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Abstract: Accurately identifying potential land use conflicts (LUCs) is critical for alleviating the
ever-intensifying contradictions between humans and nature. The previous studies using the method
of suitability analysis did not take full advantage of the current land use and multi-function charac-
teristics of land resources. In this study, an improved model of suitability analysis was realized. In
order to explore the LUCs status, including the types, intensity and distribution, a multi-objective
suitability evaluation model was constructed from the perspective of production-living-ecological
functions. And it was applied to Hengkou District, a typical region of the Qin-Ba mountainous area
in the central part of China. The results show that the suitability distribution of living- production-
ecological functions vary widely from the center to the periphery with altitude in Hengkou District;
22.03% of the land is at a risk of land use conflict. Among them, the high potential conflict areas
account for 55.32%, and the conflicts between production and ecological lands (L2P1E1, L3P1E1)
are the largest, which are located at the fringe of the central urban and ecologically dominant area.
Therefore, it is necessary to adopt effective strategies to achieve a balance between the differential
demands of land use. This research could better reflect the true situation of land use in ecologically
sensitive mountainous areas and would provide theoretical and methodological support for the
identification and prevention of potential LUCs.

Keywords: potential land use conflicts; production land; living land; ecological land; conflicts
identification; mountainous area

1. Introduction

The pattern of land utilization is a result of various human activities; meanwhile, it is
an important restricting factor for human activities [1]. Based on the three dominant func-
tions of “living-production-ecology”, different benefit-oriented practical activities focusing
on economic, social and environmental benefits have been carried out [2]. However, the
limited land resources lead to competition among different land use modes [3]. It can be
seen that land use conflict is the contradictory state of various stakeholders in the process
of land resource utilization due to different purposes, while potential land use conflict
refers to the accumulation of preconditions that can lead to conflicts among stakeholders.
To a certain extent, actual conflicts will appear [4]. The effective identification of potential
conflict areas is the key to prevent land use conflict. The Qin-Ba mountainous area is an
important ecological barrier in China. Affected by the natural properties of mountainous
areas, such as energy gradient, surface fragmentation and spatial heterogeneity, the region
is also an unbalanced area of economic and social development. In recent years, with the
development of urbanization and the acceleration of countryside construction, the urban-
rural land use patterns have shown dramatic changes [5–8] accompanied by frequently
land use conflicts. Unreasonable land use intensifies the conflict among living, production

Remote Sens. 2021, 13, 2416. https://doi.org/10.3390/rs13122416 https://www.mdpi.com/journal/remotesensing

https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com
https://doi.org/10.3390/rs13122416
https://doi.org/10.3390/rs13122416
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/rs13122416
https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com/article/10.3390/rs13122416?type=check_update&version=1


Remote Sens. 2021, 13, 2416 2 of 17

and ecological spaces and offsets sustainable development [9–11]. Consequently, scientific
identification of the potential land use conflicts is crucial to current land use planning.

Land use conflict is a universal problem. The international community paid atten-
tion to it as early as the 1970s [12]. In 1976, the United Nations Food and Agriculture
Organization formulated and promulgated the “Land Evaluation Outline”, which pro-
posed that land use plans should be oriented to land suitability. Subsequently, countries
around the world established their own evaluation systems based on this outline [13].
Since then, research on land use conflicts related to society [14,15], economy [16], geog-
raphy [17] and environment [18] has gradually developed. The word “conflict” comes
from sociology [19]. However, with the development of social and legal systems, social
conflicts characterized by the possession of property rights have been decreasing, and
spatial conflicts are increasing and will be the main type of future conflicts [20]. At present,
land use conflicts are still receiving attention. There have been numerous studies focus-
ing on the concept [21–23], identification methods [24–27], characteristics [28,29], internal
mechanism [30], causes [31–33] and impacts [34–36] of the conflicts.

The method of land use conflict identification mainly includes participatory survey [37],
pressure-state-response conceptual model [38,39], comprehensive index method [40], land
use transfer matrix [41], land use suitability evaluation [42–45], etc. Each of them is driven
by a different goal and has its own suitable scenarios [46]. In order to explore the LUCs
status, not only to obtain quantitative results, but also to identify the type and intensity
of the conflict, a land use suitability evaluation has been selected in this research after a
comprehensive comparison. Land suitability means the suitability of a given type of land to
support a defined land use, either in its current state or after improvements. Land suitability
evaluation means the process of appraisal and the grouping of specific areas of land in terms
of their suitability for defined uses [47]. This assessment is always carried out separately
for each category of land use [48], for example, suitability evaluation of cultivated land [49],
etc. Under the urgent pressure of economic and social development, land use changes
frequently, and land use conflicts are inevitable. It is necessary to identify potential conflicts
for regional multiple land use. In general, land use is considered to mainly meet the
needs of construction land, agricultural land and ecological land [13]. There has been
a lot of research from the perspective of construction–agriculture–ecology land in order
to determine the optimal distribution of land use [50]. However, regional development
tends to be examined from the perspective of cities, neglecting the increasingly fierce
land use conflict in rural areas. As rural construction land is scattered and often divided
into agriculture land, the result often represents the conflict among urban, agriculture
and ecology. Under the background of China’s spatial planning, for regional sustainable
development, there is a new classification of land use from the three dimensions of living,
production and ecology [51]. It is more comprehensive and more suitable to current regional
planning in China. In addition, land suitability evaluation characteristics vary between
regions. The factors affecting land use conflict should be goal-oriented and suitable to local
conditions. In terms of the Qin-Ba mountainous area, with a large number of scattered
villages, a local evaluation system needs to be established.

We adopted the new perspective of living, production and ecological functions in
this research. Based on it, an improved multi-objective land use suitability evaluation
method was developed and applied in Hengkou District of the Qin-Ba mountainous area.
The main objectives of this study are the (1) construction of a multi-objective suitability
evaluation model; and (2) the identification of the types, levels and distribution of potential
land use conflicts. This study focuses on improving the method for identifying potential
LUCs. The result could better reflect the true situation of land use in ecologically sensitive
mountainous areas and would provide theoretical and methodological support for the
identification and prevention of potential LUCs.
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2. Materials and Methods
2.1. Research Area

The Qin-Ba mountainous area, located in the upper reaches of the Yangtze River, is an
important ecological barrier in the central part of China. It extends across the six provinces
of Gansu, Sichuan, Shaanxi, Chongqing, Henan and Hubei. In this area, the Qinling Moun-
tains lie across the north, the Bashan Mountains are in the south and the Hanjiang River lies
between them, forming a unique sandwich landform structure. Hengkou District is in the
core of the Qin-Ba mountainous area, and it has a similar sandwich landform structure. The
Yue River, a tributary of the Hanjiang River, passes through the area and forms a flat river
valley. The entire area is mostly mountainous and hilly with extraordinarily fragmented
terrain; therefore, the towns and villages extend along the central Yue River (Figure 1).
Hengkou District belongs to Ankang City, Shaanxi Province. In 2012, Hengkou District
became a national pilot town for development and reform, which started a new chapter in
rapid urbanization. The urbanization rate rose sharply from 15% in 2012 to 56% in 2017.
With the increase in urban population and economy, the increasing demand for living land
in the future will exert great pressure on the production and ecological lands of the entire
region.
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Figure 1. Research location and land use status map for 2017. (a) Qin-Ba mountainous area in China;
(b) Elevation analysis of Qin-Ba mountainous area and the site of Hengkou District; (c) Land use of
Hengkou District.

2.2. Data Sources and Processing

To ensure the timely identification of the problems in land use planning implemen-
tation, it is necessary to take effective measures to monitor and evaluate development
activities. Remote sensing technology is used to provide a basis for revising the land use
changes’ data, which is not accurate or timely in large-scale land use change surveys. In
this study, the land use data of Hengkou District in 2017 from the Second National Land
Survey Database of 2010 and the Land Change Survey Database from 2011 to 2017 were
updated by remote sensing images using the visual interpretation method.

The remote sensing images used in this study were obtained from Landsat 8 OLI_TIRS
satellite data from the Geospatial Data Cloud (http://www.gscloud.cn/ accessed on
15 May 2019). The land use data are from the Second National Land Survey Database
and the 2017 Land Change Survey Database (1:50,000 scale); the land management data
are from the database of the basic agricultural land protect line, the ecological land protect
line and the expansion boundary of construction land in 2017. The DEM data are from

http://www.gscloud.cn/
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the GDEMDEM 30 m resolution elevation dataset in the Geospatial Data Cloud. All the
spatial data were unified into the GCS_WGS_1984 coordinate system in ArcGIS V10.2 and
transformed into a 30 m × 30 m raster layer. The social and economic data were obtained
from the 2017 Statistical Yearbook of Hengkou District and can be linked to the vector data
to establish a basic research database after processing.

2.3. Research Framework

To identify the land use conflict types and levels, we developed a research frame-
work (Figure 2). First, we constructed a reclassification system of land use based on the
living–production–ecological functions. Second, we structured a multi-objective suitability
evaluation model. Third, we obtained the distribution maps of living-production-ecological
suitability. Finally, we identified the areas with potential land use conflicts and defined the
specific conflict types and levels by overlaying the suitability maps.
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2.4. Research Methods
2.4.1. Classification System of Land Use Functions

There are different classification systems for land use types in the world. Odum
divided land use into four types in his compartment model, including productive areas,
protective (natural) areas, compromise areas and urban/industrial areas [52]. Carr and
Zwick developed their research on the land use types of agriculture, conversation and
urban, which is widely used nowadays [53]. In China, there are two land use classifica-
tion systems used by planning professionals. One is the Current Land Use Classification
(GB/T21010–2007) (The land use data used in this study were consistent with this ver-
sion; therefore, the latest version GB/T21010–2017 was not used), which has 12 first-class
categories and 57 second-class categories; the other is Land Management Law, including
construction, agricultural and unused land. The existing studies on potential LUCs were
based on them. However, the land has multiple functions with different priorities, which is
a reflection of land use suitability [54]. If the difference can be reflected in the suitability
evaluation factors, more accurate evaluation results will be obtained.

Based on the intensity of the living-production-ecological functions, we reclassified
the land use types based on the Current Land Use Classification (GB/T21010–2007) to three
new categories of living, production and ecological lands in the study region by improving
the results of Liu et al. [55] and Hu et al. [56]. Specifically, ecological land was divided
into the following four categories: complete ecological land (E-a), semi-ecological land
(E-b), weak ecological land (E-c) and non-ecological land (E-d). The ecological attributes
for E-a are dominant; those for E-b have no obvious priority for other functions; those
for E-c play a secondary role; those for E-d are extremely weak. For example, natural
grassland not only has ecological functions, but also assumes the function of production.
In comparison, the former is more dominant than the latter, which indicates a higher
ecological suitability. Thus, it can be classified as E-a and P-c. Similar to the classification
of ecological land, production land can be divided into the following four categories:
complete agricultural land (P-a), semi-agricultural land (P-b), weak agricultural land (P-c)
and non-agricultural land (P-d). Living land can also be divided into the following four
categories: complete living land (L-a), semi-living land (L-b), weak living land (L-c) and
non-living land (L-d) [57,58].
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The new conceptual classification system subdivides the land with two or three
functions, to ensure that composite functions, instead of a single function, can be obtained.
Compared with the previous classification system, the new one fully reflects the spatial
heterogeneity of functions. For example, if the ecology function of agricultural land
was considered, the ecological tendency is improved in suitability evaluation, which
is conducive to the restoration of ecological function in mountainous areas with poor
production conditions. The suitability evaluation results will be more functionally oriented
and conducive to the better allocation of land use. The specific differences among them are
shown in Table 1.

Table 1. Comparison of three land use classifications.

Land
Management

Law

Current Land Use Classification
(GB/T21010–2007) Classification of Living-Production-Ecology

Differences
First-Class Second-Class Living Production Ecology

Agricultural
land

Cropland - L-d P-b E-b

Emphasizing the ecological
function of agricultural

land

Garden - L-d P-b E-b

Grassland
Natural grassland L-d P-c E-a

Artificial grassland L-d P-c E-c

Other

Facility agricultural
land L-d P-b E-c

Ridge L-d P-b E-b

Water and
conservancy
facilities land

Pond L-d P-c E-c

Ditch L-d P-b E-c

Construction
land

Reservoir L-d P-c E-c Emphasizing the
production function of

construction landLand for public
management and
service facilities

Land for scenic spots
and facilities L-b P-b E-d

Park and green land L-b P-d E-c
Emphasizing the ecological

function of urban
construction land

2.4.2. Construction of Multi-Objective Suitability Evaluation Model

The Land Use Conflict Identification Strategy (LUCIS) model proposed by Carr and
Zwick [53] is used to estimate potential land use conflicts by evaluating the suitability of
different functions of the same land. The multi-objective suitability evaluation model in
this paper is an improved application based on their conceptual basis. Specifically, the
“multi-objective” in this study refers to the three main land use functions (living-production-
ecology), which is different from agriculture-construction-ecology in most studies using
the LUCIS model [41–44]. The construction of a multi-objective suitability evaluation
model includes the selection of evaluation factors, the determination of index weight, the
assignment of factors, the score calculation of the evaluation unit and the classification of
the suitability level.

(1) Selection of evaluation factors

The multiple suitability and the limited supply of land resources are the root causes
of the conflict, while the growth of the population and its demand for land are the main
driving forces. Therefore, the factors affecting land use conflict should include natural and
socio-economic factors. Based on the principles of comprehensiveness, representativeness,
regionality and data availability, the evaluation index system was constructed by factors
closely related to the suitability for living-production-ecology functions [59,60].

The living suitability reflects the natural, social and economic feasibility of land for
construction. The index factors are selected from natural conditions, land management,
current land use and public services. Among them, natural conditions are the basic limiting
factors for the expansion of living space. Thus, slope, altitude and the distance from rivers
were selected as the main factors for natural conditions. Construction land expansion
boundary and natural disasters were selected as the main factors for management. The
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current land use was classified according to the living function intensity, the stronger the
living function was, the better the living suitability was. Public services are composed of
population density, distance from main roads, main service facilities and the urban. The
larger the index value was, the better the living suitability was (Table 2).

Table 2. Evaluation factors and weights of living suitability.

Principal Weight Index Weight
Grading and Assignment

1 3 5 7 9

Natural
conditions 0.4133

Slope 0.6370 >35 25–35 15–25 8–15 <8
Altitude/m 0.2853 <400 400–600 600–800 800–1000 >1000

Distance from river/m 0.1047 >2000 1500–2000 1000–1500 500–1000 <500

Land
management 0.1076

Construction land
expansion boundary 0.6667 - outside - inside -

Distance from natural
disasters (m) 0.3333 <1500 1500–2500 2500–3500 3500–5500 >5500

Current land
use 0.2922 - 1.0000 L-d L-c L-b - L-a

Public services 0.1867

Population density 0.5396 0.007–0.110 0.110–0.190 0.190–0.276 0.276–0.428 0.428–0.865
Distance from main

roads (m) 0.2382 <100 100–500 500–1000 1000–1500 >1500

Distance from main
service facilities (m) 0.1416 <1000 1000–2000 2000–3000 3000–4000 >4000

Distance from the urban 0.1634 0.008–0.110 0.110–0.190 0.190–0.276 0.276–0.428 0.428–0.865

Production suitability is reflected by land efficiency and benefits. The index factors
are composed of natural conditions, land management, current land use and utilization
level. Natural conditions, which are key factors in evaluating the production suitability, are
composed of factors that should be relatively stable in time series, such as slope, altitude,
slope aspect, irrigation conditions and soil [61]. In this study, we use the distance from
rivers as the basis to judge the irrigation conditions, because the farmland in mountain-
ous areas is highly dependent on rivers. Land management is crucial to ensuring the
sustainable development of production land. The two factors of management, the basic
farmland protection line and natural disasters, can reflect the sustainable development
ability depending on whether it is in a protected or affected area. The current land use was
classified according to the function intensity of production. The stronger the production
function was, the better the production suitability was. The utilization degree includes two
factors of grain yield per unit of cultivated land area and per capita cultivated land area,
reflecting the suitability by production efficiency (Table 3).

Table 3. Evaluation factors and weights of production suitability.

Principal Weight Index Weight
Grading and Assignment

1 3 5 7 9

Natural
conditions 0.3369

Slope 0.3028 >35 25–35 15–25 8–15 <8
Altitude (m) 0.0809 <400 400–600 600–800 800–1000 >1000
Slope aspect 0.0865 - shady half shady half sunny sunny

Distance from rivers (m) 0.3045 >2000 1500–2000 1000–1500 500–1000 <500

Physical clay content of
soil (%) 0.2254 -

15
(sandy
loam)

- 26/28/29
(light loam)

31
(medium

loam)

Land
management 0.1416

Basic farmland
protection line 0.6667 - outside - inside -

Distance from natural
disasters (m) 0.3333 <1500 1500–2500 2500–3500 3500–5500 >5500

Current land
use 0.2382 - - P-d P-c - P-b P-a

Utilization
level 0.2833

Grain yield (tons/ha) 0.5396 0.007–0.110 0.110–0.190 0.190–0.276 0.276–0.428 0.428–0.865
Cultivated land (mu/per) 0.1634 0.008–0.110 0.110–0.190 0.190–0.276 0.276–0.428 0.428–0.865

Per-capita net income
(Yuan/Per) 0.2970 <6850 6850–9120 9120–10,850 10,850–

12,230 >12,230

The evaluation of ecological suitability reflects the intensity of ecological sensitivity.
The indicators come from natural conditions, land management and current land use.
Natural conditions are prerequisites for ecological lands. As the research area is in the
Qin-Ba mountainous area with complex terrain, the slope can reflect the intensity of soil
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erosion, the altitude can reflect the heat and water conditions, Normalized Difference
Vegetation Index (NDVI) is the best indicator of vegetation growth status and vegetation
coverage, and the river can influence biodiversity. Therefore, slope, altitude, NDVI and the
distance from rivers were selected as the main factors. The land management includes the
two factors of the ecological land protection line and natural disasters. If the land is within
the scope of ecological protection line or the impact of natural disasters, its ecological
sensitivity will be relatively high. The current land use was classified according to the
intensity of the ecological function. The more intense the ecological function was, the
higher the importance level was (Table 4).

Table 4. Evaluation factors and weights of ecological suitability.

Principal Weight Index Weight
Grading and Assignment

1 3 5 7 9

Natural
environment 0.400

Slope 0.1921 <8 8–15 15–25 25–35 >35
Altitude/m 0.0626 <400 400–600 600–800 800–1000 >1000

NDVI 0.4304 0.226–0.412 0.163–0.226 0.116–0.163 0.065–0.116 −0.087–0.065
Distance from rivers/m 0.3147 >2000 1500–2000 1000–1500 500–1000 <500

Land
management 0.200

Ecological land Protection line 0.6667 - outside - inside -
Distance from natural

disasters/m 0.3333 >5500 3500–5500 2500–3500 1500–2500 <1500

Current land use 0.400 - - E-d E-c E-b - E-a

(2) Weight determination

In this study, the analytic hierarchy process was used to determine the weight of each
evaluation factor, and a hierarchical model of the target, criterion and index levels was
established for the selected factors. Through consultation with 10 experts in relevant fields
who are familiar with local conditions, the relative importance of the pairs of indicators
was evaluated by the importance of levels 1–9, and a comparison matrix was constructed.
The weight of each evaluation factor was calculated using the Yaahp V0.6.0.

(3) Factor assignments

The factor assignments were determined using different methods according to the
attributes. For the qualitative description factors, such as the protection line of ecological
land, the corresponding scores were assigned according to the characteristics. For the
quantitative factors, such as slope and altitude, the grades were divided according to the
data distribution, and then the corresponding scores were assigned based on the intensity
of influence. For the quantitative factors with large data distribution intervals, such as
population density, the natural breakpoint method was used to divide them into five
categories in GIS. Finally, all factors were reclassified from high to low in five levels and
obtained a score of 9, 7, 5, 3 or1 through the spatial analysis tools in ArcGIS.

(4) Calculation of total score of evaluation unit

The total score of each evaluation unit was calculated using the following exponential
weighted model (Equation (1)):

S = Σm
i=1Σn

k=1(Wk ∗ εk) ∗ Ei, (1)

where S is the comprehensive evaluation score for all factors (the larger the value is, the
higher the suitability of the corresponding function is); Wk is the indicator value of factor k;
εk is the weight of factor k; and Ei is the weight of principal i.

The suitability scores of all factors were superposed by weight using the grid calculator
of the Map Algebra Tool in ArcGIS, and the living-production-ecology suitability scores
were calculated. Each grid contained the suitability scores of the three targets.

(5) Classification of suitability level

The distribution of suitability scores was analyzed statistically using the frequency
distribution histogram method. The scores of all evaluation units were counted by fre-
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quency, and the mutation points of the frequency curve were taken as the limit to determine
the suitability level division. According to the ecological suitability level, the area was
divided into extremely important (E1), important (E2) and general areas (E3); according
to production suitability, into highly suitable (P1), moderately suitable (P2) and barely
suitable areas (P3); and according to living suitability, into highly suitable (L1), moderately
suitable (L2) and barely suitable areas (L3).

2.4.3. Identification of Potential Land Use Conflicts

The conflict identification and intensity diagnosis of land use were carried out using
the empirical model that utilizes the permutation and combination law (Figure 3). First,
three types of suitability maps were overlaid through GIS such that each evaluation unit
has the attribute of “living-production-ecology”. Further, 27 combinations of suitability
intensity were obtained according to the conflict relationship of suitability levels. Second,
by comparing the suitability levels that represent the land use preferences among three
functions, the land use category with the highest level was selected as the dominant area,
including 15 combinations. A land use category with two or three of the same suitable
levels was selected as a potential conflict area, and the intensity was divided into three
levels (high conflict, moderate conflict and low conflict), including 12 combinations. Finally,
the conflict areas were named by the method of “Lx + Px + Ex”, where x is the land use
suitability level of living-production-ecology.
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3. Results and Analysis
3.1. Single-Factor Spatial Analysis

According to the index and classification system defined in Section 2.4.2 (1) and
(3), 18 factors from natural conditions, society and economy and current land use were
spatialized using spatial analyst tools in ArcGIS. The results are presented in Figure 4. The
settlements are scattered in the valley showing obvious characteristics of vertical gradients
and hydrophilic in mountainous areas. Slope, aspect, altitude, rivers and traffic routes play
an important role in the scale, shape and distribution of Hengkou’s urban-rural settlements.
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Figure 4. Collection of single-factor spatial analysis results. (a) Slope aspect; (b) Slope; (c) Altitude; (d) NDVI; (e) Soil
texture; (f) Distance of rivers; (g) Distance of natural disasters; (h) Ecological protection line; (i) Boundary of construction
land; (j) Boundary of basic farmland; (k) Grain yield per unit area; (l) Per capita cultivated land area; (m) Population density;
(n) Per capita net income; (o) Distance from main traffic routes; (p) Classification of ecological land; (q) Classification of
production land; (r) Classification of living land; (s) Distance from main service facilities; (t) Distance from the town.

3.2. Land Use Suitability Analysis

According to the evaluation system in Section 2.4.2 (2), (4) and (5), in the analysis of
living-production-ecological suitability, 3.5 and 6.5, 2.6 and 4.9, 2.4 and 6.0 were selected,
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respectively as the breakpoints by using the natural discontinuity classification method
(Figure 5).
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The living–production–ecological suitability in Hengkou District is divided into three
levels, respectively (Figure 6, Table 5).
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Table 5. Results of Living-Production-Ecological suitability evaluation in Hengkou District.

Suitability Classification
Living Suitability Production Suitability Ecological Suitability

L1 L2 L3 P1 P2 P3 E1 E2 E3

Score range 6.5–9.0 3.5–6.5 0.6–3.5 0.7–2.6 2.6–4.9 4.9–8.9 6.0–9.0 2.4–6.0 0.3–2.4
Area (km2) 19.78 156.86 195.72 113.92 122.65 135.79 215.01 135.01 22.34
Percent (%) 5.31 42.13 52.56 30.59 32.94 36.47 57.75 36.25 6.00

The living suitability gradually decreases from the middle to the north and south,
and the proportion of different suitable areas varies greatly. The middle valley plain
area has the highest living suitability and the narrowest space, with the smallest area
of 19.78 km2, which only accounts for 5.31% of the total area. This region, with flat
land and clusters of settlements, is not only an important immigration resettlement area,
but also accommodates lots of industrial enclaves from the surrounding counties with
weak construction conditions. It is experiencing significant economic growth and urban



Remote Sens. 2021, 13, 2416 11 of 17

expansion. The moderately suitable living area is in the hilly region at the transitional zone
from the middle valley to the mountains on both sides, covering an area of 156.86 km2,
accounting for 42.13% of the total area. Owing to the broken terrain, the settlements are
mostly scattered along rivers and roads, showing a characteristic of a linear layout. With
a downgrade of the road and river levels, the density and number of settlements also
reduced. The barely suitable living areas are abundant in the high mountains at both ends
of the north and south, accounting for 52.56% of the total area (195.71 km2). This area is
characterized by undulating mountains, deep valleys and punctiform settlements.

The pattern of production suitability is similar to living suitability. However, the
proportion is relatively balanced. The highly suitable area is in the middle valley area
and covers 113.92 km2 (30.59% of the total). It is the main agricultural production zone
in the whole region, benefited by the convenient irrigation conditions (Yue and Heng
rivers flow through) and topographical conditions (below 400 m). There are one to two
terraces distributed intermittently along the river, mainly for grain crops (rice) and oil crops
(rapeseed). In addition, there are three to four terraces in some wide valley areas, which
are dry farming areas. The moderate production area is in the southern and northern hilly
areas and covers 122.65 km2 (32.94% of the total), concentrating on gentle slopes along
the river. Owing to the poor soil condition, tea plants, mushrooms and other economic
crops are planted. The barely suitable production area is in the southern and northern high
mountains, covering an area of 135.79 km2 (36.47%). The altitude of this area is higher than
600 m and the slope is more than 25◦, leading to many landslides and poor water-heat
conditions. Therefore, it is only suitable for a few medicinal crops.

The ecological suitability gradually increases from the middle to the north and south
ends, which is the opposite of the living and production land. The proportions of various
suitability areas vary greatly. E1, the area with the highest ecological sensitivity, is mainly
distributed in the vast northern and southern mountainous areas, covering an area of
215.01 km2 (57.75% of the total area). It is a significant water conservation area and timber
forest, where it is densely covered with pine, oak, fir and birch trees. E2, the area with
moderate ecological sensitivity, is mainly distributed in the hilly areas, covering an area of
134.99 km2 (36.25% of the total area). There are many economically valuable trees planted
artificially in this region, such as walnut trees. E3, the area with low ecological sensitivity
is concentrated in the central valley area, covering an area of 22.34 km2 (6.0% of the total
area). It is the most densely populated and industrial area in the entire district.

3.3. Diagnosis of Potential Land Use Conflict

In this study, we overlaid suitability maps of living-production-ecology in ArcGIS
to ensure that each evaluation unit has the attribute of three functions. Then, the types,
intensity and spatial distribution of potential land use conflicts were obtained through the
empirical model in Section 2.4.3.

The result shows that 77.97% of the total area is the dominant area where there is
no evident conflict in Hengkou District (Figure 7, Table 6). Of this area, the ecologically
dominant area accounts for the largest proportion with 55.32%, including L2P2E1, L3P2E1,
L2P3E1, L3P3E1 and L3P3E2, which are widely distributed in mountainous and hilly
areas. The production dominant area is concentrated in the central valley plain. The living
dominant area is the smallest and is concentrated on both sides of the Yue and Heng Rivers,
with extremely limited expansion space.

Table 6. Intensity, type and area of potential conflict areas in Hengkou District.

Intensity High Moderate Low

Type L2P1E1
L3P1E1

L1P1E2
L1P1E3

L1P2E1
L1P3E1 L1P1E1 L2P2E2 L3P2E2 L2P2E3 L2P3E2 L3P3E3

Area (km2) 33.56 8.91 1.99 0.92 18.21 9.45 6.17 2.23 0.59
Sum (km2) 45.38 36.06 0.59
Percent (%) 55.32 43.95 0.73
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Except for the dominant area, the remaining 22.03% of the land is at risk of potential
land use conflict. Of this area, high potential conflict areas account for 55.32% of the total
conflict area, covering 45.38 km2, which will most probably change into actual conflict in
the future. In this area, the ecological-production land conflict (L2P1E1, L3P1E1) is the
most widely distributed one, located at the fringe of the central urban and ecologically
dominant area. Owing to the narrow production space in mountainous areas, the demand
for increasing agriculture land will drive farmers to occupy ecological land. The conflict
between living and production land (L1P1E2, L1P1E3) is also obvious and mainly dis-
tributed on both sides of the Yue and Heng rivers, along the important traffic arteries in the
central part of Heng District. The excellent natural conditions of water, heat, biology and
social-economic base in this area reflect the high suitability of production and living land,
which has a strong gathering effect on production and living activities. However, with the
acceleration of economic and social development, the demand for living land will grow
rapidly, and this area will become crucial for urban expansion and utilization. The agricul-
tural production land will gradually lose its economic advantage in the competition and
easily transform into living land. The moderate conflict area accounts for 43.95%, which
means severe conflict in a short period is not likely in this zone but risks still existing. First,
the area with three types of moderate conflicts (L2P2E2) accounts for the largest proportion,
covering 18.21 km2, and is mainly distributed in the middle and northern hilly areas. The
region is in the transition zone from plains to mountains, which is not only highly suitable
for living and production, but also has certain ecological sensitivity. Thus, it has formed
a unique pattern of mixed living–production–ecological land, which indicates the high
adaptability of the landform and shows the unique characteristics of mountainous villages.
Therefore, in recent years, taking advantage of the geographical environment, countryside
tourism has been developed and there is a sharp increase in the construction of housing,
infrastructure and public service facilities. Living land is constantly expanding into the
surrounding production and ecological land, and the resultant pollution also affects the
quality of the ecological environment, leading to conflicts among living, production and
ecological lands. Second, the moderate conflict area between the production and ecological
land (L3P2E2) accounts for 18.21% and is mainly distributed in the gentle slope area of
small streams in the northern and southern mountains. The moderate conflict area between
the living and production lands (L3P2E2) concentrates on both sides of the rivers and roads
in the middle valley area.

The low conflict area with three types of barely suitable (L3P3E3) is minor and accounts
for only 0.73% of the conflict area, which is scattered in the high mountainous areas
(Figure 8).
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4. Discussion

The study of LUCs is a common concern in academia. The scientific evaluation of
regional LUCs is an important basis for predicting the direction of land use development
and laying out land use planning. The Qin-Ba mountainous area is not only ecologically
fragile, but also economically underdeveloped. To understand the current situation and
effectively guide sustainable development, this study established an evaluation model of
potential land use conflicts from the perspective of living-production-ecological functions
and carried out practical research in Hengkou District.

The evaluation results show that the land use fragmentation degree in Hengkou
District was relatively high in 2017. The overlapping characteristics of living, production
and ecological functions were significant, where approximately 22.03% of the land has a
potential conflict risk. The evaluation model divides the conflict intensity into three levels
and twelve types. The high conflict area accounts for more than half of the total conflict
area, among them the conflicts between the production and ecological functions (L2P1E1,
L3P1E1), and living and production functions (L1P1E2, L1P1E3) are the majority and are
mainly located in the periphery of the ecologically dominant area and the boundary zone
of the central urban, which will most probably turn into actual conflicts in the future. The
significant cause of LUCs is the contradiction between stakeholders with different demands
for land use [62]. The land use system has the characteristics of complexity, vulnerability
and dynamicity [63]. The impact of land use disorder on the ecologically vulnerable
areas is particularly obvious [64,65], which will not only limit the social and economic
development, but also seriously threaten the ecological environment. Therefore, it is
necessary to adopt measures such as ecological migration, ecological subsidies, industrial
support and developing the characteristic agriculture to meet the land use needs from
different stakeholders.

The occurrence of conflict is a process of “struggling for land resources”. In terms
of the conflict between production and ecological land, the lack of high-quality farmland
in mountainous areas is the primary reason. In addition, since the implementation of the
Policy of Returning Cultivated Land to Forest in the Qin-Ba mountainous area in 1999, a
lot of cultivated land with poor farming conditions has been changed into forest, resulting
in the reduction in the grain area and yield. To maintain their livelihood, some farmers
are still increasing the area of cultivated land by encroaching on ecological land nowadays.
In order to balance environment protection and farmers’ interests, grain planting with
low return rate should be replaced with ecological economic crops with high added value,
such as flue-cured tobacco, Chinese herbal medicine, tea plants, mushrooms, etc. Further,
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the government should increase the investment in ecological land and specify relevant
policies to alleviate the conflict between agricultural and ecological land. In terms of
the conflict between production and living land, owing to the limitation of mountainous
terrain, there are multiple overlaps in suitability. On the one hand, affected by the policy of
Ecological Migration, the central urban area received lots of villagers from middle and high
mountains, making the population and land use scale expand rapidly. In contrast, several
economic development zones have been constructed in the central flat agricultural area,
converting production land into urban construction land, which makes the high-quality
cultivated land more and more scarce. From the results of conflict identification, high and
moderate conflicts between living and production land are widespread, showing that the
conflict between urban construction and agricultural land needs to be prevented as soon
as possible. The land use in urban areas should be more effective, and the protection of
high-quality farmland should be given priority.

The research is carried out under the background of China’s spatial planning. Research
from the perspective of living-production-ecology is consistent with planning practice, and
it is also an improvement on the method of land use suitability evaluation. The current
land use is subdivided according to the functional intensity and taken as an indicator
in this paper to ensure that the result will be more accurate and closer to the reality.
Therefore, the conflict result will be the revision reference of the current land use with a
stronger functional orientation. Owing to the differences of natural land resources and
socio-economic development among different regions, the performance of land use conflict
is different. Throughout the existing research on land use conflict, there are few LUCs
studies in the Qin-Ba mountainous area. Therefore, this study could make up for the void
in the research on the manifestation, type, intensity and distribution characteristics of land
use conflict in this region.

The study has the following limitations: (1) The availability of evaluation factors is
limited. As an important basis of land use suitability evaluation, the integrity, accuracy
and precision of basic data directly affect the accuracy of the results. Nevertheless, for
most regions in China, basic data are difficult to obtain, especially confidential data such
as soil pollution data. The data accuracy collected from different departments is uneven,
leading to difficulties in processing. Therefore, the 18 indicators adopted in this study are
limited, and the results are relatively accurate. In the future, big data should be used to
integrate more resources and obtain more accurate evaluation results. (2) The application
of suitability evaluation and land use conflict identification results. How can the living-
production-ecological space be reasonably delimited? What are the suitable paths for
industrial, population and spatial development in the Qin-Ba mountainous area? The
LUCs results should be promoted to provide a basis for urban expansion, ecological land
protection and production land allocation. Only by carrying out further empirical research
on the above issues can the research be more convincing.

5. Conclusions

Under the current situation of contradiction between human and land resources, it is
of great practical significance to analyze and diagnose potential conflict areas by using land
use suitability to avoid land use risks, predict future land use alternatives and maximize
the economic, social and environmental benefits of limited land resources. From the
perspective of “living-production-ecology” functions, we constructed a reclassification
system of land use and structured a multi-objective suitability evaluation model. Based on
the permutation and combination law, an empirical model of conflict type identification
and intensity diagnosis was established. Further, the model was carried out in Hengkou
District. The results show that the land use fragmentation degree in Hengkou District
was relatively high in 2017. A total of 22.03% of the total area belongs to potential land
use conflict areas. The high conflict area accounts for more than half of the total conflict
area, and the conflict between the production and ecological functions, and the living
and production functions are the most widely distributed. They are mainly located in the
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fringe of the ecologically dominant area and urban area, which will most probably turn
into actual conflicts in the future. It is necessary for the government to focus on potential
conflict areas and carry out timely interest coordination and land management measures.
This research could be used as an effective reference for land use planning and regional
sustainable development.
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