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Abstract ;. Exploring ecological land stability pattern is of great importance for regional ecological planning and management
in the context of the dynamic development of urbanization. Based on the data on ecological land use in the Beijing-Tianjin-
Hebei region in 2000, 2010, and 2020, we extracted the stable ecological land in 2000—2010 and 2010—2020. We used
the ecological land stability index to describe the spatial and temporal dynamics of ecological land stability. At the same
time, we analyzed the spatial pattern of the ecological land stability index. Finally, we utilized the geographical detection
model to explore the influencing mechanism and regional differences in the ecological land stability. The results showed
that; (1) the area of stable ecological land decreased in the two periods, which were more in Inner Mongolia Grassland
Ecological Zone and Yan-Taihang Mountain Forest Ecological Zone. (2) Ecological land stability indexes were 90.85% and

83.86% in two periods, which were higher in the northwest and lower in the southeast. The area of the grade of stability,
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which is named extremely low and extremely high, was the most important from 2000 to 2010. The area of the class of
stability, which is called extremely low, high, and extremely high, was similar from 2010 to 2020. The ecological land
stability index had cold/hot spots. The area of the hot spots was more in Yan-Taihang Mountain Forest Ecological Zone and
Inner Mongolia Grassland Ecological Zone. The area of the cold spots was more in Beingjing-Tianjin-Tangshan City
Ecological Zone and North China Plain Ecological Zone. (3) In the study area, the explanation intensity of the elevation,
the slope, the landform, and the soil factors was higher. In the plain area, the temperature had the highest explanatory
power. The geographical and social-economic factors also had superior explanatory power; in the mountainous area, the

influence of GDP, population density, settlement density, and road density was more pronounced.

Key Words: stable ecological land; ecological land stability index; cold/hot spot; geographic detector
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Fig.1 Administrative zones & Ecological zones
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G T AR BN TAE S — 25 B0 R R 12 550 78 Sl DX A B /KO-, 285 5 s X Sl B s A
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Table 1 Description of data
Bl flig Vig = P/
Data Description Resolution Ratio Source
A SRR R
GlobeLand30 4 Bk Hi 26 78 35 30m HI4& http ://mulu. tianditu. gov.cn/mapDataAction.do? method =globalLandCover
Landuse 4
Bl
oA e ) - i NASA ) LP DAAC( Land Processes Distributed Active Archive Center) 5
Geographic data PR DEM) /008l 30m it B5% htps://Ipdaac.usgs.gov/news/ release-nasaDEM-data-products/
ok T AL (FAO) A4 oy [ B Lt FH 28 SE 52 (TTASA ) F S A9
AR 1000m it 5 43255040 )% Harmonized World Soil Database version 1.1, HWSD
" U, B . i E IR R AR 5 2 B I il 42 A RS (L BHR
i | s s
WP ER RS 000m Af#,2018.D01 :10.3974/ geodbh.2018.03.16.V1110)
A A FRecih L2 B 2 B 2 http . //www.gscloud..en
BRI T 56 ] [ SR AR SR BEUR (NOAA) [ R BRBE 7 rh o 1)
S Climate data ERRRKE SRR 1000m & 3 (NCET) (NOAA-National Centers for Environmental Information , https : //
www.ncei.noaa.gov/ )
A2 Ve i . ATBUAAGE AR A/ v R A B B S PR B R 5 rh O B R 1 25 [
Socio-economic data AHEE GDP SR/ 1000m B Bagiitiinsci
SR/ A A SR N
SSHBE Traffic data % ERSTETE NEE Kb ?’;)zgsigt;;e‘ztg;gg OSM) i (https://www.openstreetmap. org/#mapl/4 5/
JEDC AR PR IX ’ ’
TR N e L g e
Plant data FERE T R BU(NDVI) 1000m % R B R PRI A R B (R 2 ] A e
IS E = 11 (NPP) S00m & MOD17A3HGF Version 6.0 7= ( https://Ipdaac. usgs. gov/product _

search/? view =listhttps ://Ipdaac.usgs.gov/product_search/? view=list)
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211 SRS ARAR L

2000,2010 F1 2020 4F 5T HEFE M AR 25 F M 25 ] A A e 34— B0 (3% 2) , R 7E N 5oty R AR 28 IR e L -
KAT I AR ZS X, 55 6/ B % ot R 3 Tl A 285 ORI A B DA 25 DX N ) R 3R v it s o X 25
FH M B SR ST J5 R ATHAD Y 13.46% 10 hm*, S5 AZRIH 5.46x10*hm*, A= A5 AR 8l E B AL R AE N Sl
AR IX X 5 K 8k P % 4 1 B 56 A OG , B R S R A AR LA AR B A LA R T
POPE TSR A RRAE DRI DX A8 P 0 A2 285 FH b I8 Sl TP 5t o 5 O 300 A 25 T b g A8 A A/ I | AR e 7R 0 el 3% o5 91
oo U, 2% 2825 2 FH b A A% 387 LR b R e b P 3 2 B oy (0 3 BT MO 2l A8 55 T . AR AR A I b AT AR
A A A 25 P T 5 | 2 B R B Rk b R S v v 5 I T L R (TR 2)
2.1.2  FROEMEAES b 23 254k

2000—2010 1 2010—2020 4F- 5 HEFE R PEAE S MR PG b (L X R4 | AR B /b & ofm (| 3) , wirdhl
o M A S F LS i 2T 733.83% 10 hm? , MREC ML AE L rp (7 4 X6 32 5 | LUK 99.33% , VEE A A s N o 1A AR L
BN 0.14% F1 0.52% ; Ji 91 2 P A= 25 1 s/ 2 688.71x 10 hm* , ARE AL D3 5 LT A 99.23% , #E A MK
Eb T ARG 1 — s B TR AT, Y b DU A X 38 H = T A L AT AN 2 1%, W B e P 2B 25 FH Mk 2>
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Table 2 Types of ecological land in different zones

ArIX KA 2000 4 2010 4f 2020 4
Zone Type HEY/x10*hm? BB WEY/x10'hm® KB TEEY/x10*hm? 24|
FUHERTTAE S X b 2.28 19.29% 3.10 24.50% 3.19 22.85%
Beingjing-Tianjin-Tangshan Urban Hi 5.29 44.67% 3.72 29.37% 6.21 44.49%
Ecological Zone HEAM 0.00 0.00% 0.00 0.00% 0.00 0.00%
T 4.26 36.04% 5.84 46.13% 4.56 32.66%
Nt 11.83 100.00% 12.65 100.00% 13.97 100.00%
AL A A X b 0.94 29.35% 1.03 31.31% 0.92 18.73%
North China Plain Ecological Zone EiHh 0.44 13.62% 0.40 12.12% 2.16 44.27%
HEARH 0.00 0.00% 0.00 0.00% 0.04 0.84%
B 1.83 57.03% 1.86 56.57% 1.77 36.16%
N7 3.21 100.00% 3.28 100.00% 4.89 100.00%
FELL-RAT LU Ll AR A 25 X MR 403.28 56.86% 405.46 57.37% 407.91 57.68%
Yan-Taihang Mountain Forest F b, 303.50 42.79% 297.84 42.14% 295.82 41.83%
Ecological Zone HEAM 1.94 0.27% 2.37 0.33% 2.28 0.32%
b, 0.59 0.08% 1.14 0.16% 1.19 0.17%
/it 709.31 100.00% 706.81 100.00% 707.20 100.00%
Mgl RS IX b 12.44 14.91% 12.89 13.08% 11.77 13.12%
Inner Mongolia Grassland Ecological Zone — HiHl 70.34 84.33% 83.99 85.29% 77.30 86.16%
HEA MR 0.41 0.49% 0.51 0.52% 0.42 0.47%
TR 0.22 0.26% 1.09 1.11% 0.22 0.25%
/Nt 83.41 100.00% 98.49 100.00% 89.71 100.00%
At Total 807.76 — 821.23 — 815.77 —

B2 2000,.2010,2020 £ ftth AT
Fig.2 Land use type transfer in 2000,2010,2020
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x3 FRESRBEHESAMAK
Table 3  Types of stable ecological land in different zones

2000—2010 4F 2010—2020 4
43X Zone 2 Type
T AL/ hm? Lt 3] T/ hm? Lt il
SRR T AR A X b 17683.2 27.04% 19381.14 27.48%
Beingjing-Tianjin-Tangshan Urban il 22583.52 34.54% 21633.48 30.67%
Ecological Zone TEA M 0 0.00% 0 0.00%
T b, 25120.08 38.42% 29515.59 41.85%
/N 65386.8 100.00% 70530.21 100.00%
fedb P EA AKX I 8795.07 38.75% 7375.95 40.79%
North China Plain Ecological Zone b 2651.4 11.68% 2040.03 11.28%
TEA M b 0 0.00% 0 0.00%
T b 11251.08 49.57% 8667.72 47.93%
/N 22697.55 100.00% 18083.7 100.00%
e -ARAT L L AR A ZS X b 3800370.69 58.65% 3595829.49 59.64%
Yan-Taihang Mountain Forest Ecological Zone — Hiifh 2670576.39 41.21% 2421246.42 40.16%
HEA B 7602.39 0.12% 6167.61 0.10%
T 1283.13 0.02% 6006.24 0.10%
/N 6479832.6 100.00% 6029249.76 100.00%
52 B AR AR X it 113035.77 14.67% 87482.43 11.37%
Inner Mongolia Grassland Ecological Zone i 653663.43 84.86% 678761.91 88.24%
TEA M 2804.76 0.36% 962.37 0.13%
T 800.01 0.10% 2009.88 0.26%
/N 770303.97 100.00% 769216.59 100.00%
A1 Total 7338220.92 — 6887080.26 —

2000—20104F : ¢ 2100—20204F

3 2000,2010.2020 FREMESAMEE S 6
Fig.3 Spatial distribution of stable ecological land in 2000,2010,2020

2.2 SR E TR
2.2.1 SRR E M B oS sh AR RHIE
2000—2010 4EF1 2010—2020 4 5T T Hb [X A= 25 F e 2 PE R 5000 318 90.85% A1 83.86% , AN [Rl A= 2547
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X HAIE 7R 7E 2000—2010 4 18], PN 5y B A 245 X AR 25 F b RO PR 38 88U 5, 0 92.35% , e 1L - R AT 1 b
WA XIR 2, BUH IR AR A XA, M 55.26% o 2010—2020 4 [a) 358 11 - K A7 1L L bR AR 25 X R i T 5
B, K 85.30% AR AR S IX B AR, 4 55.13% (£ 4) o 7EAEZS M3, AS [ s 28 8 M il B 8 YA AE
W K AR b W A 2SR5 AAR S 7 i 1 B st X 45 3t 28 i ME AR e MR PR B4 1T/ &, 2000—2010 4F
F12010—2020 4F- 1 52 FUMCHI S G2 P 5 500> H0 b > 1 b > TEARMRHE (3R 5)

x4 FESRETAMBRE GRS
Table 4 Ecological land stability index in different zones

531X Zone 2000—2010 4/ % 2010—2020 4F-/ %
BUHEFE ST 4 %5 X Beingjing-Tianjin-Tangshan Urban Ecological Zone 55.26 55.74
At i &5 X North China Plain Ecological Zone 70.62 55.13
FELL-AAT L L HAR A2 251X Yan-Taihang Mountain Forest Ecological Zone 91.35 85.30
NS H R A A5 X Inner Mongolia Grassland Ecological Zone 92.35 78.10
HAK Total 90.85 83.86

x5 AEEBESTAMBRE GRS
Table 5  Stability index of different types of ecological land

KA Type 2000—2010 4/ % 2010—2020 4£/% || 257 Type 2000—2010 4/ % 2010—2020 4E/%
M Forest 94.04 87.82 HEA M Shrubland 44.38 24.76
Bl Grassland 88.24 80.94 Vi HL Wetland 55.62 46.54

YT A5 ARG Jmy s PPN 5 5 S ma AL B AR 75 5K, 7 4 T ORAUIEAE A 5 4 T A2 8 A Bl B ox it
TEHL X SkmxSkm [ B ITA: 25 AR e MR Eis R OC R AT RS040 HT, 45 R R, e Ll - K AT L il MR A= 25
XN 58t R J A 28 AR A RS e PRV 0 T s . itk — DR A S AR PR BT 25 4 AR AiE , 2 T H
SR VAT R Gt — A S BTN [m] Bsf 91 26 25 T MRS PR G (18] 4) |, 3 24 2R s (3R 6) 2000—2010 4R 1]
WA A s e M i AL 2 S e, 4051 o HE 40.76% il 44.43% 5 2010—2020 4 [a] # AR i s 1 AR

2010—20204¢

>z

I AR AR AR
A
G-V
[0 R
I AR

120 km

4 ETAMBEHEBERDH
Fig.4 Class of ecological land stability index
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Fef =, o 38.40% , AR Fe e M L i RS e M L v AR MR R R R AR M o EL 43 SR 3.53% . 6.98% , 27.44% Fil
23.64% , AN[A)53DXAE 2 MRS E P S G A5 A8 10 s | R Il T A 28 XA AR L 1 I AR 28 X R Hh i IR i
G e FL B O BARRAE 8 L R AT L L b A 25 DX PN 5ty 5 J AR 285 X 2000—2010 4 [R] DA i s e P
AR 5 325, 78 2010—2020 A 5] D) 2 90 = A T A s s M T AR [R] = 5

Ro6 ESMMBEEERESR

Table 6 Class area of ecological land stability index

MK Zone — 2000—2010 4§ 2010—2020 4§
T F/hm? a1 T F/hm? EA17]
HUE AT AR A X AR E 2782500 83.56% 2547500 76.50%
Beingjing-Tianjin-Tangshan Urban RS 117500 3.53% 197500 5.93%
Ecological Zone Tt 82500 2.48% 245000 7.36%
e e 145000 4.35% 185000 5.56%
W e e M 202500 6.08% 155000 4.65%
P RAESKX PARAR E M 5940000 95.08% 5742500 91.92%
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WSl RFAES KX AR E M 57500 2.87% 55000 2.74%
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W AR E M 1642500 81.92% 632500 31.55%
A3 Total PeARRR A 9285000 40.76% 8747500 38.40%
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Table 7 Global Moran'’s I of ecological land stability index & significance

2000—2010 4F 2010—2020 4F 2000—2010 4F 2010—2020 4F
AR E L FREL 0.914 0.889 P 0.000 0.000
Global Moran’s 1 VA 122.18 118.78

AT P2 e 25 AR E PR S AR RUEL S, R SCXF 2000—2010 4F 1 2010—2020 454 75 H i fa e
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Table 8 Cold spots/hot spots area of ecological land stability index

H Type 2000—2010 2010—2020
T A/ hm? Ll 1AL/ hm? el

R I3 Non-significant 4707500 — 5947500 —

¥ 15.(99% B 5 B ) Hot spots(99% ) 7440000 85.52% 6495000 78.44%
B 1(95% B A5 %) Hot spots(95%) 857500 9.86% 1240000 14.98%
¥ 5.(90% B {5 % ) Hot spots(90% ) 402500 4.63% 545000 6.58%
¥ i X T BURI Total 8700000 100.00% 8280000 100.00%
PE (90% B AFE ) Cold spots(90% ) 3622500 38.66% 3697500 43.25%
R (95% {7 BE) Cold spots(95%) 5747500 61.34% 4557500 53.30%
A (99% B (55 ) Cold spots(99% ) 0 0.00% 295000 3.45%
A X T BURT Total 9370000 100.00% 8550000 100.00%
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Fig.5 Cold spots/hot spots of ecological land stability index
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Fig.9 Correlation of ecological land stability index & influencing factors in different zones
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Fig.11 Interaction influence of ecological land stability index influencing factors in different zones
* P<0.05; * * P<0.01
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