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Abstract
As an important province in China serving as a crucial link between east and
west, the rational planning of land use in Shaanxi Province is of great signifi-
cance for promoting regional high-quality development. From the perspective of
land function, this study employs models such as the land use transfer matrix to
investigate the quantitative and distribution characteristics and change trends
of the‘production-living-ecological’space in Shaanxi Province from 2000 to 2020,
and ultimately analyzes the underlying causes of distribution changes at differ-
ent scales. The results indicate that: (1) The comprehensive land use dynamic
degree of the ‘production-living-ecological’space fluctuated at 0.2%, with two
rate increases during the period. The first increase was caused by the expansion
of living space, and the second was related to the growth of ecological space.
Among the single dynamic degrees, living space exhibited the largest value,
mostly positive; production space ranked second, mostly negative; ecological
space was mostly positive, stabilizing at 0.1%. (2) From 2000 to 2020, produc-
tion space experienced the most significant change, with a total area reduction
of 2,913 km2, while other types increased, with ecological space showing greater
growth. In the secondary classification, production-ecological space decreased
by 4,036 km2, representing the largest change; all other types increased except
for potential ecological space, with green ecological space expanding by 2,025
km2, the largest increase. (3) The distribution of‘production-living-ecological’
space is correlated with topography and landforms. Overall, ecological space
dominates, being primarily distributed in the southern part of the province;
production space is mainly located in the central part of the province; living
space is mostly distributed in the Xi’an metropolitan area, with the smallest
area but expanding outward year by year. (4) In factor detection, population
factors play a dominant role in the evolution of ‘production-living-ecological’
space in Shaanxi Province; after interaction detection, the results of multi-factor
interactions are stronger than the simple explanations of single factors.
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Abstract
Shaanxi Province serves as a critical link between eastern and western China,
making rational land-use planning essential for promoting high-quality regional
development. From a land function perspective, this study employs models
such as the land-use transfer matrix to investigate the quantitative and distribu-
tional characteristics and changing trends of“production-living-ecology”spaces
in Shaanxi Province from 2000 to 2020, and analyzes the underlying causes of
these changes at different scales. The results indicate: (1) The integrated land-
use dynamic degree of“production-living-ecology”spaces fluctuated around 0.2%,
with two periods of accelerated growth—first driven by living space expansion,
and later associated with ecological space growth. Among single dynamic de-
grees, living spaces showed the highest values, mostly positive; production spaces
ranked second, mostly negative; and ecological spaces remained mostly positive
and stable at 0.1%. (2) From 2000 to 2020, production spaces experienced the
most significant change, with a total area reduction of 2,913 km2, while other
types increased, with ecological spaces showing greater growth. At the secondary
classification level, production-ecology spaces decreased by 4,036 km2, represent-
ing the largest change, while all other types except potential ecological spaces
increased, with green ecological spaces expanding by 2,025 km2. (3) The spatial
distribution of “production-living-ecology”spaces correlates with topography,
dominated overall by ecological spaces primarily located in southern Shaanxi,
production spaces concentrated in the central region, and living spaces—though
smallest in area—clustered around the Xi’an metropolitan area and expanding
outward annually. (4) Factor detection reveals that population factors play a
dominant role in the evolution of Shaanxi’s“production-living-ecology”spaces,
while interaction detection demonstrates that multi-factor interactions produce
stronger explanatory power than single factors alone.
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1. Introduction
Since China’s active participation in global supply chains, urbanization and
industrialization have advanced rapidly, with the national urbanization rate
reaching 63.89% by 2020. More than half of the population now resides in cities,
accompanied by problems such as encroachment on farmland and excessively
rapid land urbanization. Development requires continuous resource acquisition,
and land serves as both the carrier and essence of resources. The scarcity and
non-renewability of resources have intensified conflicts among land functions,
making spatial dysfunction a primary obstacle to high-quality regional develop-
ment. Revealing land-use patterns that coordinate land functions and promote
long-term development has become a key research frontier.

Currently,“production-living-ecology”spaces have received extensive attention
as a national priority and frontier in land research. First, regarding spatial
classification, Chen et al. established a functional classification system empha-
sizing ecological functions to promote sustainable use, while Li et al. identified
“production-living-ecology”spaces in Tangqi Town through biophysical measure-
ment and value transformation. Although a unified standard has not yet been
formed, a basic framework has been established. Second, research has examined
influencing factors, coupling relationships, and pattern optimization of various
spaces. The 18th National Congress of the Communist Party proposed the goal
of “promoting intensive and efficient production spaces, livable and moderate
living spaces, and beautiful ecological spaces,”providing direction for optimiz-
ing land resources. The 14th Five-Year Plan (2021-2025) further emphasizes
“optimizing the ecological security barrier system and gradually forming three
spatial patterns: urbanization areas, major agricultural product production ar-
eas, and ecological function zones,”with multiple policy documents repeatedly
mentioning “production-living-ecology”spaces.

Existing research has primarily focused on eastern coastal regions, with fewer
studies on western areas and limited analysis of influencing factors. As new
strategies such as the Western Development and the ecological protection and
high-quality development of the Yellow River Basin are implemented, Shaanxi
has become an important economic growth engine in western China. However,
severe soil erosion in northern Shaanxi, frequent high-temperature weather in
central Shaanxi, and rising ecological sensitivity in southern Shaanxi have cre-
ated contradictions between development aspirations and resource limitations,
necessitating urgent research on spatial layout. While some scholars have stud-
ied land use in Shaanxi, systematic discussions on the evolution characteristics
and influencing factors of “production-living-ecology”spaces at different scales
remain lacking. Therefore, this study investigates the spatio-temporal evolution
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and driving mechanisms of“production-living-ecology”spaces in Shaanxi from a
top-down perspective, aiming to enrich land-use research in western China and
provide strategies for scientific land resource management.

2. Study Area and Methods
2.1 Study Area Overview

Shaanxi Province, located deep in China’s interior, radiates and drives
development across northwestern provinces. Its terrain is high in the north
and south and low in the central region, comprising three main areas: the
Northern Shaanxi Plateau (Yulin and Yan’an), the Guanzhong Plain (Xi’
an, Xianyang, Weinan, Tongchuan, and Baoji), and the Southern Shaanxi
Mountains (Hanzhong, Shangluo, and Ankang), covering a total area of
2.06$×10^{5}$ km2. The province features diverse climate conditions across
humid, semi-humid, semi-arid, and arid zones, with varied landforms including
plateaus, plains, and mountains. By 2020, the permanent population reached
3.96$×10{7}, 𝑤𝑖𝑡ℎ𝑎𝐺𝐷𝑃𝑜𝑓2.6×10{12}$ yuan and a three-industry structure ratio
of 0.09:0.43:0.48, making it the largest economy in northwestern China.

[Figure 1: see original paper] Scope of study area

2.2 Data Sources

Land-use data at 30m resolution for Shaanxi Province from 2000-2020 were ob-
tained from the Resource and Environmental Science and Data Center. Natural
environment data, including meteorological data, were sourced from the China
Meteorological Data Network. Normalized Difference Vegetation Index (NDVI)
was calculated from Landsat imagery using ENVI software. Socioeconomic data,
including population, GDP, industrial output, fiscal revenue, total retail sales
of consumer goods, fixed asset investment, and urban residents’disposable in-
come, were collected from the Shaanxi Regional Statistical Yearbook, Shaanxi
Statistical Yearbook, and statistical bulletins of national economic and social
development for each district and county.

2.3 “Production-Living-Ecology”Spatial Classification System

Based on China’s land-use remote sensing monitoring data classification sys-
tem, we reclassified subcategories according to spatial meanings and proposed a
“production-living-ecology”spatial classification system (Table 1). Considering
the mixed functions of certain land types (e.g., farmland and urban land), we
identified production-living and production-ecology spaces based on dominant
and auxiliary functions, classifying them according to their primary functions.
This system includes all land categories and can be applied to different regions,
though Shaanxi does not contain all spatial types (permanent glaciers, beaches,
oceans, etc.).
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Production-living-ecology spatial classification system

2.4 Analytical Methods

2.4.1 Integrated Land-Use Dynamic Degree
This model measures the overall degree of land-use change during a specific
period:

𝐿𝐶 =
𝑛

∑
𝑖=1

𝐿𝐴𝑖
𝑇 × 100%

where LC is the integrated land-use dynamic degree, n is the number of land-use
types, LA_i is the area of land type i at the initial period, and T is the study
period length.

2.4.2 Single Land-Use Dynamic Degree
This model examines changes in specific land-use types:

𝐾 = 𝑈𝑏 − 𝑈𝑎
𝑈𝑎

× 1
𝑇 × 100%

where K is the dynamic degree of a specific land-use type, and U_a and U_b
are the areas at the beginning and end of the period, respectively.

2.4.3 Land-Use Transfer Matrix
This matrix reflects both static areas and dynamic flows between land-use types:

𝑆𝑖𝑗 =
⎡
⎢⎢
⎣

𝑆11 𝑆12 ⋯ 𝑆1𝑛
𝑆21 𝑆22 ⋯ 𝑆2𝑛

⋮ ⋮ ⋱ ⋮
𝑆𝑛1 𝑆𝑛2 ⋯ 𝑆𝑛𝑛

⎤
⎥⎥
⎦

where S represents area, i and j are land-use types before and after conversion,
and n is the number of types.

2.4.4 Geographical Detector
This statistical method, developed by Wang and Xu, explores spatial differen-
tiation and driving forces through factor detection, ecological detection, inter-
action detection, and risk detection. After discretizing natural environment,
urban scale, and economic development factors, we applied factor detection and
interaction detection. Factor detection measures the explanatory power of inde-
pendent variables on spatial differentiation, while interaction detection analyzes
the combined effects of different factors.
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3. Results
3.1 Dynamic Degree Analysis

3.1.1 Integrated Land-Use Dynamic Degree
The integrated dynamic degree of“production-living-ecology”spaces fluctuated
around 0.2%, with two acceleration periods: first increasing to 0.3% then de-
creasing to 0.1% before returning to 0.2%. Combined with single dynamic degree
analysis, the first acceleration was driven by living space expansion during rapid
urbanization and population growth, while the second was associated with eco-
logical space growth following implementation of the “Two Mountains Theory”
and rising societal demands for ecological quality.

3.1.2 Single Land-Use Dynamic Degree
During the study period, living spaces showed the highest dynamic degrees
(mostly positive), followed by production spaces (mostly negative), while eco-
logical spaces showed the lowest but consistently positive values around 0.1%.
From 2000-2010, living spaces expanded fastest while ecological spaces grew
slightly and production spaces shrank. During 2010-2015, living space growth
accelerated to 0.8%, ecological spaces grew at the same rate, and production
spaces continued to decline. From 2015-2020, living space growth slowed to
0.2%, production spaces expanded slowly, and ecological spaces decreased at
the same rate.

Rate of production-living-ecology spaces change in Shaanxi Province

3.1.3 Primary Classification Transfer Matrix Analysis
From 2000-2020, production spaces changed most significantly, decreasing by
2,913 km2, while other spaces increased, with ecological spaces showing greater
growth. At the secondary classification level, production-ecology spaces de-
creased by 4,036 km2 (the largest change), while all other types except poten-
tial ecological spaces increased, with green ecological spaces expanding by 2,025
km2.

Transfer matrix of production-living-ecology spaces in Shaanxi Province from
2000 to 2020

3.1.4 Secondary Classification Transfer Matrix Analysis
From 2000-2010, production-ecology spaces changed most dramatically (-961.0
km2), primarily converting to green ecological and rural living spaces. From
2010-2015, the pattern was similar, but blue ecological spaces shifted from in-
crease to decrease. From 2015-2020, production-ecology spaces again showed
the greatest change (-982.2 km2), converting mainly to green ecological spaces,
while green ecological spaces increased most significantly (824.6 km2). The
reduction of green ecological spaces was primarily related to industrial and liv-
ing space expansion, while their increase reflected strengthened environmental
protection consciousness through programs like the Grain for Green Project.
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3.2 Spatial Distribution Characteristics

Shaanxi’s“production-living-ecology”spatial pattern is dominated by ecological
spaces, primarily located in the southern province (south of Baoji and Xi’an, and
throughout southern Shaanxi), with smaller clusters in central and northwestern
areas. Production spaces are widely distributed, mainly in central Shaanxi
(northern Weinan, Xianyang, northern Xi’an, eastern Baoji) and partially in
southern Yulin, northern Yan’an, and central Hanzhong. Living spaces, though
smallest in area, are concentrated in the Xi’an metropolitan area, expanding
outward annually as rapid land urbanization drives continuous growth.

At the secondary classification level, living-production spaces expanded promi-
nently along water systems and at blue ecological space boundaries, while rural
living spaces were evenly embedded as small patches within production-ecology
spaces. Industrial production spaces were located near large living space patches,
reflecting close production-life connections. Green ecological spaces were primar-
ily distributed in southern Shaanxi, with some in potential ecological spaces of
western Yulin.

3.3 Driving Force Analysis

Based on existing research and considering regional natural conditions, we ex-
amined driving mechanisms for Shaanxi Province as a whole and for its three
subregions (Northern Shaanxi, Guanzhong, and Southern Shaanxi). We selected
11 factors as independent variables (X1: average annual temperature, X2: av-
erage annual precipitation, X3: total population, X4: population density, X5:
fiscal revenue, X6: total retail sales of consumer goods, X7: primary industry
added value, X8: secondary industry added value, X9: tertiary industry added
value, X10: total fixed asset investment, X11: NDVI), with spatial types as de-
pendent variables (Y) to explore driving forces at three time points (2000, 2010,
2020).

Transfer matrix of the secondary production-living-ecology spaces in Shaanxi
Province from 2000 to 2020
Production-living-ecology spaces driving force indicators

3.3.1 Factor Detection
All factors passed significance tests (p < 0.01), confirming model reliability. At
the provincial scale, population density showed the strongest explanatory power
(around 0.4), followed by natural condition factors (X1, X2) and population-
related factors (X3, X4), reflecting the fundamental role of natural conditions
and population. Economic factors, particularly industrial added values (X8, X9),
also showed high explanatory power, demonstrating the important influence of
industrial structure.

At the subregional scale, Northern Shaanxi was strongly influenced by natu-
ral environment and population factors; Guanzhong showed strong correlations
with natural environment and urban scale factors; and Southern Shaanxi was
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primarily affected by urban scale factors and fixed asset investment (X10). Over-
all, while dominant factors varied by region, all were significantly influenced by
urban scale factors, representing local consumption capacity, labor reserves, and
development potential.

[Figure 2: see original paper] Results of factor detector

3.3.2 Interaction Detection
Interaction detection reveals that combined factors show significantly enhanced
explanatory power compared to single factors, with most relationships showing
non-linear enhancement. At the provincial scale, interactions between natural
environment and population factors were particularly prominent in 2010, while
by 2020, most factor combinations showed enhancement effects, especially those
involving population density.

At the subregional scale, factor combinations showed highest explanatory power
in Northern Shaanxi (mostly >0.5), with strong enhancement effects from natu-
ral environment-population and natural environment-economic factor combina-
tions. Guanzhong showed weaker enhancement, likely due to its more complex
and longer development history. Southern Shaanxi showed clear effects from
urban scale and economic development factor combinations, particularly pop-
ulation factors and fixed asset investment, reflecting the region’s ecological
orientation and tourism-driven development model.

[Figure 3: see original paper] Results of interaction detector

4. Discussion
Although driving factor combinations differ across Shaanxi’s regions, all cor-
relate with population factors, consistent with existing research. However, this
study introduces a new scale by examining influencing factors by subregion,
considering local differences.

The continuous shrinkage of production spaces contrasts with population growth
trends, demanding higher development efficiency in living spaces and greater
productivity in production spaces. Shaanxi should strengthen regional cooper-
ation to create complementary development patterns. Northern Shaanxi must
enhance mine restoration and adhere to rational, moderate development. The
Xi’an metropolitan area’s living space expansion reflects successful talent attrac-
tion policies, radiating to surrounding areas and fostering tertiary and strategic
emerging industries. Southern Shaanxi should implement graded governance
and fine management, prioritizing environmental protection in industrial activ-
ities and promoting the Grain for Green policy in unsuitable cultivation areas.

The expansion of ecological spaces demonstrates enhanced environmental aware-
ness, primarily through increases in green and potential ecological spaces. How-
ever, potential ecological spaces require long-term cultivation to convert to
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higher ecological value spaces. Notably, blue ecological spaces continue to de-
cline, requiring strengthened protection and management of water bodies in-
cluding the Yellow River, Wei River, Hongjiannao Lake, and Yinghu Lake, with
specialized regulations and enhanced implementation of policies like the river
chief system.

5. Conclusion
This study reveals that: (1) Shaanxi’s“production-living-ecology”spatial distri-
bution is influenced by socioeconomic activities at approximately 0.2% dynamic
degree. Living spaces showed the highest but gradually decreasing single dy-
namic degree, production spaces were mostly negative with slight increases, and
ecological spaces remained positive at 0.1%. (2) From 2000-2020, production
spaces decreased most significantly (-2,913 km2), while other spaces expanded,
with ecological spaces showing greater growth. At the secondary classification
level, production-ecology spaces decreased most (-4,036 km2), while green eco-
logical spaces increased most (+2,025 km2). (3) Spatial distribution shows clear
regional characteristics: ecological spaces dominate in southern Shaanxi, produc-
tion spaces are concentrated in central and northern areas, and living spaces
cluster in central regions. (4) Population factors consistently dominate in both
factor and interaction detection, with population density showing the strongest
single-factor influence. However, single-factor driving forces are limited, and
multi-factor interactions predominantly show non-linear enhancement effects,
with socioeconomic factors demonstrating stronger explanatory power in north-
ern and southern Shaanxi.
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