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Abstract

turbance of natural resources by human activities. This paper aimed to explore the characteristics of ecological risk evolution under different landscape

[ Objective | The ecological vulnerability and landscape ecological risk of karst mountainous areas have increased as a result of enhanced dis-

patterns in the region, with a view to providing reference for land classification protection, sustainable use of resources and regional ecological risk optimi-
zation in karst mountainous areas. [ Method] Taking Huangping County, a typical karst mountainous area, as an example, eight evaluation factors of
natural and landscape patterns were selected to construct a landscape ecological risk evaluation model, to quantitatively explore the spatio-temporal evolu-
tion of landscape ecological risk and the trend of risk level transfer in the study area from 2010 —2018, and to reveal the complex relationship between ec-
ological risk and topography in karst mountainous areas. [ Result] (1) From 2010 to 2018, land use types changed to different degrees, with the most
amount of woodland transferred out (1 627.37 hm®) and the most amount of construction land transferred in (1 303.93 hm®) ; a total of 3 552.31 hm’ of
land was transferred, with a change ratio of 2. 13% , and there was a significant conversion between construction land, arable land, and woodland. )
From 2010 to 2018, the landscape ecological risk in the study area changed significantly, and the landscape ecological risk index decreased from 0.344 1
to 0.173 3, showing an upward and then downward trend; the landscape ecological risk of the whole region was dominated by low-risk and lower-risk
zones, and the ecological risk level generally shifted from a high level to a low level, and the ecological environment was improved. (3) There was a nega-
tive correlation between ecological risk and topographic position, and high-risk zones were mainly distributed among low topographic zones; with the
change of time, the advantage of risk level for the selection of topography was gradually weakened, and the influence of anthropogenic factors on the eco-
logical risk of the landscape was becoming more and more prominent. [ Conclusion | This paper can provide theoretical basis for land use optimization
and ecological protection in karst mountainous areas.
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Since the 21" century, driven by a series of factors such as
rapid urbanization, global climate change, and national policies,
ecological and environmental problems have become increasingly
serious worldwide'". How to scientifically assess ecological risks
is the key to promoting ecological restoration, which is of great
significance for promoting regional sustainable development and

optimizing management >~*'. The assessment of ecological risks
through land use change is a research hotspot based on landscape
©7)In the current situation of rapid

pattern evaluation methods
changes in global land use patterns, it has become important re-
search contents to ensure the sustainable development of regional
land resources by exploring potential ecological risks, optimizing
the dynamic balance between different land use types, and scien-

tifically managing land resources'’ ™.
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Landscape ecological risk refers to the adverse consequences
that may arise from the interaction between landscape patterns and
ecological processes under the influence of natural or human fac-

1% " and landscape ecological risk assessment is the basis for

tors
risk identification and prevention"''. Since the end of the 20"
century, foreign scholars have combined traditional ecological risk
assessment with landscape ecology, and combined landscape ecol-
ogy with watershed ecology, geography, and other disciplines to
continuously develop into a wide-area landscape ecological risk as-
sessment and form a comprehensive theoretical evaluation frame-

2751 At present, scholars have relied on methods such as

14-15]

work'

source sink method and landscape pattern index to conduct

extensive research on areas with intense human activities and eco-
. .. e 16-17 .
logically sensitive vulnerability, such as watersheds*™""" | cit-

[19-20] [21-22

. [3,18] . ]
ies , mining areas , coastal zones , and nature re-

"' Compared with the source sink method, the land-

serves
scape pattern index method can quantitatively express the structure
and function of ecosystems, and has advantages in reflecting the
structural composition and spatial configuration characteristics of

landscapes ™ "', At present, research mainly focuses on the cal-
culation of landscape pattern indices based on types and levels.

However, the representativeness of research on karst mountainous
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areas with complex surface environments, fragmented arable land
resources, and strong spatial heterogeneity is limited. Karst moun-
tainous areas have undulating terrain and fragmented landscapes.
The implementation of ecological risk assessments in karst moun-
tainous areas is beneficial for optimizing the landscape ecological
risk assessment system and providing stronger guidance for region-
al social development™ . Landscape ecological risk assessment
combining the complex terrain and landforms of karst mountainous
areas can provide theoretical basis for rational planning and utiliza-
tion of land and optimization of regional ecological risks in the area.
In this paper, Huangping County in the karst mountainous ar-
ea was taken as the research object. 8 evaluation factors from two
dimensions of nature and landscape pattern were selected to con-
struct a landscape ecological risk assessment model composed of
landscape interference index and vulnerability index. At the same
time, the terrain comprehensive index formed by elevation and
slope was introduced to quantitatively explore the spatio-temporal
evolution of landscape ecological risk and transfer trend of risk
level in the study area from 2010 to 2018, and reveal the complex
relationship between ecological risk and terrain in the karst moun-
tainous area. The objective of this paper is to: () analyze the land
use transfer situation in the study area from 2010 to 2018; @) es-
tablish a landscape ecological risk index model based on the land-
scape pattern index, to explore the spatio-temporal evolution of
landscape ecological risks and evolution trends of risk level; 3
explore the impact of karst terrain on landscape ecological risks.

Fig.1 Diagram of the study area

1.2 Data sources and processing The administrative bounda-
ry data of the research area and the land use data of four phases
(2010, 2013, 2016, and 2018) were all from the Natural Re-
sources Bureau of Huangping County. Referring to the Classifi-

1 Materials and methods

1.1 Overview of the research area Huangping County (107°
35'40" - 108°12'48" E, 26°43'46" —27°14'30" N) is located in
the southeastern part of Guizhou Province, and the terrain gradual-
ly decreases from west to east and from northwest to southeast
(Fig.1). The northern mountainous area belongs to the Wuling
Mountains, while the southern part belongs to the Miaoling
Mountains, with hills and valley basins as the main landforms.
There are a total of 32 rivers in Huangping, including the
Chong’an River and the Wuyang River, with a length of over
10 km or a drainage area of over 20 km’. These rivers belong to
the Dongting Lake and the Wujiang River water systems in the
Yangtze River basin. Huangping is located in a subtropical mon-
soon climate zone, with an average annual temperature of 15.1 C
and an average annual precipitation of 1 233.2 mm. The karst area
of Huangping County is 998. 67 km®, accounting for 59. 88% of
the total land area of the county. The area of karst rocky desertifi-
cation is 292.53 km®, accounting for 17.54% of the total land
area in the county. Huangping County has high mountains, deep
valleys, and fragmented terrain, which poses ecological problems
such as fragile ecological environment, soil erosion, and geolog-
ical disasters. The serious desertification in this area has affected
regional economic growth and threatened the survival of local resi-
dents. Unreasonable human activities have constrained the imple-

mentation of rural revitalization and sustainable development.

0 50 100 km
]

cation of Land Use Status ( GB/T 21010 —2017) of the second
national land survey, ArcGIS 10.5 software was used to classify
land use types into six categories: cultivated land, woodland,
grassland, water area, construction land, and other land. The
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ground elevation DEM data came from ASTER GDEM ( V3)
dataset in the geospatial data cloud of the Computer Network In-
formation Center of the Chinese Academy of Sciences (http://
www. gscloud. cn) , with a spatial resolution of 30 m x 30 m.
Elevation and slope data were extracted in ArcGIS 10. 5, and
the obtained elevation and slope means were used for calculating
terrain potential index. Using Fragstats 4. 2 software, the num-
ber of patches and average patch area were obtained to calculate
the landscape pattern index.

1.3 Research methods

1.3.1 Landscape ecological risk index. (D) Division of evaluation
units. Landscape ecology suggests that the area of patches should
Based

on land use data in the study area, the average area of patches was

be 2 -5 times of the average area of landscape patches ™" .

obtained. Taking into account issues such as spatial scale in karst
mountainous areas, the study area was divided into 18 500 grids of

Table 1 Landscape pattern indices and their meanings in the study area

300 m x300 m. The ecological risk index for each unit was calcu-
lated, and the results were allocated to the central point of the e-
valuation unit. (2) Construction of landscape ecological risk model.
The ecological risk index (ERI) reflects the relationship between
landscape pattern and ecological risk, and is constructed by the
composition of different land use types and landscape pattern indi-
ces in each evaluation unit. The formula is as follows:

< ki

ERI= 354k, (1)
where ERI is landscape ecological risk index of grid units within
the sample area; A, shows the area of the i" type of landscape in
the k" evaluation unit (hm”) ; A, shows the total landscape area of
the k" evaluation unit (hm®); R, shows the loss index of the i"
type of landscape™' . Landscape pattern indices and their mean-
ings in the study area was shown in Table 1.

Index name Formula

Meaning

Landscape loss index (R;)

R, =F; xS,

Landscape disturbance index (S;) S; =aC; +bN; +cK;

Landscape fragmentation index (C;) c n;
'y

Landscape separation index (N;) 1 /n, oA
e

Landscape dominance index (K;)

K (B, +L;) D,
T4

It indicates the degree of natural attribute loss after different landscape types are affected. F; and S;
show landscape vulnerability and landscape disturbance index respectively. Referring to vulnerability

7.31-33] , this paper assigned a value of 1 to con-

ranking of landscape types in the landscape ecology!
struction land, 2 to woodland, 3 to grassland, 4 to cultivated land, 5 to water bodies, and 6 to other
land types. The normalized non-zero processing for intensity of landscape vulnerability for each type

was conducted, with values of 0.010, 0.208, 0.406, 0.604, 0.802, and 1.000, respectively.

It indicates the degree of interference from external activities on the landscape. Here, S; shows land-
scape disturbance index; C;, N; and K; show landscape fragmentation degree, landscape separation
degree, and landscape dominance degree, respectively; a, b, and ¢ are the weight of each landscape

index, and the sum of the three is 1. Referring to previous studies?

, the values were assigned as
a=0.5, 5=0.3, and ¢ =0.2, respectively.

It indicates the degree of fragmentation of landscape types. The larger the value, the more complex
and discontinuous the distribution of landscape patches, and the higher the ecological risk. Here, n;
is the number of patches in landscape type i; A; is the area of landscape type i (hm?).

It indicates the degree of dispersion of landscape patch distribution. The larger the value, the lower
the stability of the ecosystem and the higher the ecological risk. Here, n; is the number of patches in

landscape type i; A, is the total area of landscape type i (hm?); A is total landscape area (hm?).
It indicates the degree of control of a landscape over the entire ecosystem. Here, B, is number of plots
for landscape type i/total number of plots; L; is number of patches in landscape i/ total number of pat-

ches; D, is distribution area of landscape type i (hm?)/total sample area (hm?).

1.3.2 Calculation of terrain niche index and terrain distribution
index. Terrain is an important factor affecting land use types and
landscape pattern distribution, especially in karst mountainous are-
as where complex terrain and landforms have a significant impact
on local landscape ecological risks. A single elevation or slope
cannot comprehensively reflect the process of terrain’s impact on

land use®® ™

. Therefore, terrain niche index and terrain distribu-
tion index were introduced to comprehensively and quantitatively
analyze the relationship between terrain and landscape ecological
risks in the study area.

(1) Terrain niche index. The higher the elevation and the
steeper the slope, the higher the terrain niche index, and vice ver-

sa, the smaller it is'’. The formula is as follows:

T=log[(%+l]x(§+l)] (2)

where T is terrain niche index; E and S show the elevation and
slope values of any grid within the study area, respectively; E and
S show the average elevation and average slope values of the entire
research area, respectively'® .

(2) Terrain distribution index. The terrain distribution index
represents the distribution frequency of landscape ecological risk
levels within each terrain interval, which can effectively eliminate
the interference of area on different terrain intervals and reflect the
dominant distribution of ecological risks at different levels, repre-
sented by P. If P > 1, it indicates that ecological risk level area of
the i" type of landscape within the e terrain niche interval is a
dominant distribution, and the larger the P value, the higher its
dominance. If P <1, it indicates that ecological risk level area of

the i" type of landscape within the e terrain niche interval is in a
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disadvantaged distribution. If P =1, it indicates that the propor-
tion of ecological risk level area of the i" type of landscape within
the e terrain niche interval is equal to the proportion of ecological
risk level area of the i" landscape within the entire study area. The
formula is as follows:

(2N

where S, shows the area of ecological risk level of the i" type of

landscape within the e terrain interval; S, shows the total area of
ecological risk level of the ith type of landscape; S shows total area

a N ¢ Terrain niche index
A - . 0. 20-0. 38
0. 38-0. 45
o 0. 45-0. 51
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Langdong ] —0. 63
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of the research area; S, shows the total area of e terrain niche'®’.
To reflect the advantageous distribution intervals of ecological risk
levels of each landscape, taking into account spatial heterogeneity
in the study area, the natural breakpoint method was used to divide
the terrain niche index into 10 gradients (Fig.2) ; level 1, 0.20 —
0.38; level 2, 0.38 —0.45; level 3, 0.45 -0.51; level 4, 0.51
—-0.58; level 5, 0.58 - 0.63; level 6, 0.63 —0.69; level 7,
0.69 -0.75; level 8, 0.75 —0.81; level 9, 0.81 —0.89; level
10, 0.89 —-1.25.

12 F

1 2 3 4 5 6 7 8 9 10
Terrain niche index

Note: a. Spatial distribution of terrain niche index in the study area; b. Level statistics of terrain niche index in the study area.

Fig.2 Terrain niche index of the study area

2 Results and analysis

2.1 Spatio-temporal characteristics of land use change The
land use changes in Huangping County from 2010 to 2018 were
shown in Table 2 and Fig. 3. Overall, woodland, grassland, and
cultivated land are the main landscapes of Huangping County, cov-
ering the entire area. Other land use types are interlaced around or
within it, and the three types of land account for more than 95% of
the total area in the study zone. The area of woodland, grassland,
and other land has decreased. Among them, the area of woodland
decreased by 0.97% , which was the most, and 203. 422 hm’ of
woodland disappeared every year; the grassland area has decreased
by 0.41% , with an average annual decrease of 84.66 hm’ ; the to-
tal area of other land has decreased by 1.9 hm®, with an average
annual decrease of 0.24 hm®. According to the transfer matrix of

various landscape types from 2010 to 2018, the total area of land
use change was 3 552. 31 hm’, with a change ratio of 8. 8%.
Woodland was the main type of transfer out, with a transfer out ar-
ea of 1739.01 hm’, accounting for 48. 95% of the conversion
area. It was mainly converted into arable land (1 382.61 hm’),
followed by construction land occupation. Farmland was the main
type of transfer, with a total of 57.07% of other land use types
converted to farmland during the study period, including 1 382. 61
hm’ of woodland, 620. 13 hm® of grassland, 12.07 hm® of water,
10.76 hm’ of construction land, and 1.74 hm’ of other land trans-
ferred. According to the analysis of the transfer situation, the
transfer among cultivated land, woodland, construction land, and
grassland was the most obvious, accounting for 97.98% of the to-
tal transformed area.

Table 2 Area and proportion of land use type in 2010, 2013, 2016 and 2018 hm? (% )
Year Construction land Woodland Grassland Cultivated land Water Other land
2010 3999.95 83 908.13 17 886.73 59 217.68 1370.61 624.85
2.40 50.24 10.71 35.46 0.832 0.37
2013 4 862.16 83 218.57 17 578.06 59 351.38 1373.04 624.73
2.91 49.83 10.53 35.54 0.82 0.37
2016 5079.45 82 371.21 17 288.89 60 216.87 1391.45 660.07
3.04 49.32 10.35 36.06 0.83 0.40
2018 5303.87 82 280.75 17 209.47 60 199.98 1390.92 622.95
3.18 49.27 10.30 36.05 0.83 0.37
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From 2010
to 2018, the area of woodland, grassland, and other land de-
creased (1 627.37, 677.26, and 1.9 hm®), while the area of
construction land, cultivated land, and water increased (1 303.93,
082.30, and 20.31 hm®). R,, S,,

cultivated land, and water showed a decreasing trend, and the de-

2.2 Characteristics of landscape pattern changes

and N, of construction land,

i

crease of S; and N, of construction land and water was significant
decrease (S;: 0.287 and 0.072, N,: 0.911 and 0.234). R,, S,,
N

nificant increase of 0. 063 in R, and S,. In the landscape pattern

., and C; of other land use showed an upward trend, with a sig-
data of land use types in four phases, there was a turning point in
the landscape pattern index in 2013 and 2016. In terms of land use
types, other land uses, water bodies, and construction land had
higher V,, while water bodies and other land use had higher C,,
S;, and R,. R, of woodland, water, and other land showed small
fluctuations in 2016, while R, of construction land, grassland, and
cultivated land showed significant fluctuations in 2013, and then
recovered to the values of 2010. Among them, N, and K; of con-
struction land tended to flatten from high-value fluctuation, indica-
ting an increase in the clustering degree of construction land, as
well as an increase in the quantity and density within local areas.
Except for the fluctuations in 2013, the various landscape indices
of cultivated land were almost at the same level. In terms of indi-
vidual index, N, fluctuated significantly, with a turning point in
2013 and 2016, and its performance was more pronounced in
2013. Next were K; and S;, with some fluctuations in 2013 and
2016; C,, R,, and F, have not changed much. The fluctuation of
the landscape pattern index of land use types from 2010 to 2018
was in descending order; N, >K, >S, >C, >R, > F,(Fig.4).
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Note: C; is landscape fragmentation index; /V; is landscape separation Index; K; is landscape advantage index; S, is landscape disturbance index; F; is land-

scape vulnerability index; R, is landscape loss index.

Fig.4 Changes in landscape ecological indices of land use type
2.3 Spatio-temporal changes in landscape ecological risks Re-
ferring to the research results of previous scholars ™ ' | the study
area was divided into five levels using the natural breaks method
low ecological risk zone (0 <ERI<0.310 0), lower ecological

risk zone (0.310 1 < ERI<0. 608 1), medium ecological risk
zone (0. 608 2 < ERI < 1. 318 8), higher ecological risk zone
(1.3189 <ERI< 2.5590), and high ecological risk zone
(2.559 1 < ERI< 4.995 0).



Fangfang DENG et al. Spatio-temporal Evolution and Optimization of Landscape Ecological Risk in Karst Mountainous Areas 21

2.3.1 Spatial distribution characteristics of landscape ecological
risks. As a typical high-altitude mountainous county, the western
part of Huangping County is an important ecological protection
area. As an important ecological barrier for water source conserva-
tion and soil and water conservation in the Yangtze River basin of
China, under the influence of various ecological protection poli-
cies, regional ecological risks have shifted towards low-level eco-
logical risk areas. From Fig.5, it can be seen that the average eco-
logical risks in each period of the study area were 0.344 1, 0.485 2,
0.261 4, and 0. 173 3, respectively, showing a fluctuating trend of
first increasing and then decreasing, and the ecological risk was
gradually shifting towards low-risk types. Except for the area of ec-
ological risk zones in 2013, low ecological risk zone > lower eco-
logical risk zone > medium ecological risk zone > higher ecological
risk zone > high ecological risk zone. The low ecological risk zone
decreased from 50. 19% to 32. 04% , and then increased to 69.
74% and 71.31% ; the area with lower ecological risk increased
from 44.78% to 46.23% , and then decreased to 25.70% and 25.
82% ; the proportion of medium ecological risk zone was 3.99% |,
rising to 20. 16% , and then decreasing to 3. 53% and 2.19% ;
higher ecological risk zone increased from 0.71% to 1.21% , and
then decreased to 0. 70% and 0. 50% ; high ecological risk zone
increased from 0.32% to 0.36% , and then decreased to 0.32%

N

A

B Low risk
7 Lowmedium risk
Medium risk
I Mediunrhigh risk
B High risk

B Llow risk
I Lowmedium risk

Medium risk
I Mediumrhigh risk
B tigh risk

Note: a. 20105 b. 2013; ¢. 2016; d. 2018.

and 0. 18% . A spatial structure with low ecological risk level as
the widest distribution was formed within the region, and the risk
levels had a trend of transitioning from high to low. The ecological
risk has significantly decreased during the research period. Among
them, the transformation from lower ecological risk zone to low ec-
ological risk zone was the most obvious.
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Fig.5 Area and percentage of landscape ecological risk at different
levels
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Fig.6 Distribution of ecological risk levels across the landscape during 2010 —2018
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In 2010, 2016, and 2018, the region was mainly character-
ized by lower ecological risk zone (50. 19% , 69. 74% , and
71.31% ) and low ecological risk zone (44.78% , 25.70% , and
25.82% ). In 2013, the entire region was dominated by lower ec-
ological risk zone (32.04% ), low ecological risk zone (46.23% ),
and medium ecological risk zone (20.16% ). Seen from Fig. 6a,
the entire region was mainly composed of lower risk zone and low
risk zone in 2010, with higher risk zone and high risk zone mainly
located in the northwest and southeast; the population distribution
in high ecological risk zone was relatively high, and human activi-
ties have increased their interference with the landscape. Howev-
er, the high ecological risk zone in 2013 remained relatively un-
changed compared to 2010 (Fig. 6a —6b). Without external inter-
vention and regulation, it is difficult for natural ecosystems to
achieve a virtuous cycle when landscape is severely damaged by
human. In 2016, the zones with lower, medium, higher, and high
ecological risks showed a decreasing trend (Fig. 6¢) , with reduc-
tions of 34 236, 27 729, 846, and 63 hm”, respectively. This was
reflected in the large-scale reduction of lower and medium ecologi-
cal risk zones in the entire region, as well as the local weakening
and contraction of higher and high ecological risk zones. In 2018
(Fig.6d) , the area of medium, higher, and high ecological risk
zones in the study area further decreased by 2 232, 351, and 234
hm® | respectively; the zones with low and lower ecological risks
have further increased, with an additional area of 2 619 and 198

higher and high ecological risk zones has further narrowed, the
risk level along the water system has decreased, and the lower ec-
ological risk zone in the northwest dam area has transformed into
low ecological risk zone.

2.3.2 Spatio-temporal evolution of landscape ecological risks.
Seen from Table 3, the entire region was mainly low and lower risk
zones from 2010 to 2018, and risk level showed a trend of first in-
creasing and then decreasing. The increase and decrease of risks
were intertwined, with a total increase of 85 878 hm’ and a total
decrease of 105 462 hm®. The overall ecological risk was showing
a downward trend, and the ecological environment was developing
well. The risk level showed a significant upward trend from 2010
to 2013. Except for the main areas of the Wuling Mountains and
the Miaoling Mountains within the study area, the intensity of hu-
man interference within the region was high, leading to an in-
crease in landscape ecological risk, with the rising areas covering
the entire area. During the same period, the cultivated land in
Huangping County changed from a global change to a local
change. During 2013 — 2016, there was a significant decrease in
the risk increasing type, only 1 494 hm’ | while the risk decreasing
type during the same period was 75 321 hm’ , indicating a signifi-
cant decrease in the risk level within the region. The main transfer
targets for the decrease in risk level were lower and low risk. Dur-
ing 2016 — 2018, both increased and decreased risks occurred,
and the landscape ecological risk reduction continued to be the

hm’, respectively. From a distribution perspective, the scope of main trend.

Table 3 Transfer matrix of landscape ecological risk zone at each level hm?

Transfer type 2010 -2013 2013 -2016 2016 -2018 Total

Risk increasing type Vi—=V, V3 Vy Vs 30 609 1 296 26 136 58 041
VyoVy Vy Vs 25 290 144 1233 26 667
V,—V, Vs 774 54 189 1017
V,—Vs 63 0 90 153
Total 56 736 1 494 27 648 85 878

Risk reduction type V,—V, 342 45 774 25 317 71 433
VsV, ¥, 18 28 521 3762 32 301
VioVy Vo V, 0 963 702 1 665
VsV, Vs V, V, 0 63 0 63
Total 360 75 321 29 781 105 462

Risk invariant type Vi—V, 53 380 52 426 90 460 196 266
V,—V, 49 068 31 185 16 650 96 903
V;—V; 5580 4761 1 656 11 997
V,—V, 1125 1 062 387 2 574
Vs—Vs 531 531 198 1260
Total 109 684 89 965 109 351 309 000

Note: V| is low ecological risk zone; V, is lower ecological risk zone; V; is medium ecological risk zone; V, is higher ecological risk zone; Vs is high ecological risk

zone.

The overall landscape pattern distribution from 2010 to 2013
was relatively uniform, mainly shifting from low ecological risk
zone and lower ecological risk zone to other high-level risks
(Fig.7a). Among them, the patch of transferring from low eco-
logical risk zone to high-level risk zone was more fragmented, dis-
tributed more evenly, and spread throughout the entire region; the

transformation patch of lower ecological risk zones was more con-

tinuous and concentrated in the central and southern edge areas of
Huangping County. From 2013 to 2016, the landscape pattern lev-
el shifted to a global change, with a focus on the transition from
medium ecological risk zone and lower ecological risk zone to low-
level risks (Fig.7b). Among them, the patch of transferring from
medium ecological risk zone to low-level risk zone was more frag-
mented and widely distributed, with a high degree of overlap with
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the transition from low ecological risk zone to high-level zone in
Fig. 7a; the patch of transferring from lower ecological risk zone to
low-level zone was more concentrated, with a high degree of over-
lap with the areas where low ecological risk increased from 2010 to
2013. From 2016 to 2018, the area of transition to higher and low-

er levels was generally consistent, and the distribution of the two
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was also more clustered. Among them, there was a high degree of
overlap between low-risk to high-level transformation areas and
medium-tisk to low-level transformation areas; the transformation
from lower ecological risk zone to low-level zone was more common
in areas that have not undergone changes in the previous period.
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Note: I is low ecological risk zone; II is lower ecological risk zone; III is medium ecological risk zone; IV is high ecological risk zone; V is higher ecological

risk zone. Low is low level; High is high level.
Fig.7 Changes of landscape ecological risk level during 2010 —2018

2.4 Terrain gradient analysis of landscape ecological risk
According to the formula (2), the terrain niche index of the study
area was calculated using elevation and slope data. Seen from the
definition of terrain niche index, the higher the elevation and
slope, the higher the gradient of the terrain niche index. Accord-
ing to the formula (3), the terrain niche index of the study area
was overlaid with the distribution map of landscape ecological risk
level in each period, and the distribution index of each ecological
risk level in the study area on different terrain niche gradients from
2010 to 2018 was calculated, in order to reveal the relationship be-

tween the distribution of each ecological risk level and terrain

(Fig.8).

As shown in Fig. 8, there was a negative correlation between
ecological risk and terrain. Low risk zone had distribution advanta-
ges in the middle and high terrain intervals, but this advantage
gradually decreased over time. From 2010 to 2018, the distribution
advantage of lower risk zone in low terrain areas was greater, show-
ing an overall downward trend, while the increasing trend tended
to stabilize in 2018. The selection of terrain in medium and higher
risk zones was obvious. The distribution advantage in the low ter-
rain area decreased rapidly with the increase of terrain distribution

index, and the optimal distribution appeared in low terrain. This
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advantage distribution was more obvious in 2016, while the distri-
bution of higher risk zone in the terrain area was unstable in 2018,
showing a rapid decrease followed by a rapid increase followed by a
gradual decrease. It indicated a decrease in dominance over time.
From 2010 to 2016, the high risk zone showed a slight increase fol-
lowed by a significant decrease, while there was a continuous
downward trend in 2018, indicating that the advantage of terrain
selection in high risk zone weakened and tended to be distributed
in the low terrain area. The distribution of each risk level zone on

zone tended to be distributed in the middle and high terrain inter-
vals in the early stage of the research period, while medium risk
zone , lower risk zone, higher risk zone, and high risk areas tended
to be distributed in the middle and low terrain intervals. Over
time, the selectivity of low risk zone towards terrain gradually
weakened; the remaining risk areas gradually weakened with the
increase of terrain distribution index, indicating that the impact of
terrain on landscape ecological risk was gradually decreasing, and

there was almost no impact on the ecology of medium and high

different terrain niche gradients indicated that low ecological risk  terrain.
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Fig.8 Distribution index of ecological risk level zones on different terrain levels

3 Discussion

3.1 Ecological risk changes From 2010 to 2018, with the im-
plementation of special plan of urbanization development in
Guizhou Province during the "12" Five-year Plan" period and the
Several Opinions of the State Council on further Promoting Good
and Fast Economic Development in Guizhou in 2012, the transfor-
mation of land types was promoted. Especially from 2010 to 2013
and from 2013 to 2016, the planning and construction of " two ver-
tical and three horizontal" and "one city and two districts" within
the region resulted in the occupation of arable land for construction
purposes, with the construction land area increasing from 3 999. 95
hm® in 2010 to 5 303.87 hm’ in 2018. At the same time, in order
to ensure that the total amount of arable land resources remained
relatively stable, and achieve a balance between occupation and
compensation of arable land, woodland resources was developed
into arable land, and the woodland decreased from 83 908. 13 hm’
in 2010 to 82 280. 75 hm® in 2018. Human activities and urbaniza-
tion have led to a series of transformations in land use patterns,
disrupting the integrity of the original landscape and causing chan-
ges in landscape ecological risks. China has successively issued a
series of land policies such as the Regulations on the Conservation

and Intensive Use of Land and the Opinions on Strengthening the
Protection of Farmland and Improving the Balance of Occupation
and Compensation, which have improved the land use system from
multiple aspects such as land use planning, farmland protection,
and intensive land use. The adjustment range of land use types has
decreased, and the risk level has shown a trend of transitioning
from high to low, which was similar to other research results”*’ .
The implementation of national ecological protection and govern-
ance projects has played a crucial role in optimizing the landscape
ecological risks in ecologically fragile areas.

3.2 Impact of terrain on the distribution of landscape eco-

logical risks Terrain is one of the main driving factors for the

spatial distribution trend of land use or vegetation structure'™ ~*'.
The distribution of landscape ecological risks is closely related to
land use changes. In this paper, terrain niche index was used to
evaluate the relationship between terrain and landscape ecological
risks, and to understand the distribution characteristics of ecologi-
cal risks under different terrain gradients. In this paper, lower,
medium, higher, and high ecological risk zones were all distribu-
ted in the middle and low terrain intervals. Karst areas have more

mountains and less flat land. Due to the advantages of flat terrain
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and abundant water sources, the middle and low terrain intervals
have become the main distribution areas for urban and rural settle-
ments in the region. A large number of people and frequent human
activities have deepened and increased the impacts on way and
structure of land use, resulting in prominent multi-level ecological
risks. On the contrary, low ecological risk zone was distributed in
the middle and high terrain intervals. In middle and high terrain of
the study area, the slope was large, the soil layer was thin, and
soil erosion was severe, which was not conducive to agricultural
production activities. Human activities had a relatively small im-
pact on the ecological environment. With the promotion of policies
such as "rocky desertification control" and " ecological migration
and relocation" in recent years, as well as the promotion and pop-
ularization of the importance of ecological environment protection
by local management departments, environmental protection aware-
ness has been continuously enhanced. The research results of

) \ere consistent with this paper. Over time,

Wang Jinyu et al.
the selection of terrain for different levels of risk zones gradually
weakened, indicating that the impact of terrain on landscape eco-
logical risk was weakening over time, and the impact of human
factors on landscape ecological risk was becoming increasingly
prominent.

3.3 Limitations and future research directions
[40 -41]

Referring to
previous research , and dividing ecological risk zones, the
landscape ecological risk index was calculated based on the land-
scape pattern index. When dividing evaluation units, issues such
as terrain fragmentation and spatial heterogeneity in karst moun-
tainous areas were considered based on the principles of landscape
ecology. A smaller scale evaluation unit was used, and 18 500
grids were divided at the county level, which more accurately re-
flected the landscape ecological risk of the study area. Many schol-
ars have explored the distribution characteristics of land use, land-
scape ecological risk, and terrain gradient separately, but research
was mostly based on single natural factor analysis, and there were
few studies that combined the three to discuss together. The land-
scape ecological risk was studied by introducing terrain gradi-

ents[] ]

. It can fully consider the impact of natural factors on risk
in areas with complex terrain and landforms. The research results
could provide a reference for land classification protection, sus-
tainable resource utilization, and regional ecological risk optimiza-
tion in karst mountainous areas to a certain extent. Due to data
acquisition and indicator selection, this paper only analyzed data
from four periods of 2010, 2013, 2016, and 2018, lacking
long-term and multi-indicator analysis and prediction in future
period. Subsequent research will focus on exploring the current

shortcomings.

4 Conclusions

In this paper, Huangping County, a typical karst mountainous
area, was taken as the research object. Eight evaluation factors
were selected from the dimensions of nature and landscape pattern
to construct a landscape ecological risk assessment model. It aimed
to explore the spatio-temporal evolution of landscape ecological risk
and the trend of risk level transformation from 2010 to 2018, as

well as the relationship between the terrain and landscape ecologi-
cal risks in karst mountainous areas.

(1) With the development of urbanization, the implementa-
tion of policies such as returning farmland to forest and grassland,
land use types underwent varying degrees of changes from 2010 to
2018. Among them, woodland decreased the most, with a total de-
crease of 1 627.37 hm’,
with a total increase of 1 303.93 hm®. During the research period,

and construction land increased the most,

a total of 3 552.31 hm® of land were transferred, with a change
rate of 2. 13% . According to the transfer situation, the transfer
among cultivated land, woodland, construction land, and grass-
land was the most obvious, accounting for 97. 98% of the total
transformed area.

(2) The annual average values of landscape ecological risk
index in 2010, 2013, 2016, and 2018 were 0.344 1, 0.4852,
0.261 4, and 0. 173 3, showing a trend of first increasing and then
decreasing. The landscape ecological risk in the entire area was
mainly low risk zone and lower risk zone, with an increase of
85 878 hm’ in risk and a decrease of 105 462 hm’ in risk. The
overall ecological risk level has shifted from high to low, and the
ecological environment of the study area has been gradually im-
proved under external intervention.

(3) There was a negative correlation between ecological risk
and terrain niche. From 2010 to 2018, only low ecological risk
zone was distributed in the middle and high terrain intervals, while
lower, low, medium, higher, and high risk zones were mainly dis-
tributed in the middle and low terrain intervals. Over time, the
impact of terrain on landscape ecological risk gradually decreased,
while the impact of human factors on landscape ecological risk be-

came increasingly prominent.
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