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K1 AESRETFNIEFRER

Criterion layer Index layer Implication and significance Symbol Weight Reference

Pressure (P)  PI1: population Reflects population pressure in a region; higher density, implies greater strain on - 0.1025 [35]
density the ecosystem, hindering its healthy development
P2: night Reflects changes in human living patterns, socio-economic development, and urban growth; - 0.0809 [36]
light index higher values indicate greater economic development intensity
P3: human interfer- Reflects anthropogenic interference with the ecological environment; higher values signify - 0.1156 [34]
ence (HI) index greater interference, posing a more significant threat to ecological security

State (S) S1: net primary Reflects the productive capacity of vegetation communities and ecosystem quality under + 0.1010 [28]
productivity (NPP)  natural conditions; higher values indicate greater ecosystem productivity and better

ecological conditions

S2: patch density (PD) Reflects landscape fragmentation; higher values indicate a greater degree of fragmentation - 0.0898 [24]
S3: Shannon diversity Reflects landscape heterogeneity and richness; higher values indicate greater landscape + 0.1336 [24]
indices (SHDI) diversity and increased ecosystem stability
S4: distance from Reflects the influence of water bodies on regional ecosystems. In this study, areas closer to  — 0.0817 [37]
water area water bodies were considered to have higher ecological security levels

Response (R) RI1: proportion of Reflects regional socio-economic structure; a higher proportion benefits the positive + 0.0868 [38]
tertiary industry development of the ecological environment
R2: proportion of Reflects the establishment of nature reserves, which area a highly effective measure for + 0.0801 [39]
nature reserve area  protecting regional biodiversity, and the degree of importance a region attaches to

ecological protection

R3: ecosystems service Reflects the benefits humans derive from ecosystems. ESV is influenced by the level of + 0.1280 [33]

value (ESV)

ecosystem protection; greater protection leads to higher ESV

+: positive indicators; —: negative indicators.
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20 A AR 2 R E RN TT IRRE, 2TIEL 62%
(0 X 3 S B AR 25 20 1) i S5 AR S e e (3.
Hrb, 19017 kI RU B XA IMD 482, 18351 km?
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Type Data type ~ Resolution Data sources

Digital elevation mode (DEM) Raster data 30 m

Geospatial Data Cloud Advanced Spaceborne Thermal Emission and Reflection Radiometer

Global Digital Elevation Model (ASTER GDEM) dataset

Raster data 30 m
Raster data 500 m

Land use/cover data
NPP data

dataset
Raster data 1 km
Raster data 1 km

Night light data
Population density data WorldPop
Socioeconomic data

Nature reserves information

Resource and Environmental Science Data Platform
National Aeronautics and Space Administration (NASA’s) earth observing system MOD17A3HGF

Resource and Environmental Science Data Platform

Vector data County level The China County Statistical Yearbook and the statistical year books of Beijing, Tianjin, Hebei, Shanxi
Vector data  County level “List of National Nature Reserves” of the Ministry of Ecology and Environment of the Peoples’s

Republic of China

Administrative division Vector data  County level Resource and Environmental Science Data Platform

boundary data

R3 20002020 FA KL AR IR EKE LT

Proportion (%)

Grading ESI Level

2000 2005 2010 2015 2020
I >0.6175 Safe 3.95 8.44 8.54 17.11 27.90
I (0.5534, 0.6175] Relatively Safe 31.11 29.41 29.93 27.32 22.39
I (0.4935, 0.5534] Moderate 24.92 25.79 26.18 31.06 32.41
v (0.4087, 0.4935] Relatively Unsafe 3832 33.92 32.58 21.59 14.61
\ <0.4087 Unsafe 1.70 2.44 2.77 2.92 2.69
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2025 0.2276 0.9058 0.5668 32.61 20.37 31.29 12.65 3.08
2030 0.2098 1.0458 0.5786 37.49 21.32 26.72 11.11 3.35
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20404, PYILHRDXHR) LA B SA S (K5 KM
H X MD. RU 25 2% [ BURE Kok, K 20 X 480K
RS. SAZEHUL; (HFURE AL G A A 2 KT BT
fi&: USEEZLRAEIL R, Ride, b FEIRIX A it — 4k
IR IR, RUDXEXI A S 2R RS N . WE
HRBEERF, TT£120404F, KBy Bl 24Kk
ARrGETE, EFALX . FIFX . LR, WX FEX
Te 75 XA 6 D B AR e RF US 46850, KOMIX L IIEIX 4E
BAEEAESZAAT 2 TEEY (A PIH ST,

3.3, EEw ey XE LR

AR A 22 A gy DX B T R IX 380 A 25 T 4% 1) B AR
[27]. ASHEFEIE I 73BT 2000—2020 4FAE 25 22 4 i 2% 1 AR
fiEs 2025—2040 4 R0 35 R 1 Hb XOIUR e FLKI, #EIX
Sl R R 1 RUSE R R VT 3 A S 22 A B X AT R
gye TEXHURE, FEHEREAESZETMRERE. B
IR BRRRE AL 2T 2 5, BEHX RS AR, F
W VI A X (E6), & DX R B X AR R
WS, NEGFEATERE BT R, H—BR B R E
AFEEFHX, KA ER S LB PR
IR PRI, X T AL, (X I 2 282 AR B X
(K6, #EHEHXAMKEENKe (FEHXATH
B WIS A S S6 1) .

Ecological security level
Bl Unsafe

Ecological security level
B Unsafe

Ecological security level
I Unsafe

Ecological security level
Bl Unsafe

I Relatively unsafe [ Relatively unsafe [ Relatively unsafe I Relatively unsafe
[CIModerate [CIModerate [CIModerate [ Moederate
[ Relatively safe 03570 140 | Relatively safe 03570 140 |/ Relatively safe 03570 140 |/ Relatively safe 03570 140
Bl safe < [l Safe o k) [l Safe o k) [l Safe T
(a)
2025 2030 2035 2040

Ecological security level Ecological security level

B Unsafe B Unsafe

[ Relatively unsafe I Relatively unsafe
Moderate Moderate

[ Relatively safe 03570 140 | Relatively safe 03570 140
Safe o [ Safe ——

m|

Ecological security level

Ecological security level

N Unsafe B Unsafe

I Relatively unsafe I Relatively unsafe
Moderate Moderate

[ Relatively safe 03570 140 |[EH Relatively safe 03570 140
Safe —— ) Safe ——

b)
B 5. KIE RIS A 22 4 KEAE 2025 4F . 2030 4F, 20354F. 2040 4EIA) A3 328 . (a) 3 km LI RMEL; (b) HEZidbA.



261

KR5S XA 24 X AR
Management Ecological Topographic . . . .
. . Land-use type Socioeconomic status Regional regulatory strategies
zone security level gradient
West zone High level First and second Forest, grassland,  Low level of economic Soil and water conservation, erosion control,
terrain gradients cultivated land development and urbanization afforestation, and grassland cultivation
Central zone Medium and  Second terrain Cultivated land, High rate of urbanization and high Strictly adhere to the red line for cultivated land
low level gradients construction land,  level of economic development protection, enhance land consolidation efforts,
water area, wetland improve the efficiency of land and water resource

utilization, and harmonize urbanization with
cultivated land preservation

East zone High and Third terrain Cultivated land, Moderate economic development  Protect and restore wetlands, while prohibiting the

medium level gradients

construction land,
water area, wetland

and moderate urbanization

conversion of both wetlands and cultivated land
into construction land

Spatial zoning for ecological management at multi-scale

Regional scale

[ County boundary
Mountain and wetland zone

e

County scale

=

P\a!n zone |
= o w |2l 259w
B 6. it 2 JROE A 2 X i .
®6 BARAE X IR
Ecological
Management
security Topographic gradient Land-use type Socioeconomic status Regional policy
zone level
Mountain High level Plains and basins of Forest, grassland, Low economic development, Soil and water conservation,
and wetland low- and high-altitude cultivated land, low human activity intensity, preservation of nature reserves,
zone mountains water area wetland sporadic urbanized land wetland protection and restoration
Plain zone 1 High level Topographic relief is Cultivated land, Medium-low economic development, Conserving cultivated land,
gentle in low-altitude construction land, major food-producing zone, relatively low improving water resource
plains and hills and water area urbanization rate, moderate population pressure efficiency
Plain zone I Medium Topographic relief is Cultivated land Moderate economic development, moderate Balancing urbanization with
level minimal in low-altitude and construction  rate of urbanization, influenced by the cultivated land protection
plains and basins land central city’s economic radiation, medium to
high population pressure
Urban zone I Low level Plains and basins at low  Cultivated land High economic development, large proportion  Promoting sustainable development
elevations characterized ~ and construction  of construction land, significant population in central urban areas of modern
by slight topographic land pressure metropolitan regions
variation
Urban zone I Low level Plains and basins situated Construction land ~ Construction land covers the entire area, huge Acceleration of green

at low elevations featuring
minimal variations in

topography

intensity of human activity.

infrastructure development
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4.1. R A HTHESE

PREEAE S e A A T B A LA g, IR
NI TR AR AT R R R [46-47]. 4P BB 2 M
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