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Abstract

Qingyang City is located in the Longdong Loess Plateau region with abundant
natural resources, serving as one of China’ s important energy supply areas. It
plays a pivotal role in promoting the Western Development Strategy, large-scale
protection, high-quality development, and ecological environmental protection,
making the exploration and analysis of landscape ecological risk patterns and
coupling coordination of production-living-ecological space profoundly signifi-
cant. This study takes Qingyang in the Longdong Loess Plateau region as the
research object, employing methods such as land use transfer matrix, landscape
ecological risk assessment model, and coupling coordination degree model to
explore and analyze land use structural changes from 2000 to 2020, evaluate
landscape ecological risk patterns based on production-living-ecological space,
and assess the coupling coordination of production-living-ecological space. The
results indicate: (1) From 2000 to 2020, the areas of ecological and living spaces
in Qingyang City demonstrated a steady and continuous year-by-year upward
trend, while the area of production space showed a year-by-year downward trend.
(2) The overall landscape ecological condition of Qingyang City is in a low-risk
state, with risk levels exhibiting an “east-low, west-high” distribution pattern.
(3) The coupling coordination degree of production-living-ecological space shows
an overall positive development trend with spatial concentration, displaying a
“south-high, north-low” distribution characteristic. The area of coupling coordi-
nation regions demonstrates continuous year-by-year expansion, while the area
of uncoordinated regions shows year-by-year reduction. (4) Analysis of the cou-
pling coordination of production-living-ecological space using natural and socio-
economic factors reveals that socio-economic factors exert a greater influence.
Therefore, integrating driving factors with the demands and characteristics of
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production-living-ecological space, optimizing the layout of production-living-
ecological space to promote coordinated development of landscape ecological
risk patterns, enhancing regional landscape ecological security, and advancing
sustainable ecological-economic development in Qingyang City.
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Abstract: Qingyang City is located in the loess plateau region of eastern Gansu
Province, endowed with abundant natural resources and serving as one of the
country’ s important energy supply zones. It plays a pivotal role in promoting
large-scale development, ecological protection, high-quality growth, and envi-
ronmental conservation in western China, making the exploration and analysis
of landscape ecological risk patterns and coupling coordination of production-
living-ecological space profoundly significant. This study takes Qingyang in the
loess plateau region of eastern Gansu as the research area, employing methods
such as land use transfer matrix analysis, landscape ecological risk assessment
models, and coupling coordination degree models to investigate land use struc-
ture changes from 2000 to 2020. This work also evaluates landscape ecological
risk patterns based on production-living-ecological space and assesses the cou-
pling coordination among the three spaces. Results show: (1) From 2000 to
2020, the ecological and living spaces in Qingyang City showed a steady and
continuous upward trend, while the production space area exhibited a yearly
decline. (2) The overall landscape ecological condition of Qingyang City is in a
low-risk state, with risk levels displaying an “east low, west high” distribution
pattern. (3) The coupling coordination degree of production-living-ecological
space shows an overall improving trend and concentration, presenting a “south
high, north low” distribution characteristic, with coordinated areas expanding
continuously year by year while uncoordinated areas are shrinking. (4) Analysis
of coupling coordination using natural and socioeconomic factors reveals that
socioeconomic factors have a greater impact. Therefore, integrating driving fac-
tors with the needs and characteristics of production-living-ecological space to
optimize spatial layout can promote coordinated development of landscape eco-
logical risk patterns, enhance regional landscape ecological security, and advance
sustainable ecological-economic development in Qingyang City.

Keywords: production-living-ecological space; landscape ecological risk; cou-
pling coordination; driving factor; Qingyang City
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Introduction

The concept of “production-living-ecological space” refers to the system and
place where production, living, and ecological functions interact, serving as the
carrier for human survival and development and reflecting humanity’ s capac-
ity to transform nature and its own development level. Production space is
dominated by production functions, primarily providing economic output and
obtaining products and services. Living space accommodates various daily life
activities such as residence, consumption, leisure, and entertainment. Ecological
space is national territory with ecological services or products as its main func-
tion, encompassing diverse natural ecosystems (e.g., forests, grasslands, rivers,
lakes) that provide necessary environmental conditions for organisms to main-
tain their survival and reproduction. These three spaces are interrelated yet
independent in territorial spatial planning, collectively forming the main frame-
work of national space utilization.

In the early 21st century, international organizations formally proposed the con-
cept of “agricultural multifunctionality,” which was subsequently applied to the
study of land use multifunctionality and continuously expanded to ecological
environment and socio-economic dimensions. De Groot [3] research indicated
that ecological, socio-cultural, and economic values could be used to assess land
multifunctionality, and that the relationship between land use and land function
should be considered in comprehensive land use change assessments. The SEN-
SOR project first proposed summarizing land use multifunctionality into three
major functions: social, economic, and environmental [4]. As global urbaniza-
tion develops, various complex urban problems have re-emerged. The urban
growth boundary proposed to limit urban sprawl has become a relatively novel
research topic [6]. Domestic scholars have constructed evaluation indicator sys-
tems for “production-living-ecological” functions from different perspectives and
scales, employing coupling coordination degree models to explore the evolution
characteristics, driving mechanisms, and relationships with regional sustainable
development of production-living-ecological space.

Landscape ecological risk primarily evaluates the negative impacts of human ac-
tivities on regional landscape patterns and ecosystems [10], focusing on propos-
ing risk management pathways for ecological environment deterioration [11].
Research has assessed landscape ecological risk and optimized landscape pat-
terns at regional scales, examined their spatiotemporal evolution, improved as-
sessment methods using ecosystem services, and employed human-nature sys-
tem approaches to explain theoretical foundations, serving scientific ecological
management strategy formulation. In recent years, domestic scholars have ex-
tensively studied landscape ecological risk from the perspective of production-
living-ecological space. Zhang et al. [19], Zou et al. [20], and Wang et al. [21]
constructed landscape ecological risk assessment models based on landscape ecol-
ogy theory and systematically analyzed spatiotemporal changes and coupling
coordination characteristics of regional landscape ecological risk using coupling
coordination models.
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Against this background, analyzing the evolution characteristics of production-
living-ecological functions and exploring regional coordinated development of
these spaces has become a key issue for regional sustainable development. Op-
timizing the layout of production-living-ecological space structure and studying
landscape ecological risk and coupling coordination characteristics are crucial
for enhancing landscape ecological security. Qingyang City, located in western
China, plays an important role in promoting large-scale development and protec-
tion in the western region. This study takes Qingyang City as the research area
to analyze the distribution characteristics of production-living-ecological space,
assess ecological risk, and analyze the coupling coordination degree among the
three spaces, revealing the closeness and coordinated development level of their
interrelationships, with the aim of providing a basis for ecological civilization
construction, environmental protection, and regional sustainable development

in Qingyang City.

1.1 Study Area Overview

Qingyang City is located in the easternmost part of Gansu Province, in the
gully region of the Loess Plateau, at the intersection of Shaanxi, Gansu, and
Ningxia provinces. The elevation ranges from 885 to 2082 m, with geographical
coordinates of 35°15 ~37°10 N, 106°20 ~108°45 E. It borders Yan’ an City of
Shaanxi Province to the east, Pingliang City of Gansu Province to the west,
Xianyang City of Shaanxi Province and Dingxi City of Gansu Province to the
south, and Guyuan City and Wuzhong City of Ningxia to the north. Qingyang
City governs seven counties and one district: Xifeng District, Qingcheng County,
Huan County, Huachi County, Heshui County, Zhengning County, Ning County,
and Zhenyuan County, with a total area of approximately 2.7$x107{4}$ km?.
The region has a warm temperate continental monsoon climate, cold and dry in
winter, hot and rainy in summer, with uneven seasonal precipitation distribution
—scarce in winter and spring, concentrated in summer.

1.2 Data Sources

Land use secondary classification data from 2000-2020 were obtained from
the Resource and Environmental Science and Data Center of the Chinese
Academy of Sciences (https://www.resdc.cn) with a resolution of 30 m. Veg-
etation data were sourced from the National Ecological Science Data Center
(http://www.nesdc.org.cn) with a spatial resolution of 1 km. Socioeconomic
data such as GDP were derived from statistical yearbooks and other published
data.

1.3 Methods

1.3.1 Production-Living-Ecological Space Classification Referring to
existing research [18], based on land use data, 6 land use types were reclassified
into 8 categories of production-living-ecological space: agricultural production
space, industrial and mining production space, urban living space, rural living
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space, forest ecological space, grassland ecological space, water ecological space,
and other ecological space. According to the dominant functions of land use,
the classification system is shown in Table 1 .

1.3.2 Landscape Ecological Risk Index The Landscape Ecological Risk
Index (ERI) quantifies the degree of ecological risk that landscapes experience
under human or natural influences. It is a comprehensive indicator of multiple
landscape ecological indices that can quantitatively describe landscape pattern
distribution and composition, thereby effectively revealing the internal relation-
ship between regional landscape structure and ecological risk [19]. Therefore,
combining the actual situation of the study area, the ERI was calculated using
Fragstats software with the area-wide method. The landscape ecological risk as-
sessment model was constructed using landscape loss degree, separation degree,
dominance degree, disturbance degree, vulnerability index, and landscape loss
degree index.

The calculation formula is:

ERI, = i’“‘ x R,
; k

?

where E'RI; is the ecological risk index of the ith risk unit; the smaller the
value, the lower the landscape ecological risk degree, and the larger the value,
the higher the risk degree; A, is the area of the ith landscape type in the kth
risk unit; A, is the area of the kth risk unit; and R, is the landscape loss degree
index of the ith landscape type.

The landscape loss degree index describes the ecological loss degree of natural
attributes of various landscape types when disturbed by external interference.
Its calculation typically involves landscape disturbance degree and landscape
vulnerability degree.

The landscape disturbance degree index (F;) indicates the impact degree of
natural or human activities on the landscape ecological environment, reflecting
the transformation from simple, regular-shaped, and closely connected land-
scapes to fragmented, irregular, discontinuous, and increasingly heterogeneous
landscapes under external factors. It can be calculated through landscape frag-
mentation (NN,), separation degree (D,), and dominance degree (C;). Greater
fragmentation and separation degree lead to higher disturbance degree index
and higher landscape ecological risk degree. a, b, and ¢ are the weights of frag-
mentation, separation degree, and dominance degree, respectively, assigned as
a=0.5,b=0.3, c =0.2 according to references [19,22].

E, = aC; + bN, + ¢D,
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Landscape fragmentation index:
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where n,; is the number of patches of landscape type ¢, and A; is the total grid
number (patch frequency) of landscape type i.

Landscape separation degree index:

Q.
D = __%i
Y M;x L

where @Q); is the total number of grids (patch frequency) of landscape type i; M,
is the number of patches i (patch density); and L, is the area of patch ¢ / total
landscape area (patch proportion).

Landscape dominance degree index:

4+ M.+ L.
Cl:Q’L—’—?)’L—"_ 1

Landscape vulnerability degree index characterizes landscape vulnerability to
external factors. The weaker the resistance to external interference, the higher
the vulnerability and landscape risk degree. Different landscape types play dif-
ferent roles in ecosystems with varying vulnerabilities. The assignment method
considers both natural attributes and the combined effects of human and nat-
ural factors. Referring to existing research [19,22,24], vulnerability values were
assigned to 8 secondary land classes: urban living space (8), forest ecological
space (7), water ecological space (6), grassland ecological space (5), industrial
and mining production space (4), rural living space (3), agricultural produc-
tion space (2), and other ecological space (1), then normalized to obtain more
scientific and reasonable landscape vulnerability indices.

Referring to existing research [19], the study area was divided into grids based
on patch sizes of different land use types. A 600 m x 600 m grid was determined
as the evaluation unit, creating 7,500 grid units using ArcGIS fishnet division.
Land use data from each period were imported into Fragstats software to calcu-
late the landscape ecological risk index for each grid unit. Finally, the landscape
ecological risk index was assigned to the center point of each evaluation unit
through ‘Kriging interpolation’ to obtain the landscape ecological risk pattern
distribution.

1.3.3 Coupling Coordination Degree Model Coupling degree refers to
the degree of interaction between two or more systems; coordination degree is
a quantitative indicator measuring the coordination state or level of various
elements within a system [25]. This means the coupling coordination degree not
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only considers the interaction degree among system elements but also reflects
their coordinated development level.

The calculation formulas are:

N|=

C—lx P, x R, x E;
2 (P + R; + Ey)?

T =aP,+ (R, +vE,

D=vCxT

where C' is the coupling degree of production-living-ecological space; the larger
the C value, the stronger the coupling, and vice versa; P, R,;, and E; represent
production, living, and ecological landscape ecological risk indices, respectively;
T represents the coordination index of production, living, and ecological land-
scapes; «, 3, and v are F& coefficients for production, living, and ecological
functions, respectively; based on existing research results, the coefficients are
assigned as a = § =y = 1/3; D is the coupling coordination degree of produc-
tion, living, and ecological landscapes; higher D values indicate better coupling
coordination, while lower values indicate poorer coordination.

According to existing literature [26], combined with study area characteris-
tics, the coupling coordination degree is divided into: severe disconnection
(D < 0.010), moderate disconnection (0.010 < D < 0.034), basic coordina-
tion (0.034 < D < 0.060), moderate coordination (0.060 < D < 0.089), and
high coordination (D > 0.089) for corresponding area calculations.

1.3.4 Geographical Detector Geographical detector is a statistical method
for exploring spatial differentiation and revealing its underlying driving forces.
By calculating and comparing the g-values of individual factors, the g-value
measures the explanatory power of driving factors on spatial differentiation, with
stronger explanatory power as the g-value increases [27]. This study selected
eight factors including elevation, slope, annual average temperature, annual
average precipitation, NDVI, total population at year-end, population density,
and urbanization rate to analyze driving force impacts.

Results

2.1 Spatiotemporal Evolution Characteristics of Production-Living-
Ecological Space

2.1.1 Temporal Variation Characteristics Among the production-living-
ecological space types in Qingyang City from 2000 to 2020 (Fig. 2 [Figure
2: see original paper]), ecological space accounts for the largest proportion,
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exceeding 70% annually. Qingyang City is dominated by agricultural production
space, forest ecological space, and grassland ecological space (Fig. 3 [Figure
3: see original paper]), with their combined area accounting for over 85% of
the total area. Grassland ecological space has the largest area, representing the
main land use type, further confirming that ecological space occupies the largest
proportion. Other ecological space has the smallest area, primarily consisting
of sandy land, saline-alkali land, bare land, bare rock gravel land, and other
unused land, indicating relatively sufficient land use in Qingyang City.

During this period, agricultural production space and water ecological space ar-
eas showed gradual decline, with total reductions of 891.82 km? and 2.40 km?,
respectively. These reduced areas mainly transformed into grassland and forest
ecological spaces. Meanwhile, industrial and mining production space, urban
and rural living spaces, forest and grassland ecological spaces, and other eco-
logical space types all showed upward trends, with growth primarily converted
from agricultural production space, largely benefiting from the “Grain for Green”
policy.

2.1.2 Spatial Distribution Characteristics Agricultural production space
is mainly distributed in the central region of Qingyang City (Fig. 4 [Figure 4:
see original paper]), where conditions are suitable for agricultural production.
As one of the country’ s important energy supply zones, Qingyang has abun-
dant reserves of petroleum, coal, and natural gas, concentrated in Ning County,
Xifeng District, Huan County, and Heshui County. Vegetation cover is relatively
sparse, mainly distributed in Huachi County, Heshui County, Ning County, and
Zhengning County. Grassland ecological space is widely distributed in north-
western Huan County and surrounding Xifeng District, with some distribution
in other counties. Water ecological space mainly consists of tributaries of the
Wei River basin, including the Malian River (flowing through Huan County,
Qingcheng County, Heshui County, Ning County), Pu River (flowing through
Zhenyuan County, Xifeng District, Ning County), Hulu River (flowing through
Huachi County, Heshui County), and Siling River (flowing through Zhengning
County).

2.2 Landscape Ecological Risk Evolution Under Production-Living-
Ecological Space

Based on actual conditions, the ecological risk index is divided into five levels:
low-risk area (ERI < 0.110), lower-risk area [0.110~0.121], medium-risk area
[0.121~0.133], higher-risk area [0.133~0.191], and high-risk area [0.191<]. Krig-
ing interpolation cross-validation accuracy evaluation (Table 2 ) shows that the
mean error and standardized mean are close to 0, the average standard error is
close to the root-mean-square, and the standardized root-mean-square is close
to 1, confirming interpolation reliability.

From 2000 to 2020, Qingyang City’ s landscape ecological risk status is dom-
inated by lower-risk and medium-risk areas, together accounting for over 75%
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of the total area, while higher-risk and high-risk areas occupy relatively small
proportions, with their combined share not exceeding 8%. This benefits from
environmental protection and ecological civilization construction policies imple-
mented since 2000, with comprehensive development of the “Grain for Green”
and “Ecological Civilization Construction”strategies steadily improving regional
landscape pattern security. Over the past 20 years, medium-risk areas have the
largest proportion, exceeding 35%; high-risk areas have the smallest proportion,
below 3%. Among area changes of different levels, medium-risk and high-risk ar-
eas show small variation amplitudes and relative stability, with overall upward
trends. Lower-risk, medium-risk, and higher-risk areas show larger variation am-
plitudes, with higher-risk areas decreasing by over 810.36 km?. Overall, lower-
risk areas show a gradual increasing trend, while medium-risk and higher-risk
areas show yearly decreasing trends.

Qingyang City’s landscape ecological risk pattern shows an “east low, west high”
distribution (Fig. 6 [Figure 6: see original paper]). Low ecological risk areas are
mainly concentrated in eastern Huachi County, Heshui County, Ning County,
and Zhengning County, where land use is dominated by forest ecological space,
followed by grassland ecological space, with good ecological environment and
self-stability and minimal landscape fragmentation and separation. Lower-risk
and medium-risk areas are widely distributed in northern Huan County, Huachi
County, and Qingcheng County, dominated by grassland ecological space and
agricultural production space. Higher-risk and high-risk areas are mainly dis-
tributed in urban living space, rural living space, industrial and mining pro-
duction space, and intensively cultivated areas in Xifeng District and surround-
ing counties, primarily because Xifeng District is the administrative center of
Qingyang City with high urbanization levels, frequent human activities and in-
dustrial construction, resulting in high land fragmentation and high landscape
ecological risk after human interference.

2.3 Coupling Coordination Degree of Production-Living-Ecological
Space

2.3.1 Temporal Variation Characteristics From 2000 to 2020, the cou-
pling coordination of production-living-ecological space in Qingyang City was
dominated by severe disconnection (Fig. 7 [Figure 7: see original paper]), ac-
counting for over 50% of the regional area. High coordination areas were the
smallest, accounting for less than 5% of the regional area. From the trend
perspective, high coordination and moderate coordination areas both showed
steady and continuous upward trends annually, with high coordination areas
increasing from 201.96 km? to 814.32 km?, an increase of 612.36 km?. Severe
disconnection areas showed a continuous yearly decreasing trend, with a total
reduction of 873.12 km?. Moderate disconnection and basic coordination areas
showed a “first decrease then increase” pattern, with an overall upward trend,
increasing by 217.08 km? and 593.28 km?, respectively.

chinarxiv.org/items/chinaxiv-202504.00143 Machine Translation


https://chinarxiv.org/items/chinaxiv-202504.00143

ChinaRxiv [$X]

2.3.2 Spatial Distribution Characteristics From 2000 to 2020, the spa-
tial distribution of coupling coordination of production-living-ecological space
in Qingyang City was relatively concentrated, generally showing a “south high,
north low” distribution characteristic with obvious regional differences (Fig. 8
[Figure 8: see original paper]). High coordination and moderate coordination
areas of Qingyang’ s “production-living-ecological” space are concentrated in
Zhenyuan County, Xifeng District, Ning County, and Zhengning County, where
urban and rural layouts are relatively concentrated, land use types are diverse,
and land use efficiency is high, resulting in higher coupling coordination. Moder-
ate disconnection and basic coordination areas are scattered, roughly distributed
around frequently used rural living land and interactive zones of agricultural
production land. Severe disconnection areas are widely distributed in northern
Qingyang City, where water resources are scarce due to natural geographical en-
vironment, land use types are relatively simple, and the ecological environment
is fragile.

2.4 Driving Forces of Production-Living-Ecological Space Coupling
Coordination

From natural environment and socioeconomic factors, eight factors were se-
lected: elevation, slope, annual average temperature, annual average precipi-
tation, NDVI, total population at year-end, population density, and urbaniza-
tion rate. Geographical detector was used for interaction detection and single
factor detection analysis of driving forces for production-living-ecological space
coupling coordination.

2.4.1 Factor Detection From the perspective of single influencing factors
(Fig. 9 [Figure 9: see original paper]), the average explanatory power g-value
of influencing factors on production-living-ecological space coupling coordina-
tion degree is sorted as: annual precipitation > GDP > NDVI > urbanization
rate > total population at year-end. This shows that the single factor with the
strongest explanatory power for coupling coordination in this region is annual
precipitation, with an average g-value of 0.35. Natural influencing factors have
profound impacts on water resource management, ecosystem health, urban plan-
ning, and land use, showing a positive correlation with coupling coordination
within a certain appropriate range. Urbanization rate, NDVI, and total popula-
tion at year-end have relatively high explanatory power, with average g-values
exceeding 0.15, indicating significant impacts on coupling coordination. As im-
portant components of socioeconomic factors and indirect indicators of land use
efficiency, higher values indicate better land use efficiency and better coupling
among various land patches. Temperature, elevation, and population density
have smaller explanatory g-values.

2.4.2 Interaction Detection First, we analyze whether the explanatory
power of these factors is independent to quantitatively characterize the joint ef-
fects between factors pairwise. Specific changes are driven by particular factors,
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and various influencing factors interact to jointly promote changes. Interaction
detection results can be categorized as double-factor enhancement, nonlinear
enhancement, single-factor nonlinear weakening, and nonlinear weakening.

The interaction detection between influencing factors of production-living-
ecological space coupling coordination degree in Qingyang City shows (Fig.
10 [Figure 10: see original paper]) that all interaction detection g-values
exhibit double-factor enhancement, indicating that all interactive factors have
significantly stronger impacts on spatial heterogeneity of coupling coordination
than single factors. The interaction between annual precipitation, urbanization
rate, NDVI, population, and other factors has greater influence on spatial
heterogeneity of production-living-ecological space coupling coordination.

Discussion

“Production-living-ecological space” is a combination of three land use patterns
under territorial spatial planning: production, living, and ecological. It is a
complex place for human survival and production activities, reflecting the inter-
action and relationship between human activities and the natural environment.
Changes in production-living-ecological space structure affect the stability of
landscape ecological risk patterns [28], and the two interact and influence each
other. Only through coordinated development of production-living-ecological
space can landscape ecosystem stability and ecological environment security be
achieved [29].

This study analyzed land use data to examine regional land use structure trans-
fer characteristics. Overall, production space shows a declining trend, while
living and ecological spaces show upward trends, similar to Chen et al.” s [30] re-
search findings. The landscape ecological risk assessment model was constructed
using landscape loss degree, disturbance degree, and vulnerability index, with
weights assigned to reflect different index importance. The study area is dom-
inated by medium-risk areas, similar to Zhang et al. [19] and Zou et al. [20],
with landscape ecological security showing an expansion trend.

When analyzing coupling coordination of production-living-ecological space, the
“production-living-ecological”’landscape ecological risk index was introduced. Fu-
ture research could independently construct production-living-ecological func-
tion indices for more precise evaluation of landscape ecological risk patterns
and coupling coordination. This study found that coupling coordination is in-
versely proportional to landscape ecological risk degree, similar to Zou et al. [20].
River valley areas have dense population distribution, high land use patch frag-
mentation, efficient and intensive land use, frequent human activities, and high
coupling coordination, yet landscape ecology is more vulnerable to external in-
terference. Therefore, this study employed some socioeconomic and natural
environmental factors to analyze driving mechanisms. Future research could in-
corporate national policy impacts with more detailed and comprehensive driving
force analysis when data are available.
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Conclusion

1) Among production-living-ecological space types in Qingyang City from
2000 to 2020, ecological space has the largest area proportion, exceeding
70%, dominated by forest and grassland ecological spaces. Production
space ranks second, accounting for over 20% of the study area, dominated
by agricultural production space. Living space has the smallest proportion,
less than 5%. Land use structure changes mainly involve transformation
from production space to ecological space types, with ecological space as
the main component and appropriate production space proportion, indi-
cating good agricultural cultivation conditions and abundant grassland
and forest resources suitable for developing animal husbandry and crop
farming.

2) The overall landscape ecological condition of Qingyang City is safe, dom-
inated by medium security level. From the overall trend, low landscape
ecological risk areas show a gradual increasing trend, while high-risk ar-
eas show a yearly decreasing trend. The landscape ecological risk pattern
shows an “east low, west high” distribution pattern.

3) From 2000 to 2020, the coupling coordination of production-living-
ecological space in Qingyang City was primarily uncoordinated. From the
trend perspective, coordinated areas show a continuous yearly upward
trend, while uncoordinated areas show a continuous downward trend. The
overall coupling coordination degree shows improving development and
concentration, with a “south high, north low” distribution characteristic.

4) Regarding influencing factors, the degree of influence is sorted as: annual
precipitation > GDP > NDVI > urbanization rate > total population
at year-end. Annual precipitation, urbanization rate, NDVI, and popula-
tion are the most significant factors for production-living-ecological space
coupling coordination. The interaction between these factors has greater
impact on spatial heterogeneity of coupling coordination.
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