Pre prints.org

Article Not peer-reviewed version

Examining the Spatiotemporal Evolution
of Land Use Conflicts from an
Ecological Security Perspective: A Case
Study of Tianshui City, China

Yifei Li “and Qiang Liu

Posted Date: 4 February 2025
doi: 10.20944/preprints202502.0173.v1

Keywords: land use conflict; ecosystem service value; ecological risk; FLUS model

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2112960
https://sciprofiles.com/profile/953751

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0173.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Examining the Spatiotemporal Evolution of Land Use Conflicts

from an Ecological Security Perspective: A Case Study of
Tianshui City, China

Yifei Li land Qiang Liu 12*

1 College of Resources and Environmental Engineering, Tianshui Normal University, Tianshui 741000, China
2 State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and Water Conservation, Chinese
Academy of Sciences and Ministry of Water Resources, Yangling 712100, China

* Correspondence: guangmingliu1983@163.com

Abstract: Land use conflicts pose a growing challenge to sustainable development, particularly in regions experiencing
rapid urbanization. This study examines the spatiotemporal dynamics of land use conflicts and their ecological
implications in Tianshui City from 1980 to 2020. The objectives are to identify patterns of spatial heterogeneity, explore
the driving factors behind land use conflicts, and analyze their relationship with ecological risks.The natural breaks
(Jenks) classification method was employed to categorize land use conflicts into five levels, ranging from no conflict to
severe conflict, with classification accuracy evaluated using the Kappa coefficient, achieving a minimum value of 0.83.
Semivariance geostatistical analysis was applied to assess spatial heterogeneity, revealing that structural factors such
as topography and climate dominated in the early years, while stochastic factors, including urbanization and socio-
economic development, became increasingly influential over time. Bivariate LISA clustering analysis highlighted a
strong spatial correlation between high land use conflicts and ecological risks, particularly in areas undergoing rapid
transitions, such as the conversion of arable land to urban uses.The results indicate a significant expansion of high-
conflict and severe-conflict zones, particularly in urban and agriculturally fertile regions, accompanied by a decline in
conflict-free areas. The aggregation of high-risk activities, such as urban sprawl and industrial development, has further
exacerbated ecological risks. These findings underscore the need for integrated land use policies that prioritize
ecological protection, promote sustainable urban expansion, and mitigate the impacts of land use conflicts. Future
research should incorporate emerging drivers, such as climate variability, and develop advanced models to improve
the prediction and management of land use conflicts and their ecological consequences.

Keywords: land use conflict; ecosystem service value; ecological risk; FLUS model

1. Introduction

Achieving sustainable socio-economic development on a global scale has become a shared goal for humanity[1].
However, land use conflicts have emerged as a critical obstacle to the sustainable utilization of land resources, attracting
significant attention worldwide[2]. The concept of "conflict," rooted in Western sociology, refers to the incompatibility
or mutual exclusion between two or more social units[3], often resulting in psychological or behavioral
contradictions[4]. As human activities increasingly strain land resources[5], scholars have extended the concept of
conflict to the realm of resource utilization, positing that land use conflicts fundamentally reflect interest-based disputes
arising from competing claims on land[6]. This has prompted extensive research into the concept, drivers, and dynamics
of land use conflicts, leading to the emergence of diverse theoretical perspectives[7]. The modern study of land use
conflicts gained prominence in the 1960s and 1970s, as these conflicts became more frequent due to the global scarcity
of land resources[8]. This issue was particularly acute in developing countries with uneven resource distribution and
in nations undergoing rapid industrialization[9]. Land use conflicts are widely regarded as the product of both internal
and external factors[10]. Internally, they arise from the inherent multi-suitability and limited availability of land
resources[11]. Externally, social factors such as urban expansion, population growth, and increasing demands for land
intensify the competition and exacerbate conflict development[12].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In recent years, research on land use conflicts has primarily centered on conceptual frameworks, causal analyses,
and theoretical diagnostics[13]. However, practical application studies remain relatively underdeveloped[14].
Specifically, there is a significant gap in comprehensive assessments of land use conflict intensity within specific regions,
investigations into the intrinsic mechanisms driving the evolution of such conflicts, and simulations or predictions of
future land use disputes[15]. These limitations underscore the need for more targeted, region-specific, and forward-
looking analyses[16]. Ecological security research, on the other hand, emphasizes the coordination between socio-
economic development and ecological protection[17]. It underscores the dual imperative of preserving natural
ecosystems while optimizing their sustainable use to support human development. Grounded in the "Pressure-State-
Response" (PSR) model and an ecosystem indicator framework, ecological security research predominantly focuses on
balancing production and living functions[18]. However, limited attention has been given to exploring the coupling
relationship between ecological security and land use conflicts, or to understanding the evolutionary mechanisms
underlying these conflicts from an ecological security perspective[19]. Addressing land use conflicts through the lens
of ecological security is therefore essential to advancing both theoretical and practical knowledge in this field[20].
Methodologically, a range of approaches have been employed to study land use conflicts[21], including participatory
surveys, PSR models, landscape ecological risk assessments, evaluation game theory, and multi-objective planning
methods[22]. These tools provide a strong foundation for integrating ecological security considerations into the analysis
of land use conflicts, enabling more holistic and sustainable solutions[23].

With the rapid development of the Tianshui urban agglomeration, there is a pressing need to coordinate the
dynamic processes and coupling mechanisms among urban growth, arid-zone agriculture, and the ecological
environment[24]. To address this challenge, the present study establishes a comprehensive framework for measuring
land use conflicts from the perspective of ecological security. Specifically, it integrates an ecosystem service value
system and ecological risk indicators within an ecological security framework, using them to characterize and overlay
responses related to land use conflicts. This approach enables a detailed analysis of the spatiotemporal evolution of land
use conflicts in Tianshui City, along with simulations of their spatial patterns under various future scenarios. The
findings offer significant theoretical and practical insights for safeguarding regional ecological security while balancing
ecological protection with socio-economic development. Moreover, this research extends existing studies on land use
conflicts, broadening both the content and scope of investigations into land use change.
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2. Materials and Methods

2.1. Study Area

Tianshui City lies between 104°35’ and 106°44' E longitude, and 34°05" and 35°10" N latitude.This
region features a complex mountainous terrain with an elevation gradient that rises in the northwest
and descends in the southeast, ranging from 751 m to 3116 m, with an average elevation of
approximately 1925 m.The highest peak, Tianye Liang, stands at 3116 m, while the lowest point,
Niubei Village, is at 751 m.Tianshui spans the Yangtze River and Yellow River basins, with the West
Qinling Mountains acting as the watershed divide. The northern area lies within the Weihe River
basin, while the southern region is part of the Jialing River basin.Tianshui City experiences a
temperate monsoon climate, with an annual average temperature of approximately 11°C and a frost-
free period of about 185 days.The annual average precipitation is approximately 574 mm, decreasing
progressively from southeast to northwest.Based on China's 2024 national census, Tianshui covers an
area of approximately 14,300 square kilometers and supports a resident population of about 3.72
million.Rapid urbanization and population growth in Tianshui City have significantly altered land
use patterns, affecting various aspects of the ecological environment.As a rapidly urbanizing city in
China, Tianshui faces growing demands for land resources to accommodate human habitation and
development.However, this process has exacerbated conflicts between ecological conservation and
land use practices.

80°0'0"E  100°0'0"E  120°0'0"E 140°0'0"E  96°0'0"E ~ 102°0'0"E  108°0'0"E
1 T L] T L} l'\l
A z
]
z N
o B
&
=
g z
= =
S 54
) - o
; ] -
=== National bound: Tianshui Cily boundary
Z iansu provinee baundary 4 :
| B ] adminisiive .
S [ o 56 826
P=3 i 0 1ot e $ 0 250 50 1,600
O | B sy e ——— — 112s000000] S sy e —
N
z g
=3 ]2
2 Z
= B
z z
g =l
- | -
by by
2 n
z Z
2 >
3 R
{* Government resident
z Z
= | — Main river =3
in | 5 S 12
5 [] Administrative arca 5
F | o 3116 <
25 50
— !
7511 1 1 — 1 = 1 1 1 N 1
104°45'0"E 105°15'0"E 105°45'0"E 106°15'0"E 106°45'0"E

Figure 1. Schematic diagram of the study area.

2.2. Data Sources and Processing
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The datasets employed in this research primarily include the following:DEM data, sourced from
the GDEM product on the Geospatial Data Cloud Platform, with a spatial resolution of 30 meters.
Slope and terrain ruggedness were derived using GIS spatial analysis tools.NDVI data, retrieved
from NASA's website, comprises 16-day composite MODIS data with a spatial resolution of 250
meters. NDVI values and vegetation coverage were computed using the Maximum Value Composite
(MVC) method.Meteorological data, acquired from the China Meteorological Data Network’s
standard climate dataset, includes daily observational records.Road network, river network, and
administrative vector data, obtained from the China Resource Environment Science Data Platform
(https://www.resdc.cn/).Economic indicators for Tianshui City, including GDP, per capita GDP, total
values of secondary and tertiary industries, population size, agricultural and urban population
counts, and population density, were primarily derived from the statistical yearbooks of Gansu
Province and Tianshui City.

2.3. Research Methodology

2.3.1. Construction of the Land Use Conflict Measurement Model

Land use conflicts from an ecological security perspective mainly arise from contradictions and
spatial competition caused by the misalignment and overlap of arable land, construction land, and
ecological safety spaces under intensive human activities[25]. The PSR model and its extended
variants within landscape ecology provide a framework for evaluating complex environmental
issues[26], resource security challenges, and sustainability concerns related to land use. This
approach integrates fuzzy mathematical methods to establish evaluation criteria for land ecosystems,
analyze causal relationships between system elements, and monitor continuous feedback
mechanisms among indicators[27]. Characterized by its systematic and comprehensive nature, this
methodology effectively identifies causal chains between human activities and their impacts on
ecosystems.Consequently, this methodology facilitates the diagnosis of land ecosystem states and
responses to land use pressures, offering valuable insights into land use conflict analysis[28].

The indicator system for land use conflicts comprises key elements within the PSR model[29].
Pressure (P) represents the intensity and trends of land resource development and utilization, driven
by anthropogenic factors that threaten the ecological environment of arable land[30]. The Land Use
Disturbance Index, as a major indicator of external causes and risks for land use conflicts, represents
the landscape's resilience to external disturbances and its self-recovery capacity, reflecting the
pressures faced by the land system[31]. Within the PSR model, State (S) reflects changes in the
elements of the land ecological environment. The Vulnerability Index captures states of damage
resulting from an inability to adapt to environmental and social changes.Response (R) in the PSR
model reflects societal or individual measures aimed at halting, mitigating, preventing, or reversing
adverse changes to land ecosystems[32].From the perspective of land use systems, the Stability Index
reflects both the consistency and continuity of production processes, as well as the persistence of
system states or spatial forms, including their inherited characteristics (Figure 2).
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Figure 2. Research design.

This research, guided by the proposed model and tailored to the resource and environmental
characteristics of Tianshui City, seeks to develop a comprehensive index (F) for assessing land use
conflict. This index is based on three key components: the System Interference Degree Index
(FAWMPED), the Vulnerability Index (FFI), and the Stability Index (FSI)[33].A systematic evaluation
method is proposed, requiring the standardization of calculation results within the range of (0,
1)[34].The calculation formula is presented as follows:

F=F awmprp+Fr-Fsi (1)

The Land Use Disturbance Index (FAWMPFD measures the extent of disturbance across
landscape units, with higher values reflecting a greater degree of impact.The formula for its
calculation is provided below:

- 21n(0.25P; aij

FAWMPFDzz Z[M X (—“)]

i=1 j=1 In aj A ?)

In the formula: Pjj represents the perimeter (km) of the j-th patch of land use type i; a5 denotes
the area (km?) of the j-th patch of land use type i ; A represents the total area (km?) of all land use
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types within the spatial unit; m indicates the total number of land use types; and n refers to the total
number of patches within the spatial unit.

The Land Use Fragility Index (Frr) measures the extent to which spatial patches are affected by
external pressures. Higher Fr values indicate greater susceptibility to external impacts and an
elevated likelihood of land use conflicts[35].

u ai
Fr = Z Fix—
= A
In this formula: ai represents the area (km?) of land use type iii within the regional unit, F: denotes
its corresponding vulnerability, A is the total area (km?) of all land use types in the regional unit, and
m indicates the total number of land use types.
The Land Use Stability Index (Fsi) measures the degree of stability within spatial units. Higher
Fsi values reflect stronger impacts, which may exacerbate land use conflicts[36].The calculation
formula is presented below:

Fo =1- o
A @
In this formula: A denotes the total area (km?) of all land use types within the regional unit, and

ni refers to the number of patches of the i-th land use type within the regional unit.

2.3.2. Modeling and Forecasting the Spatial Distribution of Land Use Conflicts

To analyze the spatial distribution characteristics of land use in 2030, this study utilizes the FLUS
model, which integrates two key components: a neural network (ANN) for calculating occurrence
probabilities and a cellular automaton (CA) with an adaptive inertia competition mechanism[37].
Initially, land use data is combined with geographic detection factors, and the occurrence probability
for each land type is computed at the pixel level using ANN, yielding development probabilities for
various land categories[38]. Next, a roulette wheel selection-based competitive mechanism is applied
to generate simulated land use prediction maps for Tianshui City in 2030.

The driving factors incorporated into the model are categorized into five major groups: natural,
transportation, population, economic, and social factors, encompassing a total of 20 specific
elements[39]. Natural spatial factors include elevation, slope, aspect, annual average temperature,
precipitation, and proximity to rivers (Figure 2). Transportation factors comprise distances to
highways, railways, national roads, and local roads, including provincial and county roads (Figure
3). Population factors include total population, urban population, agricultural population, and
population density (Figure 4). Economic factors encompass GDP, per capita GDP, and the gross
output values of the secondary and tertiary industries (Figure 5). Social factors are represented by
proximity to administrative districts and the annual cultivated land area (Figure 6).
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Figure 3. Natural spatial factors.

2.4. Ecological Risk Assessment System

In landscape ecology, the size of landscape samples should range from 2 to 5 times the average
patch size to accurately capture the pattern characteristics of the surrounding landscape[40]. In Study
Area 5, the average patch size of land use landscapes ranges from 0.3 to 0.4 km?2.To identify potential
ecological risks associated with land use and optimize the structure of land use landscapes, this study
constructed a relationship model between land use and ecological risk using a grid sampling method
(Formula (5))[41].Based on the scope of the study area, an 800 m x 800 m square grid was employed
for sampling, delineating a total of 22,960 risk zones[42].

N AL
ERli= ZﬂRi
= ®)

In this formula, ERIi denotes the ecological risk index for the i-th risk zone, which is directly
proportional to the level of ecological risk. Ak represents the area (km?) of land type iii within the k-
th risk zone, Ak is the total area (km?) of the k-th risk zone, and R: indicates the landscape loss index
for land type i.
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Ri = SixVi (6)
In the equation, Si represents the Landscape Disturbance Index, while Vi denotes the Landscape
Vulnerability Index.

Distance from high speed(km) Distance from the railway(km) ;'\

Figure 4. Transportation factors.
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Figure 5. Population factors.
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Figure 7. Social factors.
3. Results

3.1. Spatiotemporal Dynamics of Land Use Conflicts and Their Ecological Implications

3.1.1. Spatiotemporal Dynamics and Patterns of Land Use Conflicts

We employed ArcGIS to apply the natural breaks (Jenks) method for classifying land use
conflict. This approach optimizes the partitioning of data by maximizing between-class variance and
minimizing within-class variance. Based on the resulting conflict indices, we categorized land use
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conflict into five distinct levels: Conflict-free (0.00-0.30) . Mild conflict [0.30-0.36) . Moderate
conflict[0.36-0.42) . High conflict [0.42-0.50) . Severe conflict [0.50-1.00).Given the scarcity of
research on accuracy evaluation methods for land use conflict classification, this study utilizes the
Kappa coefficient to evaluate both the accuracy and consistency of land use conflict classifications.
The results reveal that the minimum Kappa coefficient is 0.83, which satisfies the methodological
requirements of this study (Tablel).

Table 1. Land Use Conflict Classification Kappa Coefficient.

Year Conflict-free Mild conflict Modelzate High conflict Heavy confict
conflict
1980 0.85 0.88 0.87 0.86 0.91
1990 0.91 0.87 0.96 0.85 0.85
2000 0.88 0.90 0.84 0.96 0.86
2010 0.85 0.92 0.88 0.88 0.89
2020 0.92 0.85 0.86 0.87 0.87

The areas of land use conflict in Tianshui City are predominantly located in the central and northern
regions (Figure 8). Between 1980 and 2020, land use conflicts in Tianshui City exhibited a notable
upward trend. Specifically, the conflict-free area steadily declined from 2,705.04 km? in 1980 to
1,657.43 km? in 2020, representing a reduction of 1,047.61 km?. Similarly, the area classified as having
mild conflicts shrank from 726.33 km? in 1980 to 542.11 km? in 2020. Between 1980 and 2000, conflict-
free and mildly conflicted areas together comprised over 54% of Tianshui City's total land area,
making them the dominant conflict types during this period. In contrast, areas experiencing moderate
conflicts grad-ually expanded over the four decades, increasing by approximately 21.92 km?. Both
high-conflict and severe-conflict areas followed similar upward trajectories, with both categories
experiencing a significant overall increase during this period. Heavy-conflict areas increased
significantly from 946.51 km? in 1980 to 2057.43 km? in 2020, representing the most substantial growth
among all conflict types over the forty-year period. Meanwhile, high-conflict areas grew from
approximately 546.51 km? in 1980 to 1,157.43 km? in 2020, nearly doubling over the period.


https://doi.org/10.20944/preprints202502.0173.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0173.v1

9 of 20

Conllict-[ree
Mild contlict

Moderate contlict

- High conflict
- Heavy conflict

0 40 80 160

— — km

o .

5

Figure 8. Patterns of Land Use Conflict Distribution Levels.

3.1.2. Analysis of Spatial Heterogeneity in Land Use Conflict Patterns

The analysis of land use conflict hot spots and cold spots in Tianshui City from 1980 to 2020
reveals a significant correlation between the expansion of conflict hot spots and the aggregation of
high-conflict zones, particularly concentrated in the central urban and northern regions. Since 2000,
the extent of these hot spot areas has further increased, extending into both central and northern parts
of the city. Conversely, the reduction in cold spot areas corresponds with the decline of high-conflict
aggregation zones, primarily occurring in the mountainous forest regions of southern Tianshui City.
This trend can be attributed to increased homogeneity among internal land use types within cold
spots, resulting in reduced patch complexity and, consequently, alleviating land use conflicts(Figure
9).
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Figure 9. Spatiotemporal Prediction and Simulation of Land Use Conflicts.

The comprehensive index of regional land use conflict, as a spatial variable, reflects both
structural and stochastic spatial variations.Based on the specific conditions in Tianshui City, the
dominant factors influencing the spatial differentiation of land use conflicts can be analyzed using
the semivariance function in geostatistics (Table 3). When Co/(Co+C)<0.20, strong spatial
autocorrelation suggests that structural factors dominate spatial heterogeneity. Conversely,
Co/(Co+C)>0.70 indicates weak spatial autocorrelation,implying stochastic factors primarily influence
spatial heterogeneity. Values between 0.20 and 0.70 reflect moderate spatial autocorrelation. Results
show that between 1980 and 2020, Co/(Co+C) ranged from 0.2452 to 0.4657, exhibiting an increasing
trend over time.This suggests that at small scales (<500 meters), natural factors like climate and
topography remain the dominant drivers of spatial differentiation in land use conflict intensity within
the study area.The fertile alluvial plains near the Weihe River basin in Tianshui City, with favorable
hydrothermal conditions for crop growth, have historically been key areas for social and economic
activities of local residents.As a result, early land use conflicts were concentrated in these
regions.However, with efforts to regulate ecological protection and socio-economic development, the
random variation in land use conflicts at smaller scales has continuously increased, reducing the
influence of natural factors on these conflicts.

Table 2. Fitting Model Parameters for the Variance Function of Land Use Conflict.

- - R . o Residual
Year Fitting Model Nugget Still  Nugget/Still ange Coefficient of determinationt Residua

(Co) (Co+C) Co/Co+C (Ao) (R?) RSS/10°7
1980 Gauss 0.0011 0.0037 0.2972 1345 0.8234 8.3421
1990 Gauss 0.0013 0.0053 0.2452 1457 0.8345 7.6421
2000 Exponential 0.0021 0.0058 0.3620 2109 0.9024 5.4534
2010 Gauss 0.0023 0.0061 0.3770 2345 0.9213 4.1758
2020 Gauss 0.0034 0.0073 0.4657 1597 0.8345 2.1896

3.1.3. Responses of Ecological Risks to Land Use Conflict
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The bivariate LISA clustering map of land use conflicts and ecological risks reveals that arable
land, identified as a high ecological risk area, exhibits a significant spatial negative correlation with
non-conflict aggregation zones. This pattern is characterized by high-low clustering, which has
shown a decreasing trend over time.After 2000, low-high clustering areas started to spread from the
central urban region and the northern areas, with notable increases observed around construction
land in Tianshui's main urban zone.By 2020, low-high clustering areas had significantly declined in
the eastern and southern mountainous regions, while high-high clustering zones were sporadically
distributed near low-high clusters.Furthermore, low-low clustering areas were sparsely distributed
in the southern forested regions (Figure 10).

The findings reveal that ecological risks are increasingly concentrated in areas with high land
use conflicts, particularly in zones of urban expansion. The shift from non-conflict to high-conflict
zones has significantly heightened ecological risks, especially where arable land has been converted
to urban uses. This trend is further exacerbated by the clustering of high-risk activities, such as
industrial development and urban sprawl, which frequently occur at the expense of ecological
preservation.

To better understand the impact of land use conflicts on ecological risks, we analyzed the
relationship between land use changes and ecological risk indices. The results indicate that land use
transitions—such as the conversion of forests to agricultural land or the encroachment of urban areas
into natural habitats —serve as key drivers of ecological degradation. These transitions often lead to
habitat fragmentation, biodiversity loss, and disruption of ecological processes, ultimately increasing
the vulnerability of ecosystems to external disturbances.

S
- Quiel
% High conflict and high risk
] f B 1 ow conflict and low score insurance

Low conflict high score insurance

High conflict and low score insurance

0 40 80 160

— — km

Figure 10. Bivariate LIS Clustering Analysis of Land Use Conflicts and Ecological Risk Responses.

3.2. Spatiotemporal Prediction and Simulation of Land Use Conflicts

The simulation results for 2030 show that the spatial distribution of land use conflicts in Tianshui
City remains broadly consistent with the pattern observed in 2020. Areas with no conflict and mild
conflict still dominate the landscape, indicating some improvement in overall conditions. However,
high-conflict zones have grown by 214.56 km?, and severe-conflict zones have expanded by 131.97
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km?. This suggests that localized land use conflicts are intensifying, especially in central urban areas
and northern regions, where clusters of high-conflict zones are most prominent.

Several factors contribute to this increase in high and severe-conflict zones. The rapid pace of
urbanization and industrialization has heightened competition for land, intensifying conflicts in these
regions. Additionally, while policies promoting ecological protection and sustainable land use have
been implemented, their effectiveness has been uneven, particularly in areas where economic
priorities overshadow environmental concerns. The concentration of conflict hotspots in the city
center and northern areas highlights the urgent need for targeted, region-specific strategies to address
these challenges. The findings also emphasize the importance of continuous monitoring and adaptive
management to mitigate potential future land use conflicts.

The dynamic nature of land use conflicts is another important insight revealed by the simulation
model. Changing socio-economic and environmental conditions significantly influence conflict
patterns. For instance, the decline in coldspot areas, particularly in the forested mountains of
southern Tianshui City, indicates evolving land use practices and shifting conflict dynamics.
Policymakers and land use planners must consider these changes and develop strategies that both
promote sustainable land use and address the underlying ecological risks and conflicts.

Moreover, the bivariate LISA clustering analysis highlights the close relationship between land
use conflicts and ecological risks. A notable spatial negative correlation exists between arable land, a
high ecological risk area, and non-conflict zones. This finding underscores the critical importance of
preserving agricultural land to maintain ecological balance and reduce conflicts. Protecting farmland
from conversion to other uses is essential not only for safeguarding ecological integrity but also for
mitigating resource competition. Policies that support sustainable agricultural practices and
prioritize farmland conservation can play a key role in reducing both ecological risks and land use
conflicts in Tianshui city.

Conflict-free
Mild contlict
Moderate conflict

B o conlict

B oy conflict 0 40 80 160

Figure 11. Land Use Conflicts in Tianshui City by 2030.

4. Discussion

This study investigates the spatiotemporal dynamics of land use conflicts and their ecological
implications in Tianshui City, focusing on identifying the underlying factors driving spatial
heterogeneity and analyzing the associated ecological risks. By employing advanced analytical
methods, including the natural breaks (Jenks) classification, semivariance geostatistical analysis, and
bivariate LISA clustering, we systematically categorized land use conflicts and analyzed their
patterns and drivers over four decades (1980-2020).

4.1. Spatiotemporal Patterns of Land Use Conflicts
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The results demonstrate a clear upward trend in land use conflicts during the study period.
Conflict-free areas decreased by 1,047.61 km?, while mild-conflict zones shrank by 184.22 km?.
Conversely, high-conflict zones expanded by over 1,110.92 km?, and the size of severe-conflict areas
nearly doubled. These changes were particularly pronounced in urbanized and agriculturally
productive regions, such as the Weihe River basin, reflecting growing pressures on land resources
caused by intensified human activities. The application of the natural breaks classification method
effectively delineated distinct levels of land use conflict, providing a comprehensive view of their
spatial distribution and intensity across the study area[43].

The rapid expansion of severe-conflict zones is especially concerning, as these areas often
experience the most significant negative impacts on both ecological systems and human well-being.
The near doubling of their extent underscores an urgent need for targeted and timely measures to
prevent further environmental degradation and mitigate the risk of social unrest. The concentration
of these conflicts in urban centers and fertile agricultural regions highlights the intricate challenge of
balancing economic growth with environmental sustainability[44].

Supporting these findings, semivariance geostatistical analysis revealed patterns of spatial
autocorrelation and clustering in land use conflicts. This analysis identified clear hotspots and
coldspots, offering valuable insights for policymakers to prioritize intervention strategies[45].
Hotspots, typically located in urban areas and along agricultural frontiers, are characterized by
intense competition for land resources. In contrast, coldspots, usually found in more remote and less
developed regions, exhibit lower levels of conflict. However, the study observed a decline in coldspot
areas, particularly in the forested mountainous regions of southern Tianshui City, raising concerns
about potential shifts in land use practices and conflict dynamics[46]. These changes could result in
new forms of ecological degradation and social tensions, emphasizing the need for adaptive
management approaches to address emerging risks effectively[47].

The bivariate LISA clustering analysis further illustrated the intricate relationship between land
use conflicts and ecological risks. A significant spatial negative correlation between arable land and
non-conflict zones highlights the critical importance of preserving agricultural land. Protecting these
areas is not only essential for maintaining ecological stability but also for minimizing land use
conflicts, as the conversion of agricultural land often intensifies resource competition and escalates
conflict intensity[48].

4.2. Drivers of Spatial Heterogeneity and Temporal Dynamics

The findings indicate a temporal shift in the dominant factors influencing land use conflict
patterns. Structural factors such as topography and climate initially played a major role in shaping
spatial heterogeneity. However, over time, stochastic factors—including rapid urbanization and
socio-economic development—emerged as the primary drivers. For example, the conversion of
arable land to urban areas in regions undergoing rapid land use transitions exhibited strong spatial
correlations between high land use conflicts and ecological risks[49].

Semivariance geostatistical analysis revealed significant spatial autocorrelation and variability
in land use conflicts, highlighting the importance of fine-scale analysis. While topographic and
climatic conditions predominantly influenced spatial heterogeneity in the early decades, stochastic
factors such as policy interventions and human activities have increasingly driven conflict patterns
at finer spatial scales (<500 meters). These findings align with existing studies that emphasize the
growing influence of human-induced drivers on land use conflicts.

The transition from natural to anthropogenic drivers underscores the need for integrated land
use planning and policy frameworks that can adapt to these changing dynamics. Policies aimed at
mitigating land use conflicts must consider both the ecological and socio-economic dimensions of
land use, ensuring that development is sustainable and equitable. Furthermore, the spatial and
temporal analysis of land use conflicts highlights the importance of local-scale interventions tailored
to specific regional contexts.
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In regions experiencing rapid urbanization, for instance, policies promoting compact city
development and green infrastructure can help alleviate land use pressures and reduce ecological
risks. Similarly, in agriculturally fertile areas, incentives for sustainable farming practices and land
conservation programs can help maintain ecological integrity and reduce conflicts over land
resources.

The integration of geostatistical analysis and spatial modeling in land use planning can provide
valuable insights for policymakers and planners. By identifying hotspots and coldspots of land use
conflicts and ecological risks, these tools can help prioritize areas for intervention and inform the
design of effective policies. Additionally, the analysis of temporal trends in land use conflict drivers
can guide the development of adaptive management strategies that can evolve in response to
changing conditions.

Overall, the findings of this study underscore the complexity of land use conflicts and their
interactions with ecological risks. Addressing these challenges requires a multifaceted approach that
integrates ecological, socio-economic, and policy dimensions. By understanding the spatial and
temporal dynamics of land use conflicts, policymakers and planners can develop more effective
strategies to promote sustainable land use and reduce ecological degradation.

4.3 Ecological Implications of Land Use Conflicts

The bivariate LISA clustering analysis has shed new light on the intricate relationship between
land use conflicts and ecological risks. It was observed that areas with intense conflicts often
coincided with zones of high ecological risk, particularly in regions undergoing rapid urban
expansion. This pattern emphasizes the critical need to embed ecological risk assessments into land
use planning frameworks. Urbanization in the fertile alluvial plains of the Weihe River basin in
Tianshui has not only escalated conflicts but also amplified ecological degradation risks, such as
habitat fragmentation and loss of biodiversity.

To address these challenges, incorporating ecological corridors and green buffer zones into
urban development plans could serve as a vital strategy. Such measures would enhance ecological
connectivity and simultaneously provide urban residents with green spaces for recreation, thereby
improving both environmental and social well-being.

The findings also reveal that land use conflicts tend to magnify vulnerabilities in ecosystems that
are already stressed. In arid and semi-arid regions, for instance, excessive groundwater extraction for
agriculture has led to severe land degradation and heightened competition for water resources,
further exacerbating ecological risks. Resolving these issues requires a balanced approach that
harmonizes agricultural productivity with ecological sustainability. Strategies such as promoting
drought-resistant crop varieties, introducing water-efficient irrigation systems, and encouraging
agroforestry can play a pivotal role in mitigating these risks[50].

The implications of land use conflicts extend beyond local scales, with far-reaching effects on
regional and global biodiversity. The loss of natural habitats driven by urban sprawl and intensified
agricultural practices disrupts species migration, alters population dynamics, and accelerates
biodiversity loss on a global scale. To counter these trends, policymakers and urban planners must
take a comprehensive view of the ecological impacts of land use decisions and prioritize the
conservation of critical habitats and biodiversity hotspots.

4.4. Implications for Policy and Management

The integration of ecological risk assessment into land use planning frameworks is essential for
mitigating the multifaceted impacts of conflicts on ecological systems. By identifying conflict hotspots
and high-risk zones, policymakers can prioritize conservation and restoration measures. For instance,
promoting compact urban development alongside green infrastructure can effectively alleviate land
use pressures in conflict-prone areas. Additionally, adaptive management strategies that incorporate
continuous monitoring of land use patterns and emerging drivers, such as climate variability, can
enhance the resilience and sustainability of land use policies.Facilitating community participation
and stakeholder collaboration is critical to ensuring that land use policies address local needs and
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concerns. Involving local communities in decision-making provides valuable insights into ecological
knowledge and social dynamics, enabling the development of culturally relevant and effective land
use strategies. Moreover, policies should emphasize sustainable land use practices that minimize
ecological impacts while supporting economic growth. Specific measures could include advancing
sustainable agricultural technologies, encouraging renewable energy adoption, and promoting eco-
tourism. Balancing ecological sustainability with economic development creates a win-win scenario
that benefits both human and natural systems.Finally, recognizing the intricate relationships between
land use conflicts and ecological risks across different spatial scales is crucial. This recognition
necessitates coordinated efforts among various levels of government and enhanced international
collaboration to address these challenges comprehensively. By sharing best practices, technological
innovations, and resources, policymakers can develop innovative solutions to advance sustainable
land use while safeguarding biodiversity at local and global scales.

4.5. Methodological Advancements and Future Directions

This study extends existing research by integrating geostatistical techniques with LISA
clustering to provide a comprehensive analysis of the spatial and temporal dynamics of land use
conflicts and ecological risks. The approach allows for the identification of hotspots and coldspots of
conflicts, offering actionable insights for targeted interventions. Future research should expand this
methodology to incorporate higher-resolution datasets, multi-variate statistical models, and machine
learning techniques to capture complex interactions and feedback loops. Cross-regional comparative
studies are also recommended to validate and generalize these findings.

Furthermore, integrating remote sensing and GIS technologies can enhance the precision and
timeliness of ecological risk assessments. These technologies provide valuable data on land cover
changes, vegetation health, and soil moisture, which are crucial for understanding and predicting
ecological vulnerabilities. By leveraging these advancements, future studies can achieve a more
nuanced understanding of land use conflicts and their ecological impacts, paving the way for more
effective and targeted conservation measures. Additionally, incorporating socio-economic data into
ecological risk assessments can provide a more holistic view of the complex interactions between
human activities and ecological systems. This approach can help identify the root causes of land use
conflicts and inform policies that address both ecological and social dimensions of sustainability.

5. Conclusion

This research investigates the spatiotemporal dynamics of land use conflicts in Tianshui City,
emphasizing their intensification due to urbanization and socio-economic transformations, as well as
the associated ecological consequences. The findings indicate that the expansion of high-conflict
zones, particularly in urbanized and agriculturally fertile areas, is closely linked to escalating
ecological risks, such as habitat fragmentation and biodiversity loss. By employing geostatistical
techniques and LISA clustering analysis, critical conflict hotspots and ecological risk areas were
identified, offering practical guidance for sustainable land use planning. It is recommended that
policymakers prioritize the management of these hotspots, advocate for sustainable practices, and
incorporate ecological assessments into planning frameworks to mitigate land use conflicts and
strengthen ecological resilience.
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