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Introduction: Against the background of rapid global urbanization, the urban space
expansion has led to increasingly acute land-use conflicts. Accurately understanding
the spatial and temporal evolution characteristics of land-use conflict patterns and
measuring the level of spatial conflicts are crucial for intensifying sustainable use and
management of land resources. Existing research focuses on analyzing the current
status of land-use conflicts, while there is limited discussion on tracking spatial-
temporal dynamic patterns and simulating future conflict trends.

Method: In this paper, the level of spatial conflict wasmeasured by constructing a
spatial comprehensive conflict index (SCCI) model, and the spatio-temporal
evolution characteristics of land use conflict in Harbin-Changchun urban
agglomeration from 2000 to 2020 are discussed. In addition, the PLUS model
is used to simulate and predict the pattern of land use conflict in 2030, finally put
forward the control strategy.

Results: Result shows that: (1) Over the past 20 years, urban space has expanded
rapidly with two provincial capitals as growth poles. Land-use conflicts generally
exhibit a distribution pattern of “high in the west and low in the east, high in the
core and low in the periphery.” (2) During the past 20 years, conflicts have
intensified initially and then eased. Severe uncontrolled conflicts are
concentrated in the transition zone between urban and rural areas of urban
agglomerations. (3) Agricultural space is the core resource and key area
contested by different interest subjects in the process of land development
and utilization.

Discussion: The agricultural space priority scenario proves to be the most
effective in controlling spatial conflicts. However, a single space priority
scenario cannot adequately address multiple spatial rights and interests.
Therefore, different spatial management modes should be implemented in
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different areas. The purpose of this paper is to provide scientific strategies and
suggestions for controlling land-use conflicts in urban agglomerations and
achieving sustainable development of regional land use.

KEYWORDS

three-zone space, urban spatial expansion, land-use conflict, spatial-temporal dynamic
patterns, multi-scenario simulation, Harbin-Changchun urban agglomeration

1 Introduction

Land, as a comprehensive resource that carries human production
and life, social and economic development, and ecological civilization
protection, plays a crucial role in realizing the interests of various
stakeholders (Von Der Dunk et al., 2011). With the rapid
advancement of global urbanization, original urban land is unable to
meet the growing needs of human survival and development, leading to
the disorderly outward expansion of cities (Liu et al., 2023). The
increasing intensity of use of space resources has led to frequent land
use conflicts, which not only pose a serious threat to food and ecological
security, but also pose amajor challenge to sustainable land planning and
management.

The issue of land use conflicts gained early attention from foreign
scholars, with the British Countryside Association highlighting it as
one of the key themes in a 1977 conference (Yu and, 2006). They
identified the disharmony between land use allocation and the
regional needs of social, economic, and ecological development as
the essence of these conflicts (Wehrmann, 2008). However, foreign
scholars have never formed a unified definition of the concept of land
use conflict. Compared with foreign countries, domestic research on
land use conflicts is relatively late. Relevant research only began in
2000. Yu Bohua, Lu Changhe introduced the concept of stakeholders
and defining land use conflicts as “The various stakeholders have
inconsistencies and uncoordinated views on land use methods and
quantities, as well as the contradictory status between various land use
methods and the environment” (Yu and, 2006; Chen et al., 2012).

The so-called three-area space (hereinafter referred to as “three-area
space”) refers to the urban space, agricultural space, and ecological space
that directly to the geographical function division and development
strategy requirements of urban development, food security, and
ecological environmental protection in the provincial main function
zones (Wang et al., 2023; Wang et al., 2019), they serve as important
technology approach for undertaking macro-scale (main function
zones) and micro-scale (land use). Moreover, it aligns with the 11th
goal of United Nations’ Sustainable Development Goals (SDGs) “Build
inclusive, safe, risk-resistant and sustainable cities and human
settlements” released in 2015 (Allen et al., 2020).

From the perspective of research, the studies on urban-rural land use
conflicts, ecological resources-land use conflicts are more extensive
(WuBie et al., 2021), Some scholars have measured land use conflicts
from the perspective of the Production-Life-Ecological Space which is
called “three-life space” (Yang et al., 2020), while the “three-life space”
focuses on the assessment of a single function and lacks a comprehensive
consideration of the functions of the region (Chen H et al., 2021). The
“three-zone space” is a further deepening of the “three-life space,”which
is not only integrating the functional aspects of land use, but also evolving
the objective spatial pattern of land into a basic consensus linking the
evaluation of the carrying capacity of resources and the environment and

the evaluation of the appropriateness of spatial development of the
national territory. Therefore, this paper selects the three-zone space as a
research perspective to carry out the research on the management and
control strategy for the land use conflicts.Which not only aligns with the
national land spatial control system, but also take into account the
production, ecological and social benefits, making the research content
more comprehensive and persuasive.

Regarding research content, with the continuous aggravation of
land use conflicts, the research on this issue at home and abroad has
becomemore extensive. At the theoretical level, the existing research on
land use conflict mainly focuses on the internal mechanism of conflict
occurrence (Andrew, 2003), the causes of generation (Dong et al.,
2021), the type identification and diagnosis of conflict (De Groot, 2006;
De Groot, 2006; Chen W et al., 2021), etc. Empirical studies have
explored spatial spillover effect of land use conflict and the conflict
relationship between different elemental objects from a multi-factor
perspective, mainly focusing on urban-rural land use conflict, the
conflict between economic development and food protection, and
land use conflict related to water resources and green resources
(Wang et al., 2022), There are also scholars from the perspective of
ecology and geography, using landscape ecology and ecosystem services
and other related theories to explore the relationship between spatial
development and utilization and regional ecological environmental
protection (Ma et al., 2020), based on the landscape pattern to analyze
the spatial distribution heterogeneity characteristics of the land use
conflict (Jiang et al., 2021; Xie et al., 2023), in order to identify and
coordinate land use conflicts. (Ran et al., 2018).

In terms of research scale, regional urban agglomerations and city
and county levels have been studied more extensively,
characterization of spatial conflicts in urban agglomerations and
simulation of future expansion of land use are the hot spots of
land use conflict research in recent years, Bao chose the Beijing-
Tianjin-Hebei urban agglomeration as the research area to identify
and evaluate land use conflicts by constructing the Spatial
Comprehensive Conflict Index (SCCI), and simulated land use
conflicts under the 2030 adaptation scenario. The results prove
that in 2030, land use conflicts in Beijing will show an overall
mitigating trend under the ecological security (ES) scenario, while
showing an intensifying trend under the normal business (BAU)
scenario and cultivated land protection (CP) scenario (Bao et al.,
2021); Wang used the Spatial Comprehensive Conflict Index (SCCI)
and the Pythagorean Fuzzy Conflict Information System (PFCI) to
measure the absolute and relative conflicts of land use in the Lanzhou-
Xining urban agglomeration under different scenarios (Meimei et al.,
2023); Jiang drew on the conceptual framework of ecological risk
assessment and the theories in landscape ecology, and developed a
methodology to derive the spatio-temporal patterns of land use
conflict in China urban agglomeration from 2001 to 2017, used
multilevel regression model to identify the driving factors of land
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use conflict at different levels (Jiang et al., 2021). Zhou taking the
Hangzhou Bay Ring urban agglomeration as an example to explore
the spatial conflicts and complexity of land use. The Yangtze River
Delta urban agglomeration (Qiao et al., 2023) and so on also have been
taken as research areas for quantitative measurement of conflicts;
some scholars have also selected economic development zones to
carry out the identification and evaluation of land use conflict zones.

Compared with the urban agglomeration regions selected in
these studies, the Harbin-Changchun urban agglomeration is a
national key regional city cluster approved by China’s central
government in 2016, an important gateway for opening up to
Northeast Asia, and an important growth pole leading the
revitalization of the Northeast’s economic development. In terms
of agricultural space, the Harbin-Changchun urban agglomeration
has the most important agricultural production base and the largest
commercial grain base in the country, with the Sanjiang Plain and
Songnen Plain providing sufficient and fertile land resources for
agricultural production and grain cultivation. In terms of ecological
space, the Harbin-Changchun urban agglomeration has a number of
national forest parks, national nature reserves and key ecological
function areas within the urban agglomeration. However, the
northeast region urban agglomeration expansion is rapid, the
phenomenon of disorderly spread is serious, land use conflicts
occur frequently, and the ecological environment is poor in
nature, and the control and optimization of land space is
imminent. Based on this, we focuses on the Harbin-Changchun
urban agglomeration, the only national-level urban agglomeration
in Northeast China, from the perspective of the “three-zone space.”

Regarding research methods, both qualitative and quantitative
approaches have been employed. 1) Qualitative methods such as
public participation and game theory have been effective in exploring
the evolution process and driving mechanisms of land use conflicts
(Alston et al., 2000; Brown and Raymond, 2014; Adam et al., 2015),
but which cannot effectively quantify conflict levels. 2) Quantitative
measurement methods include multi-criteria evaluation (MCE)
methods (Rahman et al., 2014; Kim and Arnhold, 2018), pressure-
state-response (PSR) models (Nyangena, 2000) and land system
complexity-Vulnerability-dynamic landscape ecological risk
assessment method (Peterseil et al., 2004; Wang et al., 2023).
Among them, the landscape ecological risk assessment method of
land system complexity-vulnerability-dynamics can be updated and
implemented in detail at the grid level, and ismore suitable for flexible
integration with land use simulation models.

In summary, from a research perspective, the three-zone space not
only focuses on the spatial leading function of land use, but also
emphasizes the macro-main functional zoning layout and micro-land
use, which aligns with the framework of the current domestic and
foreign land spatial regulation systems. In terms of content, there are
relatively abundant studies on land use conflicts at home and abroad,
and have provided rich insights into the definition, causes, classification
types, driving mechanisms and control strategies of land use conflicts.
Due to the mediation process of land use conflicts has obvious the
regional differences and stages, it not only needs to pay attention to the
impact of the conflict, but also needs to track its evolution. Otherwise, it
will be impossible to comprehensively analyze and resolve potential
land use conflicts in the future. However, existing quantitative research
focusesmore on static research at a certain point in time. There is a lack
of describing the dynamic evolution of land use conflicts from a long

time series, as well as simulating and predicting future development
trends. It is difficult to accurately understand future land use evolution
trends only in this way.

Therefore, the objectives of this study are as follows: 1) Portray
the spatial-temporal evolution characteristics of the land-use
conflict pattern in terms of both deformation and quantitative
changes in the period of 2000-2020, and analyze the change
rules. 2) Construct a spatial comprehensive conflict index (SCCI),
using the grid as the evaluation unit to assess the level of land-use
conflicts, and identify areas with uncontrolled conflicts. 3) Conduct
multi-scenario simulations to predict land-use conflict trends in
2030 by employing the PLUS model, and propose conflict control
strategies under different scenarios based on the prediction results.
This study can not only provide data reference for the scientific
delineation of the “three zones and three lines,” but also provide new
ideas for the optimization of the land space layout of urban
agglomerations and the control of land use conflicts in China
and even in the world (Figure 1).

2 Study area and data sources

2.1 Overview of the study area

The Harbin-Changchun urban agglomeration is a geographical
-level urban agglomeration approved by the State Council in the
context of promoting the construction of the Belt and Road and the
revitalization strategy of the new round of old industrial bases in the
northeastern region, as well as the in-depth development of new
urbanization. It consists of 11 prefecture-level cities (states) and
63 counties (county-level cities) in Harbin, Daqing, Qiqihar,
Suihua, and Mudanjiang in Heilongjiang Province, and
Changchun, Jilin, Siping, Liaoyuan, Songyuan, and Yanbian
Korean Autonomous Prefecture in Jilin Province (Figure 2). The
land area is 336,100 square kilometers, with a core area of about
51,100 square kilometers, a resident population of about 42.6 million,
and a combined gross regional product of about RMB 2.09 trillion.

2.2 Data sources and spatial
classification systems

2.2.1 Data sources and processing
The data used in this studymainly include the surface cover dataset,

physical geographic factor dataset, socio-economic factor dataset, and
policy factor dataset. The surface cover raster data used to extract the
three phases of the “three-zone space” (2000, 2010, and 2020) are
mainly obtained from the Geoscience and Resources Data Centre of the
Chinese Academy of Sciences (https://www.resdc.cn/), which is based
on Landsat series satellite remote sensing images. The data is based on
Landsat satellite remote sensing images, processed by ENVI 5.1 and
interpreted by manual interactive visual interpretation, with a spatial
resolution of 30 × 30 m and a resolution of 93% or more for the first
level of land class interpretation, which is highly reliable.

The Harbin-Changchun urban agglomeration has a temperate
continental monsoon climate, with a high topography in the east and a
low topography in the west. Topographic relief, precipitation,
temperature, and other basic natural geographical factors have a
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significant impact on the ecological and spatial environment of the
study area. At the same time, as an important growth pole for the
revitalization and development of the old industrial bases in Northeast
China and an important gateway for the construction of the “China-
Mongolia-Russia Economic Corridor” land and sea Silk Road
Economic Belt, the regional spatial changes of the Harbin-
Changchun urban agglomeration are closely linked to multiple
factors such as the level of socio-economic development,
population density, distance from roads and enterprises. In
particular, land development policies play a crucial role in driving
the evolution of the pattern of the “three-zone space” (Wei and Yin,
2023). Therefore, in this study, the 30 drivers that have a strong
correlation with the changes in the “three zones” were selected, and
the sources of the data set are shown in Table 1. Considering that some
of the data are updated and iterated rapidly, some of the socio-
economic and physical-geographical drivers were selected from
2005 to 2015 respectively to ensure the timeliness of the drivers.
The various data sets were resampled to 100 m × 100 m resolution
before being imported into the PLUS model.

2.2.2 Classification system of “three-zone space”
By the “Guidelines for the Evaluation of the Carrying

Capacity of Resources and Environment and the Suitability of

Land Spatial Development (for Trial Implementation)”
(hereinafter referred to as the dual evaluation guidelines) and
the CNLUCC data classification system standards issued by the
State Council, and taking into account the current situation of
land use in the urban agglomeration, the land use types of the
“three-zone space” of the Harbin-Changchun urban
agglomeration are classified. To effectively connect the
dominant land functions with the technical path of land
spatial planning and management, the spatial pattern of the
three zones and three lines in the outline of land spatial planning
is taken as the basis for classification, and the
classification system of the “three zones and spaces” of the
land of the Harbin-Changchun urban agglomeration is
established concerning the relevant literature (Wei et al.,
2022) as shown in Table 2.

3 Methodology

3.1 Land use transfer matrix

The land use transfer matrix was used to analyze the quantity,
structure, and transformation of various land use types in the

FIGURE 1
Flowchart of the proposed method.
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Harbin-Changchun urban agglomeration based on the “three
spatial zones” land use classification system. With the help of
ArcGIS10.8 software, the three phases of land use data were
spatially overlaid to obtain cross-transformation data tables for
the periods 2000–2010, 2010–2020, and 2000–2020, based on
which a land use cross-transformation matrix was constructed.
Its mathematical form is shown as follows (Eq. 1):

Sij �
S11 S12
S21 S22

/ S1n
. . . S2n

S31 S32
S41 S33

. . . S3n

. . . S4n

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (1)

In this equation, where S is the area; I, and j are the land use types at
the beginning and end of the study period respectively; n is the
number of land use types.

3.2 Standard deviation ellipsoid and centre
of gravity models

Standard Distance Elipse (SDE) (Also known as a directional
distribution tool) It is mainly used to identify the distribution
characteristics of the spatial elements of the country, where SDE

represents the spatial distribution characteristics of economic factors,
the long-axis direction and short-axis direction represent the primary
and secondary trend directions of the spatial distribution of the factors
respectively, and the long- and short-axis distances represent the
extent to which the factors deviate from the centre of gravity in the
primary and secondary trend directions (Zhang et al., 2022). The
elliptical standard deviation equation is as follows Eqs 2–3:

X
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FIGURE 2
Geographical location of the Harbin-Changchun urban agglomeration.
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In these equations P (xj, yj) are the coordinates of the centre of
gravity of region j; the angle of rotation of the ellipse
characterising the standard deviation is obtained from tanθ,
i.e., the angle formed by a clockwise rotation in the due north
direction to the long axis of the ellipse; x′

k y′
k are the relative

coordinates of subregion i from the centre of gravity of region j,
respectively; σx σy denote the standard deviation along the
x-axis and y-axis, respectively.

3.3 Construction of a comprehensive
conflict index model for the “three-
zone space”

In the process of rapid urbanization, the spatial changes of
urban agglomerations are mainly characterized by two forms
neighborhood advancement and urban area expansion (Yang
et al., 2023). The land use conflict and the resulting landscape

TABLE 1 Source of data.

Data type Data name Time Time data source

Basic data;
Drivers

Study area vector
boundaries

Administrative division boundaries 2022 https://www.resdc.cn/

Land use data Surface cover data 2000,2010,2020 https://www.resdc.cn/

Natural geographic
factor data

DEM/m 2015 http://www.gscloud.cn/

Average annual temperature/°C https://www.resdc.cn/

Average annual precipitation/mm 2015 WorldClim version 2.1 (http://www.worldclim.org/)

Annual sunshine hours (https://www.resdc.cn/)

NDVI 2005,2015

Soil types 2015 http://www.rserforum.com

Soil organic matter composition

CO2 annual emissions/tonnes http://www.cityghg.com/toCauses?id=4

Slope

Aspect

Socio-economic data Population density 2005,2015 WorldPop (www.worldpop.org)

Population 2005,2015

Urbanization rate

GDP 2005,2015

Night light index (https://www.resdc.cn/)

Trunk roads 2005,2015 OpenStreetMap (https://www.openstreetmap.org/)

Sub-trunk roads

Highway

Railway

Major rivers

lakes

Suburban country road

Urban and rural settlements

Major enterprises

Administrative centers at the city
and county level

Industrial added value Statistical yearbooks of provinces and cities

Policy factor data Main functional area planning http://jldrc.jl.gov.cn/fzgz/201311/t20131106_5212662.html; https://www.
hlj.gov.cn/hlj/c108410/202110/c00_31180927.shtml

Ecological function area planning https://www.mee.gov.cn/gkml/hbb/bgg/201511/t20151126_317777.htm
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fragmentation are the spatial epitome of the conflict of interests
and the transformation of the spatial carrying function of the
country. Land use conflict systems are complex, fragile, and
dynamic in nature (Jiang et al., 2021). Based on the existing
research results, this paper constructs a comprehensive conflict
index model based on the landscape pattern index of land use
patches and measures the land use conflict degree (SCCI) from
the complexity, vulnerability, and stability of the land use
system with the help of Fragstats 4.2 software moving
window method. The spatial conflict composite index is
abstractly expressed as “complexity + vulnerability—stability”
of the land use system, and all the indicators are normalized
(Wang et al., 2022).

1) Spatial complexity index (CI): The intensification of land use
conflict makes the spatial pattern of the natural landscape and
the shape of various types of land patches tend to be complex,
and a fractal is an effective tool and an important language to
describe the spatial complexity of the spatial pattern of nature
and the development of urban geographic phenomena (Zhou
et al., 2015a), so the area-weighted average patch fractal
dimension index (AWMPFD) is usually used as a measure
of land use complexity. This is used to characterize the degree
of disturbance to the measured patches by the process of land
use change in neighboring patches, with the index ranging
from [1,2], with larger values indicating more complex
landscape patterns and more intense land use
conflicts (Table 3).

2) Spatial vulnerability index (FI): The vulnerability of land use
types reflects the degree of response and resistance of patches
when they are subjected to internal and external pressures such
as the degree and frequency of type conversion, and is usually
measured by the landscape vulnerability index (Xu et al.,
2021); the higher the vulnerability, the stronger the land use
conflict. Existing studies have shown that ecosystems with
simple food chain structures and low biodiversity indices are
relatively vulnerable (Peng et al., 2020). From the perspective
of landscape ecology and concerning existing results (Zhou
et al., 2015a), the landscape vulnerability of the “three-zone
spaces” is ranked from strong to weak as urban space,
agricultural space, and ecological space (Wang et al.,
2023); (Table 3).

3) Spatial stability index (SI): In general, the higher the degree of
fragmentation of the spatial pattern of the landscape, the less
stable and the stronger the spatial conflict (Jiang S et al., 2021),
while the fragmentation of land use type patches is reflected in
the clustering and increasing density of point-like space or the
diffusion of linear space and the fragmentation of face-like
patch space (Wang et al., 2023). Therefore, patch density (PD)
is usually chosen to measure the land use stability index, with
higher patch density leading to higher spatial fragmentation
and therefore lower spatial stability (Table 3).

4) Analysis scale selection: The landscape pattern index is
dependent on the scale of the patch cells, to avoid the loss
of spatial information due to the large scale and the inaccuracy
of the landscape index due to the small scale due to subjective

TABLE 2 Classification of land use types in the “three-zone space” of the Harbin-Changchun urban agglomeration.

"Three-zone space”
land use classify

Land use classification system Classification basis

First order
land class

Secondary land classes

Agricultural space Cultivated land Land used for growing crops, including paddy fields, irrigated
drylands, rain-fed drylands, vegetable fields, agricultural greenhouses,
pasture fields, land mainly used for growing crops, intermixed with
fruit trees and other economic trees

Carry the functions of agricultural
production and food security

Town space Artificial surface The surface formed by artificial construction activities includes urban
and rural residential land, industrial and mining land, and
transportation facilities such as airports, excluding large-scale and
contiguous green land and water bodies within the construction land

Carry the function of urban development

Ecological space Forest Refers to natural forests and plantations with a closure of >30%.
Including deciduous broadleaved forests, evergreen broadleaved
forests, deciduous coniferous forests, evergreen coniferous forests,
mixed forests and sparse forest lands

Carry the function of ecological security

Grassland Refers to all kinds of grassland mainly growing herbs and covering
more than 5%, including grassland, forest meadow, savanna, desert
grassland and urban artificial grassland

Shrub land Refers to the shade >40%, height of less than 2 m in the dwarf
woodland and scrub woodland.It includes mountain shrubland,
deciduous and evergreen shrubland, and desert shrubland with more
than 10% coverage in desert areas

Wetland Inland lake marshes, river flooding wetlands, forest/shrub wetlands,
peat bogs, salt marshes

Water Areas covered by liquid water in the land range, including canals, lakes,
reservoirs, pits, offshore, etc.

Bare ground Desert, sandy land, gravel land, bare rock, saline-alkali land, etc.
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selection, this paper takes into account the scale of the study
area, the number of spatial patches and the information
characteristics of the raster data, and selects 10,000, 15,000,
20,000, 25,000 In this paper, we select 10,000, 15,000, 20,000,
25,000, 30,000 and 30,000 m window cells and construct a
fishing net, measure the landscape pattern index at each spatial
scale and substitute it into the semi-variance function model
(Bao et al., 2021), calculate the ratio of Nugget (C0) to Sill (C +
C0) (C0/(C + C0)), refer to the conclusion of previous studies
(Li et al., 2014), keep narrowing the interval for calculation,
and finally select 18,000m, which is the first to reach a stable
point, as the window cell. As a window unit, the study area was
divided into 1224 fishnet units for the analysis and calculation
of the spatial land use conflict index.

3.4 PLUS model

3.4.1 PLUS model core algorithm
The PLUS model is a CA model that integrates Land

Expansion Strategy Analysis (LEAS) and multi-type random
patch seeding (CARS) (Yang et al., 2023). The model is based
on raster data and obtains the development probability of each
type of land use within a unit image element and the contribution
of drivers to land use expansion by mining land expansion
transition principles and drivers, and predicts land use over
time with the help of the Markov chain module. The Markov
chain module is used to forecast the land use change matrix over
time, and the spatiotemporal dynamic slab is automatically
generated under the mechanism of seed generation and
decreasing threshold. Compared with the traditional linear
prediction and typical spatial causal models, the PLUS model
with multiple types of patches effectively compensates for the
difficulty of obtaining land use rules at specific time intervals and
the lack of spatiotemporal dynamics and can simulate the
simultaneous evolution of land use patches over time in a
more realistic way (Liang et al., 2021).

3.4.2 Scenario setting
To effectively connect the dual evaluation technical paths,

accelerate the optimal zoning of the geographical functions of

urban, agricultural, and ecological spatial land use under the
spatial pattern of the country, and then guide the descending
scale of the main functional areas to conduct the task of
promoting the delineation of the three zones and three lines
(Fan, 2019), and achieve many of the visionary goals put forward
in the “UN 2030 Agenda for Sustainable Development” (Guo et al.,
2022). In this study, four scenarios of natural development: the
priority of agricultural space, the priority of urban space, and the
priority of ecological space are set up to simulate the spatial pattern
of land use and changes in the Harbin-Changchun urban
agglomeration in 2030, to realize the analysis of the diversity of
scenarios of spatial conflicts in land use, and the scenarios are
described as follows:

① Scenario A: Land use change under the natural development
scenario does not take into account any human plans and public
planning policies that limit and interfere with land use change,
and by default evolves according to the characteristics of land use
conversion under the historical scenario, with the transfer
probability of each land use type remaining unchanged,
without adjusting the parameters, and without setting any
constraints in the simulation experiment, and using Markov
chains to predict the demand for each type of land use in
2030, extending the original land weighting coefficients of the
n weights from 2010 to 2020.
②Scenario B:Under the scenario of prioritizing agricultural
space, starting from two parts of space, agricultural
production and agricultural life, and in accordance with the
“Double Evaluation Guidelines” (https://www.gov.cn/zhengce/
zhengceku/2020-01/22/content_5471523.htm) and the “Harbin-
Changchun urban agglomeration Development Plan” (https://
www.ndrc.gov.cn/xxgk/zcfb/ghwb/201603/t20160311_962177.
html), “All high-quality black soil arable land will be designated
as permanent basic agricultural land, and special protection
and spatial layout adjustment and optimisation will be carried
out for it” “To establish a modern agricultural industry system,
promote the integrated development of grain, warp and feed,
agriculture, forestry, animal husbandry and fishery, and the
integration of breeding, raising and processing, and optimize
the agricultural industry structure and regional layout”, the
permanent basic farmland and the main production areas of

TABLE 3 Calculation of the composite land use spatial conflict index.

Index
name

Calculation
formula

Description

Land Use
Complexity

Index

CI =∑m
i�1
∑n
j�1

[2 ln(0.25Pij)
ln(aij ) (aijA )]

Pijis the plaque perimeter, aij is the jth patch area of the Category I land type; A is the total area of the space type; m is the total number
of spatial evaluation units in the study area; n is the total number of spatial types

Land Use
Vulnerability

Index

FI = ∑n
i�1
(Fi*

ai
S ) Fiis the fragility index of class i space type; n is the spatial landscape area

; S is the total area of the space unit

Land Use
Stability Index

SI = 1-PD, PD = nj
A ni is the fragility index of class i space type; n is the total number of space types; aiis the area of each type of landscape within the unit; S

is the total area of the space unit

Land use space
Conflict

Composite
Index

SCCI = CI + FI-SI SCCI is a composite index of spatial conflict; CI, FI and SI are spatial complexity, spatial vulnerability and spatial stability indices
respectively
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agricultural and forestry products shown in the documents of the
Main Functional Area Planning of Heilongjiang Province and the
Main Functional Area Planning of Jilin Province were
vectorisation process to make them consistent with the scope
of the study area, and merge them as prohibited development
areas into the model; take the amount of high-standard arable
land area in 2020 as the lower limit of land use demand, and the
predicted value as the upper limit; in the setting of land use
transfer rules, significantly increase the probability of transferring
grassland, shrubland and wetland into arable land, appropriately
increase the probability of transferring forest, bare land and
artificial land surface, and restrict the transfer of arable land
to other. In order to realise the principle of giving priority to
agricultural space.
③Scenario C: Under the town space priority scenario, the
national and provincial key development town clusters are
vectorized in accordance with the scope of town spatial
development suitability delineated in the “Dual Evaluation
Guidelines”, so that they are consistent with the scope of the
study area, and data on land use types closely related to human
development activities, such as man-made surfaces and reservoir
pits within the scope, are extracted as the functional areas of
urban clusters, which are combined with national nature reserves
and jointly set as Prohibited development zones are entered into
the model. In the “Development Plan for the Harbin-Changchun
Urban Agglomeration,” the spatial strategy of “developing in the
same direction, upgrading the twin cores, extending north and
south, expanding one axis, expanding openness and growing two
belts” is followed. In the setting of land use rules, the probability
of transferring arable land, shrub land, and forest land to man-
made land is significantly increased, and the probability of
transferring grassland and bare land is appropriately
increased. Reduce or restrict the transfer of man-made
surfaces to other land types, while increasing the value of
man-made surface neighborhood weights. Realize the principle
of prioritizing urban space for development.
④ Scenario D: Under the priority ecological space scenario, the
first thing to ensure is that ecological space is not occupied. The
Harbin-Changchun Urban Cluster Development Plan clearly
emphasizes “the protection of arable ecological sub-regions, soil
erosion control, wind and sand control, urban ecological landscape
pattern, accelerated ecological restoration of old industrial areas
and land reclamation.” In accordance with the classification of
ecological service functional areas by the ecological protection
importance assessment in the Dual Evaluation Guide, this study
relies on the National Ecological Function Zoning (https://www.
mee.gov.cn/gkml/hbb/bgg/201511/t20151126_317777.htm) to
vectorize the national nature reserves and key ecological In this
study, the land in national nature reserves and key ecological
function zones was vectorized according to the National Ecological
Function Zone Zoning (https://www.mee.gov.cn/xxgk2018/xxgk/
xxgk06/202112/t20211215_964234.html), and the three types of
land in provincial key ecological function zones, namely, forests,
shrublands and water bodies, were extracted according to the
Technical Guidelines for the Protection and Restoration of
Ecological Buffer Zones of Rivers and Lakes (https://www.mee.
gov.cn/xxgk2018/xxgk/xxgk06/202112/t20211215_964234.html).
The three types of primary land within the provincial key

ecological function areas were extracted, and a 60-m range
around the site area was set as the ecological buffer zone (Su
et al., 2022). The final scope is consistent with the scope of the
study area, and the ecological function areas, nature reserves, and
ecological buffer zones are finally combined into the input model
of the prohibited development zone; the forest coverage rate is set
to be no less than the 2020 standard (greater than 43.8%), and the
area of grassland and bare land is constrained to account for no less
than 2.5% of the total land area from the perspective of
biodiversity. In the rule-setting, the probability of transferring
arable land into ecological space is increased significantly, the
probability of transferring man-made land into ecological space is
increased appropriately, and the conversion between land types
within ecological space follows the principle of transferring land
types with low economic benefits to land types with high economic
benefits. Strictly control the transfer of ecological space land to
other land categories to realize the principle of prioritizing the
development of ecological space.

3.4.3 Neighbourhood weight parameter setting
The neighborhood weight parameter represents the ability of the

land type to expand itself as driven by external factors, with a
threshold range of [0,1]. It is believed that the historical expansion
pattern of each land type is the best representation of their respective
expansion capacity. This paper draws on the historical scenario
approach (Wang et al., 2019) from existing studies to set the
neighborhood weights, calculated as follows (Eq. 4):

W � ΔTAi − ΔTAmin
ΔTAmax − ΔTAmin

(4)

In this equationWhere ΔTAi is the amount of TA change for the
land type; ΔTAmin indicates the land type with the smallest change;
and ΔTAmax indicates the land type with the largest change.

4 Results

4.1 Analysis of the characteristics of the
evolution of the spatial-temporal pattern of
the three regions from 2000 to 2020

4.1.1 Changes in the structure and scale of the
spatio-temporal pattern of the “three-
zones space”

From the land use distribution map for 2000–2020 (Figure 3), it
can be seen that the distribution of the “three-zone space” in the
Harbin-Changzhou urban agglomeration has significant
geographical and functional structural characteristics: 1) urban
space formed along the Harbin-Daqing-Qiqihaer-Mudanjiang
development belt and the Changchun-Jilin-Tumen development
belt, with the cities of Harbin and Changchun as the main
development axis. 2) The agricultural space formed by the
Songnen Plain and the Sanjiang Plain, which provide agricultural
and forestry products; 3)The ecological space formed around the
Great and Small Xing’an Mountains, the Changbai Mountains and
the Zhang Guangcai Ridge, with the wind and sand control, water
conservation and soil conservation as the main functions, There is
also some ecological space located at the confluence of the
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Nengjiang, Songhua, and Ussuri Rivers, with biodiversity
conservation and flood storage as the main functions.

In general, ecological space and agricultural space occupy the
main part of the space, and the proportion of the two types of space
in the total area is about 86%, while urban space accounts for a
relatively small proportion, except for the urban space around the
main axis of development of Harbin and Changchun city, which is
distributed in agglomeration, the rest of the area as a whole shows a
scattered dotted layout.

It can be seen from Figure 4 that the overall distribution
structure of the “three-zone space” of the Harbin-Changchun
urban agglomeration did not change significantly during the
period 2000–2020, while the spatial evolution of various types of
space is more characteristic.

1) Unlike other regions in Northeast China where
agricultural space has decreased significantly, the scale
of agricultural space in the Harbin-Changchun urban
agglomeration decreased first and then increased, with
a decrease of 2.29% in the first 10a and an increase of
6.48% in the second 10a. The spatial scale of agriculture
has increased by 627.14 km2 compared to 2000, and the
centre of gravity has moved 23,433 m to the
southwest (Table 4).

2) The scale area of ecological space continues to decrease,
with a cumulative reduction of 2137.42 km2 in 20a, with the
spatial centre of gravity moving southwards by 12638 m.
The first 10a of spatial change is relatively small, with a
0.30% decrease, and the scale of ecological space reduction
is more concentrated around the Changbai Mountain Range
in the southeastern part of the urban agglomeration in the
Yanbian Korean Autonomous Prefecture and the
Daxinganling area in the northwestern part, which is
associated with the high ecological vulnerability of the

region, while the decrease in the second 10a is 1.32%.
The scale of reduction is more obvious in the national
key ecological function areas in the north of the study
area and the Songyuan and Siping areas in the southwest,
with the difference between the long and short axes of the
20a standard deviation ellipse first decreasing and then
increasing, the area of the ellipse gradually increasing,
and the space becoming increasingly dispersed.

3) The expansion of urban space is the largest. In the past
20 years, the space has continued to expand in the
southeast direction along the development axis of Harbin-
Daqing-Qiqihaer-Mudanjiang, which is consistent with the
spatial pattern planning guidance of “dual core, one axis, and
two belts” for urban clusters in recent years: With Harbin and
Changchun as the core pole, and with the Harbin, Daqing and
Qiqihaer Railway as the link, it gradually radiates along the
northwest and southeast direction to drive the development
belt of the two major cities of “Harbin-Daqing-Qiqihaer-and
Mudanjiang” and “Changchun-Jilin-Tumen,” creating a
network pattern of axial and belt connectivity. From
2000 to 2010, the urban space increased by 7.31%, and the
spatial center of gravity moved to the northeast by 3,852 m.
The expansion scope of the two provincial capitals of Harbin
and Changchun and some surrounding areas were relatively
concentrated, with a large scale, but the expansion volume of
other areas was relatively low, especially the urban space
coverage in the northeast of Mudanjiang City and the
southeast of Yanbian Korean Autonomous Prefecture was
small. In addition to the continuous concentrated expansion
of provincial capital cities, a large number of urban Spaces have
been generated in Qiqihar, Daqing, and Mudanjiang in the
northwest. In 20a, the urban space in the urban
agglomeration increased by 13.13%, with a total increase
of 1,488.85 km2. The spatial center of gravity moves

FIGURE 3
Land use classification maps for 2000 (A), 2010 (B) and 2020 (C).
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eastward and southward, and the difference between the
ellipse and the axis of urban space is the largest, and the
dynamic migration direction is the most obvious. However,
the ellipse area does not change much, the coverage of space
expansion is limited and the dispersion is low.

4.1.2 Cross-conversion features of “three-
zone space”

The Arcgis10.8 software was used to calculate and analyze the
scale and direction of the spatio-temporal dynamic cross-
transformation of the “three-zone space” of the Harbin-
Changchun urban agglomeration from 2000 to 2020 (Figure 5),
and statistical data of various spatial cross-transformation in 20a
(Table 5) were collected. According to the main functional zoning
planning of the two provinces and the national ecological function
zoning documents, the characteristics of various spatial
transformations were analyzed respectively from the conversion
direction, conversion scale, and conversion position:

1) The conversion scale of agricultural space and ecological space
is the most significant 9,508.89 km2 of ecological space was
transformed into agricultural space, and the agricultural space
had a net inflow of 1,927.54 km2 from ecological space. From
the perspective of longitudinal time series, 13,309.98 and
13,776.63 km2 of these two types of spatial land participated
in the transformation in the first 10a, respectively, while the
conversion scale in the second 10a was relatively small. The
conversion areas of the two types of space mainly occurred in
the main agricultural production areas such as the western
Songnen Plain, the main forest product production areas such
as the central part of Jilin and the northwest part of
Heilongjiang Province, and the national nature reserves. In
the context of the rapid expansion of urban space in the past
20 years, the urban space of Harbin-Changchun urban
agglomeration has still carried out a large-scale transfer to
agricultural space, accounting for 88.7% of the total urban
space transfer scale, which is a rare cross-conversion feature in

FIGURE 4
Spatio-temporal dynamics of the “three-zone space”. (A) Agricultural space (B) Urban space (C) Ecological space.

TABLE 4 Land use area and share from 2000 to 2020.

Space
type

2000 2010 2020 Area
variation in
2000-2010

Area
variation in
2010-2020

Area
variation in
2000-2020Land

area
(km2)

Share of
total

area (%)

Land
area
(km2)

Share of
total

area (%)

Land
area
(km2)

Share of
total

area (%)

Agriculture
Spaces

150122.83 0.4656 149779.12 0.4645 150749.97 0.4676 −0.00229 0.006482 0.004178

Ecology
Spaces

160987.25 0.4993 160501.72 0.4978 158849.83 0.4927 −0.00302 −0.01029 −0.01328

Towns
Spaces

11332.91 0.0351 12162.40 0.0377 12820.48 0.0398 0.073193 0.054108 0.131,261
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northeast China compared with other regions of China. Urban
space transfer areas are mainly concentrated in the outlying
rural areas far away from the built-up areas and high-quality
farmland, while the key development areas near the main
urban areas are less distributed.

2) The expansion of urban space mainly comes from agricultural
space, and the outflow of ecological space is relatively low. In
the past 20a, agricultural space conversion land accounted for
more than 85% of the new urban space, especially in
Changchun and Jilin. In the first 10a, the agricultural space
conversion scale reached 4,271.37 km2, accounting for nearly
90% of the new urban space. The latter 10a saw a slight decline
in the scale of conversion under the policy constraint of the
State’s proposal to protect the construction of basic farmland
and the vigorous development of functional areas for
agroforestry products. In general, the transformation of
agricultural space and ecological space to urban space is
along the direction of northwest to southeast, but the
direction of ecological space transformation is more
obvious. The agricultural spatial conversion center moved
16,024 m to the southeast, while the ecological spatial
conversion center moved eastward and northward. The
spatial conversion area gradually approached the main
producing areas of agricultural and forestry products and
ecological protection function areas from the surrounding
areas of the key and core development zones of the urban
agglomeration, and the derivative of urban space and the
encroachment on other spaces became gradually obvious.

3) The conversion of ecological space mainly depends on
agricultural space. In the past 20 years, 7,581.35 km2 of
agricultural space has been converted into ecological space,
with a relatively discrete distribution; The scale of urban

spatial transformation is small, mainly concentrated in the
Greater and Lesser Hing’an Mountains, the southern part of
the Sanjiang Plain and near key ecological functional areas, and
the transformation center gradually shifts to the east.

4.2 The spatial and temporal evolution of the
conflict in the “three-zone space”

Taking into account the definition of the core area in the
Development Plan of Harbin and Changchun Urban
Agglomerations and the division of the core-periphery structure
of Harbin and Changchun Urban Agglomerations by existing
studies, dividing Daoli district, Nangang district, Daowai
district, Xiangfang district, Pingfang district, Songbei district,
Acheng district and Shuangcheng district in Harbin City; Saltu
district, Longfeng district Ranghulu district, Honggang district of
Daqing City; Chaoyang district Nanguan district, Kuancheng
district, Erdao district, Lvyuan district, Jiutai district of
Changchun City, and Changyi district, Longtan district,
Chuanying district and Fengman district of Jilin City, a total of
22 regional units into core areas, while the rest are peripheral
districts (Zhang and Qi, 2018). The spatial comprehensive conflict
index of land use represents the conflict degree of three types of
Spaces. According to the distribution characteristics of the
cumulative frequency curve of spatial conflict index and the
evolution law of the inverted “U” shaped curve model of spatial
conflict (Zhou et al., 2022), this study adopts the equal spacing
method to divide the comprehensive index of land use spatial
conflict into: There are four grades: stable and controllable
[0,0.25), basically controllable [0.25,0.5), basically out-of-control
[0.5,0.75) and seriously out-of-control [0.75,1.0]. Then,

FIGURE 5
Spatio-temporal dynamics of the “three-zone space” crossover. (A) 2000–2010 (B) 2010–2020 (C) 2000–2020.
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Arcgis10.8 is used to conduct a fishnet unit analysis of land use
spatial conflicts (Figure 6).

1) From the perspective of spatial distribution structure, the seriously
out-of-control areas are mainly distributed around the core areas
of the central part of the urban agglomeration, such as the main
axis line of Harbin and Changchun and the development belt of
Harbin-Daqing-Qiqihar-Mudanjiang. Among them, the spatial
conflicts in the main urban areas of Changchun and Harbin are
the most serious and concentrated, and the conflicts in
Changchun are the most extensive. Except for the major out-
of-control areas in the main urban areas, the basic out-of-control
areas spread to the surrounding counties and towns along the
administrative division. Andwith themain urban area as the core,
it spreads to the surrounding areas until it connects with the out-
of-control area of Harbin City in the north to form an “out-of-
control belt.”Comparedwith the core area, there are fewer serious
out-of-control areas in the peripheral areas, and the basic out-of-
control areas are presented in the shape of a dot, set in it: the
spatial conflicts are strongest in the central and northern parts of
Siping City and Liaoyuan City, and the southeastern part of
Songyuan City; the spatial conflict at the junction of

municipalities is more significant, Mudanjiang City and
Yanbian Korean Autonomous Prefecture which are located in
the southeastern part of the urban agglomeration only have a large
distribution of runaway areas in the center of the City By
summarizing the spatial characteristics of conflict zones, it can
be found that out-of-control zones, especially serious out-of-
control zones, are concentrated in urban spatial areas and
spread to peripheral areas with administrative centers as the
core. The spatial conflicts near the major river systems are also
intensified, the ecological and agricultural spaces near the
Songhua River and Nenjiang River basins are frequently
transformed, and the regions with weak conflicts are mainly
distributed in the key ecological functional areas and national
nature reserves in the northwest and east, amongwhich the spatial
conflicts in the forest ecological functional areas of Changbai
Mountain in the east are the weakest, and the controllable area
units account for 72.3% of the total units. The remaining
controllable areas are mainly in the outer contour areas of
urban agglomerations and are relatively discrete.

2) From the perspective of dynamic change of spatial conflict pattern
(Table 6 and Figure 7), the intensity of conflict in 20a “three-zone
space” showed a trend of first increasing and then decreasing, in

TABLE 5 Dynamic cross-transformation data of the “three district space” from 2000 to 2020.

Conversion
phase

Cross-conversion scale

Agriculture
→Ecology

Agriculture
→Towns

Ecology
→Agriculture

Ecological
→Towns

Towns
→Agriculture

Towns
→Ecological

2000–2010 13309.98 4271.37 13776.63 512.22 3461.84 492.19

2010–2020 8763.76 2869.28 10222.44 483.74 2385.74 309.13

2000–2020 7581.35 3456.96 9508.89 467.34 2161.88 274.95

FIGURE 6
Conflict pattern distribution characteristics of the “three-zone space” in 2000 (A) 2010 (B), and 2020 (C).

Frontiers in Environmental Science frontiersin.org13

Zheng et al. 10.3389/fenvs.2023.1288933

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1288933


which the basic controllable area decreased first and then
increased, the number of stable controllable area units
decreased year by year, and the scale of reduction increased
from 1.9% to 2.7%. The controllable area reduction area was
mainly located in the agricultural and ecological space around the
municipal administrative center. The proportion of out-of-
control areas has changed from 30.09% in 2000 to 38.65% in
2010, and 34.26% in 2020. The number of out-of-control areas in
the first 10a has increased dramatically, and the number of
seriously out-of-control areas alone has increased by 58 pcs.
From the distribution map, the additional units are mainly
distributed in the core area of urban agglomeration and its
surrounding agricultural space. After 10a, the number of
runaway zones declined, but the scale of the reduction was
smaller, The reduction area is mainly concentrated in the
main production areas of agricultural and forestry products,
key ecological function areas and nature conservation areas of
the Sanjiang Plain outside the urban agglomeration, conflicts in
some agricultural spaces and most ecological spaces far from the
core areas were alleviated, while in the central and southern part

of the Songnen Plain, the concentration of basically out-of-control
and seriously out-of-control units along the main axis of the
development of Harbin-Changchun continued to increase.

The dynamic change of spatial conflict pattern is closely related
to the interference of human activities during urban development
and construction. In the past 20 years, due to the rapid development
of urbanization, and industrialization, the core area of urban
agglomerations has a dense population, relatively concentrated
industrial distribution, high urbanization level, and relatively
developed economy, while the peripheral area is mainly
distributed with rural settlements and lacks industrial types.
Cultivated land has become the core production factor in rural
areas, so a large amount of reclaimed agricultural land is spread
around. With the continuous spillover of population and industry, a
large number of “satellite cities” have been derived from the
periphery of the core area. With the continuous outward
expansion of urban built-up areas, agricultural space is invaded
by urban space on a large scale, the transformation scale of ecological
space and urban space is gradually significant, and the

TABLE 6 Conflict index data for the “three-zone space” from 2000 to 2020.

The type of spatial
conflict

2000 2010 2020

Quantity
(pcs)

Percentage
(%)

Quantity
(pcs)

Percentage
(%)

Quantity
(pcs)

Percentage
(%)

Stable and controllable 470 42.30 461 41.94 449 40.45

Basically controllable 306 27.54 221 19.89 281 25.29

Basically out of control 188 16.92 224 20.16 193 7.34

Severely out of control 147 13.23 205 18.45 188 16.92

FIGURE 7
Conflict index table.
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fragmentation and complexity of spatial patches are increasing, thus
leading to the increasingly intensified conflict of “three-zone space”
in this region. In 2018, the central government required provincial
and municipal people’s governments to demarcate the main
functional areas. The protection of basic farmland and
agricultural and forestry product areas should be strengthened,
and the development restriction of ecological protection areas
should be enhanced. The spatial conflicts in the study area are
generally alleviated as a result, but the conflicts in the core area and
its surrounding areas are still serious.

4.3 Multi-scenario simulation results of
“three-zone space”

4.3.1 Accuracy verification
After the Extract Land Expansion module built-in PLUS model

was used to extract the raster data of land expansion from 2000 to
2010, the selected driver data set was added to the LEAS module, the
random forest decision tree was set as the default value 20, the
sampling rate was 0.01, and the number of trained RF features was
30. The random forest algorithm was used to mine each type of land
use expansion and driving factors one by one, and the contribution
data of driving factors and the suitability atlas of eight land use types
were obtained. The land use type suitability atlas and 2010 land use
distribution grid data were input into the CARS module to simulate
the spatial distribution of land use in 2020, and the results were
compared with the real data. The Kappa coefficient of the image was
0.88, the overall accuracy was 0.95, and the model prediction
accuracy was excellent. On this basis, the spatial distribution of
land use in 2030 was simulated concerning the set rules of multi-
scenario simulation and the distribution pattern of “three-region
space”was obtained after reclassification (Figure 8) (Table 7). Cross-
conversion data of various types of land use from 2020 to 2030 were
calculated and a string diagram was drawn (Figure 9).

4.3.2 Distribution pattern of “three-zone space”
under multi-scenario simulation

Combined with Figures 8, 9 it can be seen that: compared with
2020, there is no significant structural change in the spatial pattern
of the three regions under the natural development scenario, with
agriculture and ecological space as the main body, but there are
significant differences in spatial distribution characteristics in the
priority scenarios of agriculture, urban and ecological space. Among
the four scenarios, the conversion scale of grassland, cultivated land,
forest land, wetland, and artificial land surface is more obvious,
while other land types have little change, as shown in

1) under the natural development scenario, the agricultural,
ecological and urban spatial area of the Harbin-Changchun
urban agglomeration in 2030 will increase by 788.01 km2,
decrease by 1,295.84 km2, and increase by 507.84 km2

compared with 2020. Ecological space as the main turn-out
space in which the grassland area changed themost, decreasing
by 1,039.88 km2, and the main outflow direction was wetland
and artificial surface. The proportion of agricultural space is
almost the same as that in 2020; With the continuous
development of urban agglomeration, the urban space

continues to increase, with the proportion of space rising
from 3.97% to 4.13%. However, with an average growth
rate of 0.04% over the last 10a, the rate of expansion has
become slower than in the past, the expansion area occurs
mainly in the south-eastern part of Daqing City linking the
main axis of Harbin-Changchun urban agglomeration.

2) Under the agricultural space priority scenario, the agricultural
space 10a increased by 10,943.32 km2, which was 13.71 times
of that under the natural development scenario, and the
expansion effect was significant. The proportion of ecology
and urban space decreased by 2.58% and 0.8% respectively,
and the urban space scale stopped expanding. In terms of
spatial cross-conversion, the expansion of agricultural space
mainly comes from ecological space. A total of 6,722.31 km2 of
ecological space is transformed into agricultural space, among
which the conversion of grassland into cultivated land
accounts for the largest proportion, but the conversion area
of artificial surface single land type accounts for 61.40% of the
total land conversion area of the six types of ecological space.
From the perspective of transformation position, the
agricultural spatial expansion effect of provincial key urban
group development zones and forest ecological function zones
is remarkable.

3) Under the urban space priority scenario, the urban space 10a
increased by 9,782.30 km2, and the space proportion increased
from 3.97% to 7.01%. The increase in area was 12.41 times that
under the natural development scenario, and the average
annual growth rate increased to 0.7%, indicating a strong
expansion of urban space. At this time, the agricultural
space and ecological space were reduced by 4,249.35 and
5,532.94 km2 respectively. In terms of spatial cross-
conversion, the conversion area of agricultural space to
urban space is the largest, accounting for 67.02% of its total
growth area. For the ecological space, the scale of grassland
conversion is the largest. From the perspective of conversion
position, urban spatial growth regions are concentrated in the
central and western parts of urban agglomerations: The large-
scale transformation of agricultural space along the railway
formed a “strip urban space belt.” Nearly 82% of agricultural
space in Nongan County, Dehui City, and Yushu City in the
north of Jilin City was transformed into urban space, forming
an “urban space network” with Changchun City and Jilin City
as the core and spreading to the surrounding areas, while the
urban space expansion in Qiqihar City and Suihua City was
relatively uniform. In the eastern region, the expansion is
mainly scattered, and the agricultural space around the core
built-up areas of districts and counties in Mudanjiang City and
Yanbian Korean Autonomous Prefecture and the ecological
space close to the residential areas are transformed on a
large scale.

4) Under the ecological space priority scenario, the ecological
space 10a increased by 16,432.89 km2, and the space
proportion increased from 49.26% to 54.3.6%. The growth
area is 12.6 times of that under the natural development
scenario. Unlike other scenarios, while the ecological space
increases rapidly, the urban space also expands significantly,
increasing by 1,869.31 km2. In terms of spatial cross-
conversion, agricultural space is the main source of
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ecological space, in which the area of arable land to the forest is
the largest and most extensive, and the scale of conversion
between different land types in ecological space is small. Of
these, the largest scale of conversion is between bare ground
and grassland. In terms of the conversion position, the
expansion of ecological space mainly occurred in the flat
Songnen plain in the central and western part of the urban
agglomeration, and the water content was relatively sufficient

in the Nenjiang and Songhua River basins, while the expansion
scale in the eastern part was relatively small.

4.3.3 Multi-scenario simulation of land use conflict
distribution characteristics in the “three-
zone space”

The multi-scenario simulation “three-zone space” data in
2030 was imported into the Arcgis10.8 software to create a

FIGURE 8
Distribution of the “three-zone spatial” pattern of the Harbin-Changchun urban agglomeration under multiple scenarios in 2030. (A) 2030 Scenario
A (B) 2030 Scenario B (C) 2030 Scenario C (D) 2030 Scenario D.
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TABLE 7 Distribution data of “three-zone space” pattern under multi-scenario simulation.

Type of
space

Scenario type

Natural scenario Agricultural spatial
priority scenario

Urban spatial priority
scenario

Ecological space
priority scenario

Area
(km2)

Area
share (%)

Area
(km2)

Area
share (%)

Area
(Km2)

Area
share (%)

Area
(km2)

Area
share (%)

Agricultural space 151537.98 47 161693.29 50.15 146500.62 45.44 132447.78 41.08

Ecological space 157553.98 48.87 150495.52 46.68 153316.88 47.55 175282.71 54.36

Urban space 13328.32 4.13 10231.47 3.17 22602.78 7.01 14689.79 4.56

FIGURE 9
Land use transfer chord diagram for the Harbin-Changchun urban agglomeration under the multi-case simulation for 2020–2030. (A) Scenario A
(B) Scenario B (C) Scenario C (D) Scenario D.
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fishing net, and the comprehensive conflict index of “three-zone
space” in 2030 was measured with the Fragstats4.2 software moving
window method, to obtain the spatial conflict pattern of the Harbin-
Changchun urban agglomeration under four types of scenarios
(Figure 10). The results show that (Table 8):

1) Under the natural development scenario, there is no significant
change in the distribution structure of the “three-zone space”
conflict pattern compared to 2020, and the number of units in
the out-of-control zone continues to decline, while the stable
and controllable zone remains the largest in terms of scale but
also experiences the largest reduction among the four conflict
zones. In addition to the mutual transformation between the
seriously out-of-control area and the basic out-of-control area,
there are also some seriously out-of-control areas located at the
edge of the peripheral area and the core area that are directly
developed into the basic out-of-control area. However, under
this scenario, the number of units in the seriously out-of-
control area exceeds the basic out-of-control area for the first
time, significant growth at administrative district boundaries.
It is evident that the spatial conflicts in the core area and
surrounding area are constantly intensified with the
improvement of urbanization level and urban expansion.
Resolving conflicts and reducing the seriously uncontrolled
areas will require a considerable amount of time.

2) Agricultural spatial priority scenario was the most ideal
simulation result for spatial conflict control among the four
types of scenarios. The number of units in the severely out-of-
control area decreased by 62 compared with the natural
development scenario, and the total number of units in the
out-of-control area decreased by 52 compared with the natural
development scenario, accounting for only 26.37% of the total
number of the areas. The highly concentrated and seriously
out-of-control areas in the main axis of the development of
Harbin and Changchun have been significantly reduced, and
the spread of conflict to the surrounding areas has also been
curbed. Most of the areas in the core area have been
transformed from the seriously out-of-control areas to basic
out-of-control area or controllable areas, especially the
controllable area of the conflict area in the development
zone of Harbin, Daqing, and Qing has been significantly
expanded. In the peripheral areas, only Siping City and
Liaoyuan City still have a certain scale of serious out-of-
control areas.

The priority scenario of agricultural space aims to protect basic
farmland and ensure agricultural and forestry product supply, from
the perspective of ensuring national food security and improving
comprehensive agricultural productivity. As the insufficient supply
of mainland sources for urban spatial expansion. After the
development of agricultural space is limited, the urban expansion
process slows down with it, thus alleviating the aggravation of the
contradiction between man and land. However, while fully
protecting agricultural space, this scenario also delays the
development process of urbanization.

3) In the urban spatial priority scenario, the “three-zone space”
conflict is the most intense, and the total number of out-of-

control district units is 491, an increase of 112 space units
compared with 2020. The proportion of space area increased
by 9.36% compared with the natural development scenario.
The spatial conflicts in the main built-up areas and the
surrounding counties and towns are intensified, and the
spatial conflict layout structure has obvious attributes of
urbanization core expansion. The conflict in the core area is
the most serious, and the out-of-control area expands
dramatically. Harbin and Changchun are the two growth
centers, and significant diffusion effects are generated in
both radial and axial directions. The basic out-of-control
area distributed in key development areas and urban groups
has undergone a large-scale transformation to the severely
out-of-control area. The original conflict-controllable “buffer
zone” between the two poles is connected with each other to
form a “seriously out-of-control gathering area” of spatial
conflicts. In the outer areas, the conflicts between Qiqihar
City and Suihua City developed strongly along the direction of
the development belt of Ha-Da-Qi-Mu.

Urban spatial priority is crucial for adapting to the future economic
development situation, strengthening the spatial connection between
medium satellite cities and key small towns, and ensuring the steady
progress of urbanization level. National key development urban groups
are given priority development rights, which makes urban space large-
scale encroachment on surrounding ecological and agricultural land,
and the complexity and fragmentation of land patch landscape pattern
significantly increase the conflicting index. Such a scenario is an
extreme pursuit of economic benefits at the expense of agricultural
and ecological rights.

4) Under the ecological space priority scenario, the structure of
the “three-zone space” conflict pattern was significantly
different from other scenarios, and the areas of the stable
and controllable conflict zones and the seriously out-of-
control conflict zones increased significantly. There are
322 units in the serious conflict zone and 525 units in the
stable controllable conflict zone, accounting for the largest
proportion among the four scenarios. The layout of spatial
conflicts is seriously extreme: the out-of-control conflict zones
are distributed in the core areas of urban agglomerations and
the industrial corridor of Harbin-Daqing-Qiqihar, of which
75.8% are seriously out-of-control areas. In the outer regions,
Mudanjiang City, Suihua City, the whole of Yanbian Korean
Autonomous Prefecture, and the northern region of Qiqihar
are in the range of controllable conflict zones, of which 77.9%
are stable controllable areas. The basic controllable area and
the basic out-of-control area are mainly distributed in the
middle transition zone of the two types of conflict Spaces and
near the urban agglomeration contour area.

The ecological space priority scenario is an important scenario to
promote the transformation of urban agglomeration from extension
and expansion to connotation and promote the harmonious and
sustainable development of man and nature. National nature
reserves and key ecological function areas have been fully protected,
while another ecological land has been given priority for development.
Under ecological protection measures such as returning farmland to
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forests and grasslands, the ecological space of forests and grasslands has
expanded significantly, with the highest level of forest and grass area. In
space competition, the artificial land surface is at the priority level
(Chen, W et al., 2023), resulting in an increase in urban space area. As
the mainland supply area, agricultural space is invaded by both urban
and ecological space, resulting in a severe impact on landscape pattern,
which results in a high coincidence between spatial conflict pattern and
agricultural spatial distribution.

5 Discussion and conclusion

5.1 Discussion

The fundamental purpose of land use conflict research is to
prevent and eliminate potential conflicts in the future. Compared
with the static characterization of the land use conflict pattern and
the exploration of the driving factors in the existing studies

FIGURE 10
Spatial conflict pattern of the “three-zone space” in the Harbin-Changchun urban agglomeration under multiple scenarios in 2030. (A)
2030 Scenario A (B) 2030 Scenario B (C) 2030 Scenario C (D) 2030 Scenario D.
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(Liu et al., 2022; Ma et al., 2022) the evolutionary patterns of the
three types of spaces are firstly accurately portrayed and discussed in
detail from two dynamic dimensions, namely, time and space, in
terms of physical and quantitative changes in this paper. And
discovers the potential rules of spatial evolution that have been
neglected in the previous studies, These are the factors that cannot
be ignored in land use conflict management. However, few studies
have paid attention to this basic work.

In terms of simulation research on urban land expansion,
existing studies mostly focus on the improvement of model
precision and accuracy verification (Qiao et al., 2023) while
there is a lack of discussion on how the simulation results can
effectively support the determination of urban planning and
management policies. In this paper, in accordance with the
requirements of the content of the “Harbin-Changchun Urban
Agglomeration Development Plan,” four scenarios of urban
space priority, agricultural space priority, and ecological space
priority and natural development are set up, rationalize the
setting of restricted development zone, and the four
simulation scenarios ensure the upper limit of the occurrence
of conflict, the status quo, and the lower limit, identify the
potential conflict areas and form a contrasting effect among
each other, so that the decision makers can obtain the results
under different scenarios, and formulate reasonable conflict
control policies according to the differentiated characteristics
of different regions.

1) The research results demonstrate that agricultural space
represented by cultivated land is the core resource and key
area contested by different interest subjects in the process of
land development and utilization, and it is also a high-
incidence area where spatial conflicts arise and escalate
(Haregeweyn et al., 2012). In the process of urban
expansion, urban space has a large amount of
encroachment upon agricultural space. Under ecological
protection measures such as returning farmland to forest
and grassland, cultivated land also should provide the place
for the sustainable and healthy development of ecological
environment. Agricultural spatial pattern directly
determines the pattern of spatial conflicts to some extent.

2) The spatial conflicts in the Harbin-Changchun urban
agglomeration have slightly eased in 2010 and 2020, but
the regions with reduced conflict levels were mainly

distributed in the peripheral areas. The spatial conflicts
caused by urban spatial expansion in the core and
surrounding areas were difficult to produce significant
reverse resolution effects through policy-oriented means in
a short period of time, reflecting obvious distance effects. The
scenario setting of single space priority can satisfy the control
of conflict scale in the study area, but cannot balance the
distribution of multiple spatial rights and conflict locations.

Based on the above analysis of the prediction results of different
simulation scenarios, optimization strategies are proposed in the
following aspects:

① Overall planning of the “three-zone space” layout and
implementing the urban optimization model for the core
area of urban agglomerations. It is an inevitable trend that
the spatial conflict in the core area of urban agglomerations
will intensify. Therefore, the efficient and intensive use of space
within the core area, the rational planning and configuration of
industrial and infrastructure space layout, and the promotion
of industrial structure upgrading while limiting the unbridled
expansion of the built-up area. Strictly control the amount of
construction land to reduce the space conflict caused by the
outward diffusion of the core area.

② Implementation of a comprehensive development model for
satellite towns and villages outside the core area. The satellite
towns mainly undertake the overflow industries and population
of the main urban area, but they are in the transition zone
between urban space and agricultural space. The dual benefits of
economic development and agricultural protection should be
realized comprehensively, so the production and construction
of land and agricultural land should be integrated to achieve
intensive utilization. In addition, a regional buffer zone is set up
between rural settlements, high-quality cultivated land, and basic
farmland to delay the high-intensity conflict between urban space
and agricultural space.

③ Strict cultivated land protectionmode shall be implemented in the
range of high-quality cultivated land, permanent basic farmland
and main producing areas of agricultural products to avoid the
loss of high-quality cultivated land and ensure food security
and stability.

④ Implement ecological protection models within key ecological
functional areas and nature reserves, strictly implement

TABLE 8 Comprehensive conflict index of “three-zone space” in Harbin-Changchun urban agglomeration under multi-scenario simulation.

Spatial conflict type Natural scene Agricultural spatial
priority scenario

Urban spatial priority
scenario

Ecological space
priority scenario

Number Percentage Number Percentage Number Percentage Number Percentage

(pcs) (%) (pcs) (%) (pcs) (%) (pcs) (%)

Stable and controllable 479 43.07 513 46.17 408 36.69 525 47.21

Basically controllable 288 25.89 305 27.45 213 19.15 149 13.40

Basically out of control 171 15.37 181 16.29 230 20.68 116 10.43

Seriously out of control 174 15.64 112 10.08 261 23.47 322 28.96
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ecological protection red lines, and formulate hierarchical
management and control policies to strengthen the
protection of ecologically fragile areas.

⑤ Implement the urban development model in peripheral areas
such as Mudanjiang City and Yanbian Korean Autonomous
Prefecture, Appropriate expansion of urban spatial scale in
areas with the relatively concentrated distribution of conflict
controllable areas, strengthen economic and industrial
development in built-up areas, and make up for the limited
economic increment in the core area, so as to achieve the
balance of social and economic benefits of the entire urban
agglomeration.

5.2 Conclusion

This paper takes the perspective of “three-zone space” as the
pointcut, and selects 2000, 2010, and 2020 as observation nodes,
portrays the Harbin-Changchun urban agglomeration from the
dimensions of “transformation scale” and “landscape pattern,”
quantitatively describes the spatio-temporal dynamic changes of
land use distribution and spatial conflict pattern of the urban
agglomerations in the past 20 years, and combines the PLUS
model with multiple scenarios to simulate the conflict evolution
trend, draws the following conclusions:

1) The land use spatial pattern of the Harbin-Changchun urban
agglomeration is highly consistent with the main functional
areas. Agricultural and ecological spaces are mainly distributed
in the central and eastern regions, while urban space is
distributed along the Harbin-Daqing-Changji-corridor
development zone with Harbin-Changchun as the
development axis. In the past 20 years, urban space has
continued to expand outwards, and agricultural space has
become the main source, resulting in a large loss of high-
quality farmland. At the same time, the scale of cross-
conversion between agricultural space and ecological space
is the largest, mainly in the main producing areas of
agricultural and forestry products and national nature
reserves, with the cross-conversion center shifting to the
southeast. Relatedly, the spatial conflict pattern of the
Harbin-Changchun urban agglomeration is closely related
to the trajectory of human development activities. Areas
with out-of-control conflicts are concentrated in core areas
with high levels of economic development and dense
population, while key ecological functional areas and nature
reserves in the northwest and east are areas with the weakest
conflicts. In the past 20 years, the intensity of conflicts in the
“Three-zone space” has shown a trend of first increasing and
then decreasing. However, in ecological functional areas far
away from the city, conflicts are increasingly becoming more
extreme. Although the promotion of national policies and
measures has alleviated spatial conflicts, the problem of
agricultural and ecological spatial deprivation in the core
area is still an inevitable contradiction.

2) Simulation and prediction results indicate distinct
distribution differences in the “three-zone space” under
various scenario planning. Under the natural development

scenario, ecological and agricultural space still dominate, and
spatial transformation remains relatively balanced. Although
urban space continues to expand, the growth rate has slowed
down. However, under the scenario of giving priority to the
development of urban and ecological space, the “three-zone
space” pattern has changed significantly. Agricultural space
has been greatly encroached, and the proportion has dropped
sharply. Only under the scenario of giving priority to
agricultural space, the agricultural area will increase. And
urban space is reduced. Agricultural space and urban space
show opposite trends in spatial transformation, and the
competition between them is particularly fierce. Under the
four scenarios, the overall conflict pattern of the “three-zone
space” showed a spatio-temporal distribution pattern of
“high in the south, low in the north, high in the west, low
in the east, and with high in the core, low in the periphery,
high in the plains, and low in the mountains.” The conflicts in
the urban space priority scenario are the most intense. The
proportion of out-of-control areas is the highest in 30 years,
and it spreads disorderly to the surrounding areas. The
contradiction between man and land is acute. The
agricultural spatial priority scenario has the best control
effect on spatial conflicts. Although serious conflict areas
still exist in Siping City and Liaoyuan City, the spatial
conflicts in the core area are significantly reduced. Under
the ecological space priority scenario, conflict areas, stable
controllable areas, and severely out-of-control areas show a
highly concentrated and polarized distribution in the east
and west, while the basically out-of-control areas and
basically controllable areas are located in the intermediate
transition zone.

Research results show that the continued deterioration of land
use conflicts in core areas is an inevitable development trend.
Agricultural space represented by cultivated land is the core
resource and key area that different stakeholders compete for in
the process of land development and utilization. As urban space is
expanding on a large scale, it is also constantly transforming
outwards, it has always shown an opposite development trend to
the agricultural space. There is no optimal solution to the land use
model that can achieve balanced and coordinated development of
urbanization, food production and ecological protection. Therefore,
in the next 10 years, the government should formulate differentiated
land use policies for core and peripheral areas, giving priority to
ecological environment improvement and Reasonable layout of
regional space and optimization of spatial configuration for
regional economic transformation. Promoting governments at all
levels to further carry out land use optimization research and policy
innovation is of great significance to promoting the coordinated and
sustainable development of the Harbin-Changchun urban
agglomeration.
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