG0, W 570 K 4% AR SR
5 DIRE, PRAEAR ™ i A R4S o bR S A T fig
DX, FEART A [ 2 )AL 22 T 2 48 15 205K B Sk ik
b TRASZ AR 7, DLORAP R A5 BRI D i 4 4 B
T R bk 3ty G, o i Ak e 98 1D R A B A 4 A K
5 H A AR 2SR S5 T REIX RO GE A B . By UL 70 Dy e
D, AR i R R R A 0 A O A
RN S5 F, T 5 D ST LR Sy B0 1 i 1
GIT LS G R U AR L SN YD B E SR G,
JE A B 7 POR B AR v, 055 X 8 A Bl VR R
AR It 14 MR, o e A T % A I 1 43
AFEBE, AR B o 58 35 B3 BRAA 28 AT 2% 2]
P v XHUESRRENER ARy F TR E A=) 21
R EAR R B O W) Sr, (AT 00— 20 5 3%, I
TE SR I AL M) ZAEPE A S E AT AT IR T, 5% 3 2R
Y ZREVEGRIIE TR IR R, HE MG A PRIPIE A AL,
TR 22 5 O A W 2 REME R R RS e, 2 R A= )
ZREVERCIR G BT A, 57 LUE GE AR W Rk 3 D vh
D5 U RS RGOS G LS R, %
g5 1 fE 5 AR 2 B R T A R H

5 #it

ATCAEXT 2000—2020 4F PG 8 X A= 25 F Mo e
PR BCEATVEAR (9 B L, 38 5 V8 38 b XA 25 FH b
o M B A RRAE A B AR A5 8 MR 4R B0 23 [R] 43 A
fiE. EZEELT:

1) 2000—2020 4= [=] P & b XA 25 Hb 1 FHL 2
SEUE B ) #H, 2000—2010 45 (] AR 25 FH Hb T R U8
/1> 2 232.71x10* hm®, 2010—2020 4F [ AL il 102.56%
10* hm®. 2000—2020 4F= ¥ 4~ i B Ay et 1 A4 765 P
23 (RIS AR AR AN T B 1 AR 2 FH b B it T, 2010—
2020 4F T FLHE N 3 505.91x10° hm’, F2 58 1 A= 75 ] b
DLl 5 2R AR 32, BN BE 5 R T X AR
85%. MAIX 25 [0 73 5ok, 2000—2020 41 ] 7K 5
I D1 fie DX AE e PR A A8 R T AR ok, R AR )
ZRERAPTIREX .

2) 2000—2010 4E 1 2010—2020 4F FH 5 i [X 4% 44
A= 25 RS R R B0 B R 48.46% F1 53.68%.
AFRE T By =3 [\ A A 2G4 B s, 2000—2020
A SREM RS W RE; Rz A M

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

59

] KSR T A5 vl T G 0 DX A 2 P R 1 2 [ A U=y 43 A 141

AT L, A A5 MRS E AR SR A - v SR AR
XRG4 X0 35, 2000—2010 4F (5 #1597 X s 1
TR 48.17%, 2010—2020 4F i F2 /5 Lt 46.70%, 1= -
RAEIX | - H (DX A B R K- 4R
X, K- I X TR

3) A SR E PR s X R AL 102610 hm?,

S XS T BRI 206> 10° hm®, ¥4 £ X ds 2 243
AT TEVALFRA ™ ah SE AL RELC | A" dh SR AL AEIX
LA KA B B I V0 Zh BE DX, 78 75 & A= 40 2 R D) fiE
DX, AR ZR AL A A ™ dh 3R D e IX

H—

SE R 1 TR A, RN DX 3= 2 4 v e

A AR IR X S AR M 2R E R DI BE X . W
A W) Z AR PR OR AP D BE DRI ZR AL B BT XU Vb D REIX.,
[F] I 75 PG AR B A W) 22 R D B IX AT B A
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