7 land

Article

An Adjusted Landscape Ecological Security of Cultivated Land
Evaluation Method Based on the Interaction between
Cultivated Land and Surrounding Land Types

Yifang Wang, Linlin Cheng *

check for
updates

Citation: Wang, Y.; Cheng, L.; Zheng,
Y. An Adjusted Landscape Ecological
Security of Cultivated Land
Evaluation Method Based on the
Interaction between Cultivated Land
and Surrounding Land Types. Land
2023,12,833. https://doi.org/
10.3390/1and 12040833

Academic Editors: Martin Boltiziar

and Diane Pearson

Received: 27 February 2023
Revised: 21 March 2023
Accepted: 3 April 2023
Published: 5 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Yang Zheng

College of Geoscience and Surveying Engineering, China University of Mining and Technology (Beijing),
Beijing 100083, China; bqt2000204056@student.cumtb.edu.cn (Y.W.); bqt2100204056@student.cumtb.edu.cn (Y.Z.)
* Correspondence: chll@cumtb.edu.cn; Tel.: +86-13718494391

Abstract: Because the relationship between cultivated land and the surrounding land types is not
taken into account, there existed a deviation in the assessment of cultivated landscape ecological
security. A novel methodology assessing the cultivated landscape ecological security is presented in
this study, in the grid scale adjusted cultivated landscape ecological security index by the cultivated
land disturbance index and the surrounding environment index. This method was applied in Xintai
City, Shandong Province. The results demonstrate that (1) between 1985 and 2015, there was a constant
loss of 173.2 km? cultivated land, the bulk of which was converted to building land, primarily on the
outskirts of cities. (2) The landscape ecological security of cultivated land has decreased; the bulk of
high-risk grids are located in central metropolitan areas and mining districts, and have a tendency to
spread out over time. (3) We applied a three-dimensional model to generate a spatial combination of
cultivated land and presented zoning suggestions for regional cultivated land use and management.
This assessment technique reduces errors that may occur when relying solely on landscape features
for cultivated ecological security evaluation. The evaluation’s results more accurately reflect the
impact of human activity and urban growth, are more consistent with local features, and have a
higher quality of reference value.

Keywords: cultivated landscape; landscape ecological security; cultivated land use; land interaction

1. Introduction

Cultivated land provides food and essential resources for humans, making it a crucial
component of food security and human livelihood. However, over the past half-century,
rapid industrialization and urbanization have led to the expansion of construction land,
resulting in the steady erosion of prime cultivated land surrounding cities. This trend
has caused fragmentation of cultivated land and changes in landscape patterns, leading
to a decrease in the quantity of available land for cultivation [1,2]. Changes in industrial
structure and agricultural workforce have led to the abandonment of a significant amount
of cultivated land [3], which poses a serious threat to food security [4]; additionally, the
high intensity of cultivated land use has demolished the soil function of the cultivated
land, preventing its sustainable use [5-7]. Conservation of cultivated land has long been
a concern for all governments across the world. Several countries, including China, have
implemented various measures to protect cultivated land, on the one hand by legislating to
restrict the occupation and reduction of cultivated land, and on the other hand by clearing
forest and grassland to replenish the amount of cultivated land, but these measures have
resulted in a conflict between ecological protection and agricultural production [8], which
is not conducive to the sustainability of the ecosystem’s development [5,9,10]. At the
same time, restored cultivated land often performs less efficiently in terms of production
compared to original cultivated land due to its lower quality. In China, the importance of
cultivated land fragmentation for agricultural production is gradually being acknowledged
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and therefore the negative effects of cultivated land fragmentation are being mitigated
through land transfer, intensive management and land consolidation [11].

Studies show that landscape changes can depict the morphology of the land as well
as the conditions under which its resources are used [12,13]. The ecological security of
various types of landscapes, such as cities [14], wetland [15], river basin [16], and nature
reserves [17], has been studied and demonstrated by domestic scholars. The methods used
mainly include comprehensive index analysis [18], hierarchical analysis [19], principal
component projection [20], and PSR (pressure-state-response) model [21], etc. By applying
theoretical approaches related to landscape ecological security to cultivated landscapes,
in addition to being able to quantify the dynamics of landscape patterns on cultivated
land, the structural composition and spatial relationships of the landscape can also be
clearly depicted [10,22-24]. For a long time, researchers in this field have been striving to
develop a reliable method for assessing the security of cultivated land [25]. Application of
these theories and methods to cultivated landscapes can be further used to evaluate the
cultivated landscape ecological security [7]. Some scholars have conducted research on
the subject. Turner and Gardner offered techniques for analysing cultivated landscapes in
detail and claim that long—term anthropogenic disturbance complicates the structure of
regional landscapes, i.e., that disturbance from human activities diminishes the security of
cultivated landscapes [1]. Pei et al. assessed the security of cultivated landscapes in Chinese
coastal cities [20]. Inkoom et al. used numerous landscape indicators to analyse the possible
dangers in heavily anthropogenic dominated cultivated landscapes in the Sudanese savan-
nah area [26]. Peng et al. established a landscape ecological security evaluation model for
cultivated land based on the landscape ecological security theory by selecting a landscape
index and analysing its evolution process [27]. By presenting basic methodologies and
concepts based on landscape patterns, these works have enhanced the theoretical and
methodological framework of cultivated landscape ecological security evaluation.

However, as cultivated land is an open system that interacts with other types of land,
its ecological security is often underestimated in assessments that focus solely on cultivated
landscape indicators [24,28]. Moreover, the topographic characteristics of the region can
affect the accuracy of the cultivated landscape ecological security evaluation [29]. To ensure
the precision of the results, it is crucial to examine the ecological security of cultivated
landscapes in conjunction with the surrounding land types and the interactions between
them. To address regional problems in cultivated landscapes, it is essential to analyse the
security pattern and evolution of the cultivated system. This study proposes an adjusted
assessment methodology for evaluating landscape ecological security of cultivated land
by taking into account the relationship between cultivated lands and surrounding land
types. Xintai city in Shandong Province is utilised as a validation case to demonstrate
the method’s dependability. In 2011, Xintai was designated a resource-depleted city. As
the core area of the industrialisation process, the city’s rapid urban development and
frequent mining operations have accelerated the disturbance of cultivated land, putting a
double strain on the region’s food security [30]. Examining the effects of resource-based
urban development on cultivated land is critical in this context. This research holds both
theoretical and practical significance, as it can inform the development of regional strategies
for the optimal use of cultivated land, ultimately supporting agricultural modernization
and ensuring food security.

2. Theoretical Framework

Cultivated land is the outcome of human intervention and utilization of natural land
cover for agricultural production [31]. It serves as an artificial ecosystem that connects
people to nature and is shaped by both human activities and the environment [5,6,10]. As
human civilization developed and industrial structures changed, agricultural production
zones became condensed, and the proportion of agricultural production decreased. This led
to a significant shift in the population, with many people involved in agriculture relocating
to cities, causing an abrupt increase in urban populations and city expansion [28,32,33].
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However, this shift has had negative consequences for the quality of cultivated land. The
use of chemical fertilizers and pesticides, intense human use of cultivated land, and tech-
nical improvements have all contributed to a decline in the quality of the soil and the
environment [25,27,34]. The threats to cultivated land are summarised in the following
four aspects: (1) Cultivated land conversion: due to land occupancy for development,
China loses up to 2.5-2.8 million acres of cultivated land per year, mostly in peri—urban
areas. This process is irreversible [6,11,35]. (2) Cultivated land non-grainization: as living
standards rise and the populations’ food needs to diversify, farmers are willing to plant
increasingly valuable fruits, vegetables, and cash crops instead of grain, and a sizeable
portion of cultivated land is losing its ability to produce grain [12,32]. (3) Fragmentation:
high-quality cultivated land cannot be centralized in distribution due to the construction of
industrial facilities and highways, because it is fragmented and cannot be scaled for crop
cultivation. This leads to higher management costs [32,33,36]. (4) Marginalisation: particu-
larly in mountainous and hilly regions where topographical defects result in inadequate
mechanisation and large abandonment of cultivated land to forestry, there is not enough
cultivated land to meet the needs of the population [6,12]. The interaction of cultivated
land with surrounding land types is a clear manifestation of the problems associated with
land use, which involves the process of transferring cultivated land to and from other land
types, is the most obvious outward manifestation of these problems [1,37,38]. Examples
include the interconversion of cultivated land and forests, utilised land and water, and the
occupancy of cultivated land by construction and infrastructure. The basis of the security of
cultivated land and the assurance of food security among these is the amount of cultivated
land; the availability of cultivated land has a direct impact on food production. The more
cultivated land that is available, the greater the potential for food output. However, it
is important to note that other factors, such as soil fertility, access to water, and appro-
priate agricultural practices, also play a significant role in determining food production
levels [22,39,40]. The landscape pattern of cultivated land also indicates the extent and
availability of intensive and mechanised agricultural production. When cultivated land
is clustered and contiguous, it tends to facilitate a higher degree of mechanization and
more efficient production. This is because mechanized farming techniques often require
large, uniform plots of land that can be easily accessed by machinery. The correlation
between the complexity of the terrain surrounding a field and the likelihood of farmland
conversion highlights the potential risk of agricultural land being converted for other uses.
As the surrounding land use becomes more intricate, the challenges of cultivating crops or
raising livestock increase, making it more attractive for landowners to sell or lease their
land for non-agricultural purposes. Therefore, changes in cultivated land area, cultivated
landscape pattern, and cultivated land surroundings all pose security risks to cultivated
landscape (Figure 1).
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Figure 1. Cultivated landscape security Theoretical framework.
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3. Materials and Methods
3.1. Study Area Overview

In this study, Xintai City, Shandong Province was selected as the study area to apply
and validate the evaluation method. Xintai is a county-level city located in the middle
of Shandong Province, between latitude 35°37'-36°07’ N and longitude 117°16'-118° E
(Figure 2). The city has a total land area of 1946 km? and is 68 km long from east to west
and 53 km long from north to south. It is a typical agricultural, forestry, and mining city
with a diversified topography that includes steep hills in the north, east, and south, flat
terrain in the middle, and a river depression plain in the west. Mining activity has lasted
almost fifty years, dating back to the 1970s. In 2011, it was identified as a resource-depleted
city need transformation development. Figure Al illustrates that the percentage of primary
industries is decreasing, the proportion of secondary industries is increasing and then
decreasing, and the percentage of tertiary industries is steadily rising, demonstrating a
clear pattern of transition. The need to safeguard cultivated land has increased as a result
of mines, urbanisation, and the need to preserve forests.

N
A 7771 Proposed mining boundary N

Elevation (m)
o High : 991

— Low : 105

Figure 2. Location and overview of the study area.

3.2. Data Source and Processing

The USGS Landsat Thematic Map (TM) and Operational Land Imager (OLI) images
data were used in this study to provide land use data for four time periods (1985, 1995,
2005, and 2015), which covered the stages of resource-based cities’ expansion. Radiometric
calibration, atmospheric correction, and geometric correction were applied to all images.
Land use was classified into five types: cultivated land, forestland and grassland, water,
utilized land and construction land. Land-use classification was performed by ENVI 5.2
software, while field surveys, historical records and Google Earth maps were used to
verify, correct and settle the land-use maps. The interpreted precision for 1985, 1995, 2005,
and 2015, respectively, was 90.1%, 90.8%, 91.6%, and 92.4%, which fulfilled the study’s
standards. The Shandong Provincial Planning and Design Institute provided the statistics
and vector boundary data (Table 1).
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Table 1. Data categories and sources.

Data Category Description Sources
Satellite image data Landsat-TM image(1985, 1995 and 2005) US Geological Survzy (USGS) (https:/ /www.usgs.gov)
Landsat-OLI image (2015) Accessed on 19 November 2022.
. . . Coal output and th ti f indust
Socio-economic statistics data catoutpy anout;ﬁr\?izz 1on of Austy The Shandong Provinci'al Planning and Design
Institute
Vector boundary data The boundaries of city and towns

3.3. Methods
3.3.1. Determine the Evaluation Grid Scale

In this study, the regional cultivated landscape security index was calculated by grid.
To minimize the effect of scale on evaluation results, the mean and standard deviation of
the Shannon index was used to calculate the best scale of the regional grid, which was
1.2 km in this region, and 1463 grids were constructed in total (Figure A2).

3.3.2. Landscape Ecological Security of Cultivated Land Evaluation Method

Figure 3 depicts the adjusted landscape ecological security of cultivated land evalua-
tion method, which is based on the landscape ecological security (LES), and is modified by
the cultivated disturbance index (DI) and the cultivated surrounding index (CSI).

The type and area of
cultivated land
transferred out

DI
Disturbance index

181D)
FI Edge density
Fragmentation index PD
Patch density

ALES of cultivated |] | LES of
land cultivated land SPILT

Landscape spilt index

LVI LSI
Landscape Landscape shape index

vulnerability index —

Area weighted mean shape

index

Proportional
ol relationship between
— Cultivated P

cultivated land and
surrounding land

surroundings index

Figure 3. The conceptual framework for the ALES assessment of cultivated land.

The DI measures the extent of cultivated land that has been converted to other land-use
types within each assessment grid during a specific time period. A higher value implies a
greater degree of cultivated land disturbance, i.e., a higher risk to the landscape ecological
security of cultivated land. CSI is indicated by the ratio of cultivated land to other land
types in the grid. A smaller proportion of cultivated land in a grid indicates a higher
potential risk of conversion to other land uses. Therefore, a higher CSI value signifies a
greater susceptibility of cultivated land to conversion and a higher potential risk level.

1. Calculation of cultivated landscape ecological security index

The landscape ecological security of cultivated land index is considered from both
the cultivated fragmentation index (FI) and the cultivated landscape vulnerability index
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(LVI). Among them, FI quantifies the degree of fragmentation of cultivated land patches,
higher values of FI indicate the worse the agricultural output efficiency. PD is commonly
used to reflect the degree of fragmentation or patchiness of the overall landscape, with high
patch density indicating small patch size per unit area and high landscape heterogeneity,
and ED reflecting the complexity of the patch’s edges, with higher values indicating
higher fragmentation [29,38,41]. In order to eliminate the effect of inconsistent units of
measurement, we normalised the results for both, with values in the interval [0, 1], and
finally sum the two values with equal weights. The formula for calculation is shown below:

L
ED = — 1
A/ ()

N
PD = — 2
A/ ()

PD + ED

Fl=——0 =2, 3

where L is the perimeter of the cultivated land patch, N is the number of cultivated land
patches in the grid and A is the total area of the cultivated patches in the grid.

The landscape vulnerability index (LVI) represents the availability, stability, and re-
silience of cultivated land to external perturbation. SPLIT indicates the degree of landscape
fragmentation, which reflects the complexity of the spatial structure of the landscape as well
as, to some extent, the degree of human interference in the landscape. In general, the higher
values of fragmentation indicate more impact on the landscape caused by humans [24].
The LSI calculates the degree to which a patch shape deviates from a circle or rectangle of
the same size, representing the variability of the landscape patch; higher irregularity in the
patch is indicated by higher LSI values [40]. Higher AWMSI values imply poorer utilisation
efficiency and availability of cultivated land resources [42]. The formula for calculation is
shown below:

2
SPLIT = 7,1’4 50 4)
i=1%
25E
LSI = 0-25E , 5)
VA
1 L a;
AWMSI = [ Lox 1], (6)
l.; 4@ A
LVI = &« x SPLIT + B x LSI +vy x AWMSI, (7)

where 7 is the total number of cultivated patches, L; is the perimeter of cultivated patch i,
a; is the area of cultivated land patch i, and A is the total area of cultivated patches in the
grid. According to a previous study on the LES of cultivated land, & was set to 0.59, 3 was
set to 0.28, y was set to 0.12 [20,29].

LES = FI x LVI. (8)

Cultivated landscape indicators were calculated through Fragstats 4.2 software. Culti-
vated landscape security indicators LES were calculated via ArcGIS 10.2 software.

2. Adjusted landscape ecological security index calculation method

DI is determined by the types and amount of land converted from cultivated land
during the monitoring period. The higher DI values indicate a higher risk of disruption on
cultivated land inside the grid. According to the findings of the changes in cultivated land,
cultivated land, forest land, utilized land, and water occurred interconversion. However,
cultivated to construction land conversion is irreversible, posing the greatest risk of crop-
land. Moreover, the conversion between cultivated land and forest land and grassland is
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the most common and widespread, and can help to supply additional cultivated land while
promoting ecological functions. According to field survey, an increasing number of farmers
are choosing fruit trees and forestry over food agriculture, which provide greater returns
and have a positive influence on improving economic output. As a result, the conversion to
wooded grassland reduces the weight assigned to the DI value. Based on the hierarchical
analysis [29], « was set to 0.29, § was set to 0.18, v was set to 0.42 and 6 was set to 0.11. CSI
is the ratio of cultivated land to other land types inside a grid that reflects the potential
risk index of cultivated land within the pixel, with higher CSI values indicating a higher
proportion of cultivated land and a lower potential danger. The formula for calculation is
shown below:

DI =aXTOp+ B X TOw+ v xTOc+ 9 x TOy, )
A2
CSl = —=, (10)
i1 A7
(1+DI)
ALES = ———— X LES 11
(1+csh) (1)

where A;_; is the area of cultivated land in the image element and )} ; A; is the area of all
land types in the image element.

3.3.3. Cultivated Land Use and Management Zoning Identification

We applied a three-dimensional model to generate a spatial combination of cultivated
land features and presented zoning suggestions for regional cultivated land use and man-
agement based on the evaluation results of the ALES. Specifically, the three dimensions
of the model consist of the three aspects of cultivated DI (X), CLSI (Y) and CSI (Z). As
shown in Figure 4, the natural breakpoint method classifies X, Y and Z into four classes
(lowest, lower, higher and highest, corresponding to the numbers 1, 2, 3 and 4). The higher
value indicates a higher risk to the cultivated land. To enhance homogeneity and reduce
intra-group variability, we integrated the 64 categories with the help of relevant specialists.
Finally, the research area was subsequently separated into four regions: cultivated land
stabilization region, cultivated land consolidation region, characteristic farming region and
edge protection region (Table 2).

Table 2. The rules of cultivated land zoning identification.

Region Name

Zoning Standards and Combinations X-Y-Z Region Features

Cultivated land stabilization region

The main area of agricultural
production, which is concentrated
and less disturbed.

(1-1-1), (1-1-2), (1-2-1), (1-2-2), (2-1-1), (2-1-2),
(2-2-1), (2-2-2)

(1
Cultivated land consolidation region  (2-2-3), (2-2—-4), (3-1-3), (3—
4

A relatively large proportion of the
cultivated land, but the pattern is
fragmented due to human activity
and topography.

(1-1-3), (1-1-4), (1-2-3), (1-2-4), (2-1-3), (2-1-4),
1-4), (3-2-3), (3-2-4),

(4-1-3), (4-1-4), (4-2-3), (4-2-4)

Edge protection region

(3-1-1), (3-1-2), (3-2-1), (3-2-2), (4-1-1), (4-1-2),
(4-2-1), (4-2-2), (3-3-1), (3-3-2), (4-3-1), (4-3-2),
(4-4-1), (4-4-2), (3-4-1), (3-4-2), (3-3-3), (3-3-4),
(3-4-3), (3-4-4), (4-3-3), (4-3-4), (4-4-3), (4-4-4)

With a high risk of disruption, they
are distributed in urban and hilly
peripheral regions.

It is situated in a rugged and hilly
(1-3-1), (1-3-2), (1-4-1), (1-4-2), (2-3-1), (2-3-2), terrain that is intermingled with

Characteristic farming region (2-4-1), (2-4-2), (1-3-3), (1-3-4), (1-4-3), (1-4-4), forestland and grassland, with

(2-3-3), (2-3-4), (2-4-3), (2-4-4) apparent fragmentation and a minor
fraction of agricultural land.
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Figure 4. The diagram for cultivated land zoning identification three-dimensional model.

4. Results
4.1. Cultivated Land Change Results

Based on the results of land-use classification in Xintai, a total of 173.2 km? of cultivated
land was changed to other land types between 1985 and 2015, accounting for 11.7% of
total cultivated land area. Specifically, 154.3 km? of cultivated land was transformed
into construction land, while 14.36 km? turned to forestland and grassland. As shown
in Figures 5 and A3, the conversion to construction land occurs mainly near the city and
on the fringes of the mining area, indicating the characteristics of a resource-based city
founded on mining, representing the simultaneous pressures of mineral extraction and
urban growth on cultivated land encroachment. Moreover, 84.1 km? of other land types
were converted to cultivated land, with 82.1 km? coming from forestland and grassland,
primarily in the northern and southern highland hilly areas, where forestland and grassland
and cultivated land coexist in a more dispersed spatial distribution. We also determined
that the geographical pattern indicates that forest land and cultivated land interconverted
during the same time period.

Figure A4 illustrates that the area of cultivated land converted to other land types
increases over the three monitoring time periods, particularly in the transformation of
cultivated land into construction land, forestland, and grassland. Conversely, the area of
forestland and grassland that has been converted into cultivated land is decreasing year by
year. When considering the industrial structure, it is evident that with resource extraction,
the proportion of industry in the industrial structure is growing, while urban building
and human activities have hastened the decrease in cultivated land. Along with resource
depletion, the industrial structure transformation process is progressively diminishing the
percentage of primary industry. Farmers are becoming less and less inclined to practice
farming since the income from food production is no longer sufficient to meet their needs
for a living. Furthermore, cultivated land in the highland steep parts is vulnerable to
severe soil and nutrient erosion, and its productivity is lower than that of the plains, while
geography restricts fragmentation, low mechanization, and higher management costs. The
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majority of farmers have shifted their focus away from agricultural production and tend
to fruit plants and forests instead. Moreover, the formulation of regional environmental
protection objectives, as well as the steady execution of the policy of returning farmland to
forestry, has led to the conversion of cultivated land to forestland and grassland.

Proposed mining boundary
Cultivated land

I Forestland and grassland

I water

I Utilized land

I Construction land
0 10KM

'

Figure 5. Land-Use Classification Map.

4.2. Results of Cultivated Land DI and CSI

According to the distribution of DI values throughout time, high values were con-
centrated around mine margins between 1985 and 1995 (Figure 6(al)), which is related
to the development of the mining sector, population concentration, and city expansion.
In addition to being concentrated on the suburbs of cities, the geographical distribution
extended further between 1995 and 2005 (Figure 6(a2)). Outside the original urban area, DI
values increased in the Xizhangzhuang town, Yangliu town, and the western Yucun town
and Loude town between 2005 and 2015 (Figure 6(a3)), which is associated to the creation
of regional urban sub-centres.

The CSI represents the potential danger of cultivated land conversion. The lower
the value, the lower the proportion of cultivated land inside the grid and the higher the
likelihood of convert to other land types, the higher the potential risk. Between 1985 and
1995, low-value regions were distributed in the northern and southern mountainous hilly
regions, where forestland and grassland were more prevalent. In addition, there are other
low-value areas scattered around mining areas that might be developed into construction
property (Figure 6(b1)). Over time, CSI values have tended to decline significantly around
cities and to extend outward (Figure 6(b2,b3)), showing that the amount of cultivated land
around cities and rural towns is steadily diminishing. Additionally, CSI values in the
central plains have grown, indicating that people are paying attention to the conservation
of cultivated land resources in the plains and expanding the amount of cultivated land
through land reclamation (Figure 6(b2)). There is also an increase in CSI values in the
northern and southern hilly areas, which is tied to the local strategy of cultivated land
consolidation projects and restocking cultivated land resources.
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Figure 6. Temporal-spatial distribution of cultivated land DI and CSI. (al) disturbance index (DI)
in 1985-1995. (a2) disturbance index (DI) in 1995-2005, (a3) disturbance index (DI) in 2005-2015.
(b1) cultivated surrounding index (CSI) in 1985-1995. (b2) cultivated surrounding index (CSI) in
1995-2005. (b3) cultivated surrounding index (CSI) in 2005-2015.
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4.3. Estimated Results of ALES

To facilitate comparison, LES and ALES values are normalized. The natural breakpoint
method was used to classify the assessment results into four levels of security (I, II, III, and
IV, with values increasing from I to IV; the higher the level, the higher the risk to cultivated
land), which could then be used to compare changes in grid risk levels. Table 3 shows the
detailed classification criteria for the LES and ALES levels.

Table 3. LES and ALES value grading standards.

Level Range

Level I Level II Level III Level IV
LES 0.000~0.093 0.094~0.229 0.230~0.424 0.425~1.000
ALES 0.000~0.102 0.103~0.220 0.221~0.357 0.358~1.000

Over the three monitoring periods, the spatial distribution of the FI and LVI (Figure 7)
are consistent with the cultivated LES (Figure 8) results. The higher risk areas of LES are
located in the northern, central, and southern mountainous hilly regions and do not vary
significantly across the three time periods. Compared to 1985-1995 (Figure 8(al)), 88 grids
(6.02% of the total) increased in risk from 1995 to 2005 (Figure 8(a2)), and 86 grids (5.87% of
the total) increased risk from 2005 to 2015 (Figure 8(a3)). These increases in risk are mostly
scattered throughout the city, with the northern, southern, and central mountainous hilly
regions being particularly vulnerable. The results indicated landscape security around the
urban edge too hazily, despite the fact that this area has a very variable pattern of land
use. This is a result of the topographic circumstances in these places, which naturally mix
cultivated land with forestland and grassland. Hence, when just the landscape features of
cultivated land are taken into consideration in the LES of cultivated land evaluation, the
dynamic change in landscape security is ineffective. This biases the evaluation results and
supports our hypothesis.

The results of the cultivated ALES (Figure 8(b1-b3)) evaluation differ greatly from
those of the LES assessment and more accurately depict the ways in which urbanization
and human activity have changed agricultural landscapes. The results show that 104
grids (7.12% of the total grids) and 358 grids (24.47% of the total grids) from 1995 to 2005
(Figure 8(b2)) and 2005 to 2015 (Figure 8(b3)), respectively, had an increase in risk level
relative to the previous period. The grids of increased risk are mainly located near mining
and suburban regions and have a tendency to spread out over time. The results of the ALES
evaluation for cultivated land indicate a widespread decline in the level of security for
urban and mining areas. Even if it has been slightly improved, the farmed terrain around
the city is not protected. However, this risk continues to exert pressure in the majority
of areas. The ALES of cultivated land assessment is better suited for hilly regions as it
accurately reflects the effects of human activities and reduces the impact of topography on
the evaluation results. It also provides a more precise representation of the effects of urban
sprawl on cultivated land.

4.4. Zoning Results for Cultivated Land Use and Management

Based on the results of the zoning of cultivated land use and management calculated
by the three-dimensional models, we visualized them and the results are shown in Figure 9.
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Figure 7. Temporal-spatial distribution of cultivated land FI and LVI. (al) fragmentation index (FI)
in 1985-1995. (a2) fragmentation index (FI) in 1995-2005, (a3) fragmentation index (FI) in 2005-2015.
(b1) landscape vulnerability index (LVI) in 1985-1995. (b2) landscape vulnerability index (LVI) in
1995-2005. (b3) landscape vulnerability index (LVI) in 2005-2015.
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Figure 8. Temporal-spatial distribution of cultivated land LES and ALES. (al) landscape ecological
security (LES) in 1985-1995. (a2) landscape ecological security (LES) in 1995-2005. (a3) landscape eco-
logical security (LES) in 2005-2015. (b1) adjusted landscape ecological security (ALES) in 1985-1995.
(b2) adjusted landscape ecological security (ALES) in 1995-2005. (b3) adjusted landscape ecological
security (ALES) in 2005-2015.
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Figure 9. Spatial distribution of cultivated land zoning identification results.

Cultivated land stabilization regions (green regions) are areas that have been devel-
oped to be more resilient to disturbances caused by human activity, typically located in
plain regions that are far from cities. The benefits of concentrated spatial distribution
and the practical use of cultivated land resources should be fully exploited, and it should
encourage the growth of large-scale operations, modern agriculture, resources, and agricul-
tural production facilities. To optimize the use of cultivated land resources, it is imperative
to prioritize agricultural technology innovation. The usage of cultivated land should con-
centrate on enhancing living and production conditions, including the development of
infrastructure for water conservation, and farmland protection. For instance, field design
for roads, irrigation and drainage systems, and field protection forests.

In cultivated land consolidation regions (yellow regions), the cultivated resources have
obvious advantages of scale and convenience, but their spatial organization is dispersed and
fragmented, particularly in regions where plains and hills intersect. The scale of cultivated
land management is increased to accommodate irrigation, drainage, and mechanized
farming demands by taking steps to level abandoned ditches and ridges. Conditions for
moderate size farmland management and agricultural modernization will be created by
the merger of small scattered fields and the concurrent modification of land tenure.

Characteristic farming regions (pink regions) are primarily located in mountainous
and hilly regions, and because of the topography of the land, which is interspersed with
forestland and grassland, this leads to a serious fragmentation of cultivated land. To address
this issue, farmers should be encouraged to develop specialized agricultural planting in
accordance with local conditions, such as appropriate fruit tree relaxation and economic
forest, which can increase their income while preserving the stability of the cultivated land
system and conforming to the surrounding terrain.

In edge protection regions (red regions) optimizing the spatial organization of culti-
vated land, merging rural construction land consolidation, and encouraging a concentrated
and continuous layout should be the main goals. To achieve this, rural construction land
consolidation should be performed in rural communities with a fragmented and chaotic
spatial layout, with the main objective of promoting the concentration of farmers’ residen-



Land 2023, 12, 833

15 of 20

tial land and the continuous distribution of cultivated land. Rural communities should
specifically retain the productive function of cultivated land, intensify construction growth,
and minimize disruption to cultivated land.

5. Discussion

Cultivated land security is crucial aspect of the interplay between human activi-
ties, socioeconomic growth, and the conservation of cultivated land resources. It results
from a combination of environmental, economic, and social factors [43,44]. Achieving
the objectives of ensuring the security of cultivated landscape and fostering sustainable
socioeconomic development has become increasingly challenging due to various factors,
including limited availability of cultivated land resources, fast population increase, and
urbanization [45,46]. To ensure the preservation of cultivated land and prevent its fragmen-
tation, land management methods such as land preparation have been employed [5,9,26,47].
The Chinese government is taking measures to improve the fragmentation of cultivated
land and ensure the sustainability of the land by investing in the construction of high-
standard farmland and land reclamation [48-50]. Unfortunately, because uniform models
of cultivated land preparation fail to account for regional differences in resource and envi-
ronmental use and partially undermine local distinctiveness, there is a disconnect between
larger-scale resource use objectives and smaller-scale improvements in cultivated land
use [51,52]. To ensure effective decision-making regarding resource use and agricultural de-
velopment planning, it is crucial for policy-makers such as national and local governments
to have a comprehensive understanding of the condition of cultivated land. This includes
an understanding of its multiple dimensions, including landscape character, resource scale,
and spatial distribution. By taking these factors into consideration, policy-makers can make
informed decisions that are both practical and sustainable.

In order to achieve higher quality and sustainable cultivated land use, a scientific and
reasonable evaluation of the cultivated landscapes ecological security can serve as a guide
for the rational design and categorization guidance of land consolidation planning [36,53].
A comprehensive evaluation of the ecological security of cultivated landscapes serves
as a crucial foundation for planning the geographical distribution of essential resources,
resource use, and regional agricultural development plans. However, current research
on local natural environmental conditions and agricultural production methods tends to
overlook important factors such as topography, meteorology, hydrology, soil conditions,
cropping systems, and irrigation and drainage methods, as well as the natural, spatial,
and utilization characteristics of cultivated resources. As a result, there is a serious spatial
mismatch between regional cultivated resources, including the scale, spatial pattern, and
regional differences, that needs to be addressed [35,54].

The new theory of cultivated landscape ecological security that takes into account the
spatial relationships and natural characteristics of the interaction between cultivated land
and the surrounding land types is crucial to solving the problem of evaluating cultivated
landscape security and improving its suitability for local characteristics. The study’s useful
references and recommendations can aid in evaluating and optimizing the ecological
security of cultivated landscapes in mountainous and hilly locations. This is crucial for
effectively utilizing cultivated land resources and ensuring national food security.

Combined with the research findings, we recommend:

1.  Promoting the improvement and transfer of cultivated land, effectively managing
the resources of rural cultivated land, enhancing pertinent rules and regulations, and
controlling the uses of cultivated land. On the basis of thorough research, the national
legislature should aggressively develop a solid legal structure for land transfer, super-
vise the transfer of rural land in compliance with the law, and establish a framework
for dispute settlement. In order to guarantee the quantity of cultivated land and boost
capacity per unit, it is crucial to implement strict management practices for land use
after restoration.
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2. Considering the issue of abandonment, which is still widespread. Farmers are earning
lower returns, which is leading to a decline in their willingness to engage in agri-
cultural production. The cost of managing cultivated land and agricultural food is
rising, and the number of people engaged in agricultural production is declining.
This trend is leading to an increase in the phenomenon of abandoned cultivated land.
Farmers have the option to grow cash crops that require low management costs, such
as forestry or oil crops, in regions where cultivated land is fragmented.

3.  Improving advice on the use and protection of cultivated land resources. Cultivated
landscape ecological security should be utilized as a scientific planning foundation
and its execution should be enhanced. Governments have the responsibility to monitor
changes in cultivated landscapes, including the amounts, forms, causes, methods,
and all their repercussions, through rigorous and thorough surveys on an annual or
frequent basis. Therefore, when making appropriate planning changes, revisions, or
redesigns, resource allocation decisions regarding financing, markets, agricultural
infrastructure, and regional development strategies should take into account regional
variations in cultivated landscape security.

This study had some limitations, including the small amount of data that was available,
which prevented it from studying changes in cultivated land outside of urban areas, which
would have been more practically useful had the study’s scope been restricted to villages.

6. Conclusions

Cultivated land serves as a crucial role in connecting people and the environment.
To preserve cultivated resources and people’s livelihoods, it is important to evaluate
the ecological security of the landscape where cultivation occurs. Landscape ecological
security (LES) evaluation method applied in cultivated land may cause inaccuracies by
only assessing landscape elements of cultivated land. Thus, we expanded LES to adjusted
landscape ecological security (ALES) evaluation system by adding the assessment of the
interaction between cultivated land and the surrounding land types, which significantly
reduce such inaccuracies. To verify the feasibility of ALES evaluation method, we apply it
in Xintai City, Shandong Province.

This study indicates that between 1985 and 2015, 173.2 km? of regional cultivated
land was continually transferred or relocated due to mining and urban expansion. This
land was generally converted to construction land, primarily in the mining region and
urban periphery.

The regional LES high risk rating is a scattered distribution across the city, while
there are long-term high-risk locations in the mountainous and hilly areas in the north,
south, and in the middle areas. It is clear that topography has a significant impact on the
assessment results. Most of the high-risk grids of ALES, except for a few scattered locations
in the mountainous areas which are located near urban centers and mining areas, showed a
tendency to expand outwards over time.

The evaluation results reduced impact of natural elements such as elevation and terrain
on the cultivated landscape ecological security, more accurately reflecting the impact of
human activity and urban growth, which is more consistent with local features. The ALES
evaluation system is suitable for mountain city cultivated landscape security evaluation
and has a higher quality of reference value for optimized allocation of cultivated land
resources and ensuring the food security.
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