ol Rk K 5 4R ,2025,56(1): 140-155 http://syny.cbpt.cnki.net
Journal of Shenyang Agricultural University DOI:10.3969/j.issn.1000—1700.2025.01.014

PRDE, X M EER BT R HOR R A AR A R RO AR S KU AT (T, Tk B Al R 2224, 2025, 56 (1) : 140-155.
BIAN Z X, LIU B, GUAN D Y.Landscape ecological risk assessment for the black soil region in northeast china based on land use changel[J].
Journal of Shenyang Agricultural University,2025,56(1) : 140-155.

E TR HZEANRILE L KU ESXBEITEN

> . Y
P, x| WL, EEM
(kPR KRF L EREFR/ZTHEARTRTAM LRKBE S BN F 5587, %M 110161)

 E:(BMACRELXENEANKRRZ — A ERRNRERE, g ER LT HEAHEEETEH. [FEET
RAR A X - #F B , 12 28 AR BB AR AR AR R 2E R S T 5ol AE S PN AR, AR T AR JL B+ X b
FHZAE A B WA 25 XU Z [ R 6 2R o [455R12000-2020 4F AR b B8 4 IX A ORI IS 22 LAME . bRty 32, 35 MR T 7P 5%
X W, A M 4 A 2 A0 S B UMM A 1) Bk 3 RS TR R 14136 km?, 2000-2010 41 (19 A b 1) I 2 20 25 b 8 3 22 i T
2010-20204F , 2000-2020 45 AR It H& - DX WA 28 RUBS: 20 1 X SR B4 AT FEAM T S5t L =V JE R P AL TP IX, 12 Xl s WS A )
B A o R X AR e RN S K L X K IR S A SR R DU AR 3 . SN ZR G + KA &
AR EIIE R 0.063 5, 5o A: A2 AR ICARXT AR R , 50 LA 25 XU S5 0 T AR o7 BV A 4 XU Xk 50 A0 XU X A1 v LR X, —
F R AR IR A X IR 50% LA Lo S AU 42 S5 Moran's T{EI5 K T 0.65, BB 1E 23 AR SCME | F2 A “ IR " R 42 &
Tt RN RIS R . [T X AR, S0 A XU A8 Ak 232 AR 3 T A T (1 R i 5 DR X
BORF , H AR Z W HE A w3 (A R AR 200, BIFFE 45 58 0] o 45 b B8 - XS AR S A A S 4 i A 4 A % ] 5
SL R 7 R R AR AR

KB A BT ; S5O0 R 5 MR MR RN AR B X

FES%ES P01 ERFRIZAS : A X E4RS:1000-1700(2025)01-0140-16

Landscape Ecological Risk Assessment for the Black Soil Region
in Northeast China Based on Land Use Change

BIAN Zhenxing, LIU Bin, GUAN Deyang

(College of Land and Environment/Key Laboratory of Three—dimensional Protection and Monitoring of Cultivated Land of Liaoning Provincial Department of

Natural Resources, Shenyang Agricultural University, Shenyang 110161, China)

Abstract: [Objective]As one of the four major black soil regions in the world, the Northeast black soil region is home to precious
black soil resources and plays an important role in safeguarding national security. [Methods]Based on the land use data of the black
soil region of Northeast China, this study established a landscape ecological risk assessment model by using spatial information
technology and landscape ecology knowledge, and quantitatively explained the coupling relationship between land use change and
landscape ecological risk in the black soil region of Northeast China. [Results]The results showed that from 2000 to 2020, the land
use types in the black soil region of Northeast China were mainly cultivated land and forest land, which constituted the matrix
landscape of the study area, and the land transfer type was mainly forest land to cultivated land, with an area of 14 136 km? and the
land use type change rate from 2000 to 2010 was higher than that from 2010 to 2020. From 2000 to 2020, the high—value areas of

landscape ecological risk in the black soil region of Northeast China were mainly distributed in the Songnen Plain, the Sanjiang Plain
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and the Northwest aeolian sand area, and the landscape types in this region were mainly cultivated land, unused land and artificial
surface, and the degree of landscape fragmentation was significant. The average value of landscape ecological risk index in the black
soil area in Northeast China was 0.063 5 in the five periods, and the landscape ecological security status was relatively stable, while
the landscape ecological risk was mainly reflected in low and high risks, accounting for more than 50% of the area of the black soil
area in Northeast China. The global Moran’s I values in the five periods were all greater than 0.65, showing a positive spatial
correlation, which was mainly reflected in the spatial distribution pattern of "low—low" aggregation and "high—high" aggregation. From
the perspective of the study area as a whole, the change of landscape ecological risk is mainly affected by natural factors and human
disturbance. From the perspective of local areas, natural factors have a significant impact on it, but human factors cannot be ignored.
[Conclusion]The results of this study can provide a scientific basis for the optimization of landscape pattern, the protection of black
soil and the sustainable development of the black soil region in Northeast China.

Key words: ecological risk assessment; landscape pattern; land use; geodetectors; Northeast black soil region
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Figure 1 Geographic location map of study area
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Table 1 Calculation formulas and significance of landscape ecological risk

TERL PR HHEARK FEROE ZHEX
Name of index Formula Meaning of index Parameter significance
A TR n, 9 S0
—— SOA A M 0 S PR REHOR
ORI B 1 . . . R . . .
. C=— The complexity of spatial distribu- A, is the area of landscape i
Landscape fragmentation index A, K . )
tion of landscape types and n, is the number of patch-
es of landscape i
i R B R S \
U A n RIS A S H TR
o N,=— |— The level of patch heterogeneity in .
Landscape separation index 24; | 4, A is the total landscape area

a landscape

FOMRRDE AR 2 I PRyl i R

WA g er P

"J{X)L#/EE*Hﬁ . F, = 2log,,|—|/log,yA, The complexity of landscape P.is the perimeter of land-
Landscape dimensionality index 4 .
type shape scape I

ab.c HE AR HONE , 45

BT X SEBRE B, 2 2 TR

F0.5,0.3,0.2 L E
ST R N TR AR a, b and ¢ are the weights of

E,=aC, + bN, + cF,
Landscape disturbance index 0o P The degree of human interference each landscape index, which
are divided into 0.5, 0.3 and
0.2 weights based on the actu-

al situation of the study area

KL FAT o0 IR AT 0 — A Ak B

According to the expert scoring method,

RSN P I A B B g 55 2

sG55 B2 48 %L o .
. Sensitivity and vulnerability to ex- —
Landscape vulnerability index

and normalization ternal interference

LV BB AT A B O R R M 6 K S B 4 R 3 AR 2 NI 1

Note: V; was scored by experts from high to low as: unused land 6, water area 5, cultivated land 4, grassland 3, woodland 2, artificial surface 1.
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Table 2 Area and changes of land use types from 2000 to 2020 km?
=l ) FH 2 T FH Area AEAR Ak H Amount of area change
Land use types 2000 2005 2010 2015 2020 2000-2010 2010-2020 2000-2020
kL Caltivated land 370252 371911 372 644 373535 371505 2392 -1139 1253
Fib Woodland 500 990 500953 507 315 507 181 499 827 6325 -7 488 -1163
HiHh Grassland 241 402 240 840 193 780 192 188 233 794 -47 622 40014 -7 608
JKI Water area 31127 30 498 30 228 30 223 26 089 -899 -4 139 -5038
N Hb R Artificial surface 29223 29 655 34 165 34 842 36 082 4942 1917 6 859
KA Unused land 70 484 69634 105922 105552 76 941 35 438 -28 981 6457
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Figure 2 Distributions of land use types from 2000 to 2020
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Figure 3 Chord diagram of land use changes from 2000 to 2020
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Table 3 Land use dynamics from 2000 to 2020

IR 2000-2010 2010-2020
Type of land use TR A kn? % LR IS % WA b AN BA—BE/% L TS 1%
w Area change Single dynamics ~ Comprehensive dynamics Area change  Single dynamics Comprehensive dynamics
Hiith
Cultivated land 2392 0.06 -1139 -0.03
sl
6325 0.13 -7 488 -0.15
Woodland
A —-47 622 -1.97 40014 2.06
Grassland 0.3 oa
K3 ) .
-899 -0.29 -4 139 -1.37
Water area
N b
Artificial surface 4942 1.69 1917 0.56
|
AR 35438 5.03 -28 981 -2.74
Unused land
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Table 4 Area and proportion of landscape ecological risk levels in the study area from 2000 to 2020

R 5% 2000 2005 2010 2015 2020
Risk level MB/km? i E/% T A /km? i /% T /km? i /% T/ km? i /% TR/ km? i /%
Area Proportion Area Proportion Area Proportion Area Proportion Area Proportion

i Low 159 029 12.79 159219 12.81 108 847 8.75 118 855 9.56 142274 11.44
AR Lower 301377 24.24 301 883 24.28 262311 21.09 261 847 21.06 318 185 25.58
1 Medium 257 148 20.69 259 669 20.89 312 862 25.16 306 331 24.64 262 893 21.13
% Higher 370 085 29.717 368 481 29.64 384 960 30.95 383932 30.88 357 564 28.75
= High 155518 12.51 153918 12.38 174 750 14.05 172238 13.85 162 996 13.10
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Figure S Distribution of landscape ecological risk levels in the study area from 2000 to 2020
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Figure 6 Landscape ecological risk transfer matrix from 2000 to 2022
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Figure 7 Moran's I scatter plot of landscape ecological risk in the study area from 2000 to 2020
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Table 5 Spatial autocorrelation coefficients of landscape ecological risk in the study area from 2000 to 2020

Ay Year Moran’s [ 71845y Z—-score P
2000 0.716 78.603 5 0.001
2005 0.715 78.323 1 0.001
2010 0.670 74.705 4 0.001
2015 0.671 74.7355 0.001
2020 0.701 77.407 7 0.001
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Figure 8 Local indicators of spatial association (LISA) clustering map of landscape ecological risk in the study area
from 2000 to 2020
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Table 6 Results of single factor detection in Northeast black soil region from 2000 to 2020

IREH 2= A BIHRE Contribution/%
Drivers Impact factor 2000 2005 2010 2015 2020
'E’E 55.27 55.34 53.51 53.59 55.75
Elevation
[
B 53.80 53.98 57.01 57.10 54.41
Slope
k =X
RN E[‘%ﬂ(g . 45.03 42.17 43.39 45.30 40.45
Natural factors Annual precipitation
145 98
AU 49.42 50.61 44.19 44.84 49.99
Average annual temperature
A A
*.Eﬁﬂ ﬂ?*ﬂﬁ . 49.92 44.51 43.43 42.717 39.37
Vegetation normalization index
GDP 32.73 32.15 36.77 37.74 32.98
pragice
NI ES ADEE 27.96 28.18 30.88 31.18 28.14
H Population density
uman factor DT
-~ 57.93 58.01 59.00 59.11 56.31

Human interference
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Figure 9 Interactive results of landscape ecological risk drivers in Northeast black soil region from 2000 to 2020
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Figure 10 Landscape ecological risk change and land use in Northeast black soil region from 2000 to 2020
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Table 7 Results of geographic detectors of local influencing factors of landscape ecological risk

FUHRE Contribution/%

bk . e ROKEE IEH R M N N Tk
Areas Ellﬁj . Ql - Annual Average annual Vegetation normalization ~ GDP Population Human
evation ope precipitation temperature index density interference
a 37.52 18.81 50.40 40.42 4.58 17.21 0.25 89.04
b 53.28 37.39 43.87 48.18 6.95 18.96 6.49 51.42
c 1.86 3.83 32.90 40.59 27.86 48.62 1.20 50.32
d 86.25 87.90 50.85 52.13 13.38 4.74 0.21 70.77
e 11.18 31.05 41.38 33.55 36.28 8.23 9.16 30.60
f 21.06 26.10 19.02 26.32 0.99 25.95 6.53 41.65
g 222 7.52 18.27 40.11 8.80 42.36 5.86 5291
h 32.23 36.76 64.66 32.37 12.63 44.85 5.30 83.71
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