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Abstract
Using ArcGIS spatial analysis, this study reveals the dynamic change character-
istics of land use in the river basins of Northwest China from 1990 to 2018, em-
ploys the“Pressure-State-Response”(P-S-R) model and entropy weight method
to assign weights to indicators, and analyzes the land ecological security status
of the river basins in Northwest China. The results show that: (1) The compre-
hensive land use dynamic degree of the river basins in Northwest China from
2015 to 2018 was 2.65%, indicating drastic land use changes. After 2000, the
average annual single dynamic degree of urban and rural construction land was
4.16%, representing the fastest growth rate. Grassland was mainly converted
to sandy land, cultivated land, and other unused land, while the conversion
between sandy land and other unused land in the desert areas of the basins re-
mained stable. (2) In the land ecological security evaluation index system for the
river basins of Northwest China, the state layer had the highest weight of 0.4985.
Based on the ranking of indicator weights, it is evident that economic and so-
cial development, wetland area, and population growth are important factors
affecting the land ecological security evaluation of the river basins in Northwest
China. (3) The land ecological security index of the river basins in Northwest
China showed an increasing trend from 1990 to 2018, remaining basically at the
“unsafe”level from 1990 to 2014, and transitioning to the “relatively unsafe”
level after 2015, indicating that the land ecological security status of the river
basins in Northwest China has improved. This study provides a scientific basis
for land use management planning in the river basins of Northwest China and
offers a case study for research on land use change and land ecological security
at the natural watershed scale.
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Full Text
Land Use Change and Land Ecological Security Assessment
in the River Basins of Northwestern China
WU Jingquan, WU Mingwan, ZANG Chuanfu
School of Geography, South China Normal University, Guangzhou 510631,
Guangdong, China

Land is the most fundamental natural resource for human survival and devel-
opment. Land use/cover change (LUCC), as a critical factor influencing global
environmental change, represents the most direct reflection of human activities.
Against the backdrop of China’s rapid economic and social development, a
significant contradiction has emerged in ecologically fragile regions between the
fragile nature of land ecosystems and the enormous demand for urban land de-
velopment. Insufficient attention to ecological land protection and maintenance,
coupled with irrational land resource utilization, has exacerbated land ecological
degradation. Consequently, investigating the dynamics of land use change and
assessing regional land ecological security status have become essential compo-
nents of regional sustainable development research.

This study employs ArcGIS spatial analysis software to reveal the characteris-
tics of dynamic land use change in the river basins of northwestern China from
1990 to 2018. Using the Pressure-State-Response (P-S-R) model and entropy
weighting method for indicator weighting, we analyze the land ecological secu-
rity status of the region. The results demonstrate: (1) The comprehensive land
use dynamic degree in the river basins of northwestern China from 2015 to 2018
was 2.65%, indicating drastic land use change. After 2000, urban and rural
construction land exhibited the fastest growth with an average annual single
dynamic degree of 4.16%. Grassland was primarily converted to sand, cropland,
and other unused land, while conversion between sand and other unused land
remained stable in the desert areas of the basin. (2) In the land ecological
security evaluation index system, the state layer carried the highest weight of
0.4985, making it the most influential factor. Based on indicator weight ranking,
economic and social development, wetland area, and population growth repre-
sent the key factors affecting land ecological security evaluation in the river
basins of northwestern China. (3) The land ecological security index showed an
overall increasing trend from 1990 to 2018, remaining at an unsafe level from
1990 to 2014 and transitioning to a relatively unsafe level after 2015, indicating
improved land ecological security conditions in recent years. Land desertifica-
tion constitutes a critical limiting factor for the healthy development of basin
land ecosystems. To improve land ecological security, greater emphasis must
be placed on converting desert land to ecological land, with careful attention to
ecological land construction and maintenance. This study provides a scientific
basis for land use planning and management in the river basins of northwestern
China and offers methodological examples for land use change and ecological
security research at the natural watershed scale.
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1.1 Study Area
Following existing literature, this study adopts the watershed division results
from the “National Water Resources Comprehensive Database Spatial Integra-
tion”project, selecting the river basins of northwestern China and their sec-
ondary water resource zones as the study area. The river basins of northwest-
ern China (29°30�~49°14�N, 73°32�~119°55�E) extend from the Pamir Plateau
national border in the west to the Greater Khingan Mountains in the east, and
from the northern border of the Altai Mountains in Xinjiang in the north to the
Qiangtang region in northern Tibet in the south. The area includes exorheic,
endorheic, and international rivers across Xinjiang, Tibet, Gansu, Qinghai,
Ningxia, Inner Mongolia, and Hebei, covering a total area of 336.23$×10^{4}$
km2, representing over 35% of China’s territorial area. The region contains more
than 600 rivers, with runoff primarily formed by rainfall and supplemented by
glacier melt. Most runoff originates in mountainous areas, with limited surface
flow in basins and plateaus. Situated deep within the Eurasian continent, the re-
gion features a temperate continental climate with extremely uneven spatiotem-
poral precipitation distribution. The arid and water-scarce natural environment
constitutes the primary limiting factor for local economic development. The ge-
ographical location of the river basins of northwestern China is illustrated in
[Figure 1: see original paper].

1.2 Data Sources and Processing
The 24 socioeconomic statistical indicators selected for this study (Table 1)
were obtained from the China Economic and Social Big Data Research Plat-
form (https://data.cnki.net/). Land use/cover raster data for the study period
were sourced from the Resource and Environmental Science Data Center of the
Chinese Academy of Sciences (http://www.resdc.cn/), with Landsat TM/ETM
remote sensing imagery as the primary data source interpreted through manual
visual interpretation.

Since socioeconomic indicator data are statistically compiled at the prefecture-
level city unit within each province (autonomous region), this study applied
area-weighted parameters based on the ratio of the watershed area within each
prefecture-level city to the total area of that city. This approach allocated
socioeconomic indicators according to their areal proportion, yielding watershed-
scale socioeconomic data.

1.3 Land Use Change Analysis Methods
This study employs single land use dynamic degree, comprehensive land use dy-
namic degree, and land use transfer analysis with transfer matrices to analyze
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the spatiotemporal patterns of land use change in the river basins of north-
western China. Detailed calculation procedures and formulas are available in
reference [21].

1.4 Land Ecological Security Evaluation
The Pressure-State-Response (P-S-R) model, initially proposed by Canadian
statisticians in the 1970s and widely adopted by the OECD and UNEP in
the late 1970s, provides a conceptual framework extensively applied in envi-
ronmental evaluation research. The model captures causal relationships among
evaluation indicators, distinguishing pressure indicators (socioeconomic impacts
on resources and environment), state indicators (current ecosystem, resource,
environmental, and socioeconomic development status), and response indica-
tors (human countermeasures to environmental problems). Drawing upon the
P-S-R framework and previous research in northwestern China, this study con-
structed a land ecological security evaluation index system comprising 24 indica-
tors across three hierarchical levels (target, criterion, and indicator layers). The
entropy weighting method determined indicator weights, with specific indicators
listed in .

1.4.1 Indicator Data Standardization

As indicators feature different measurement scales and units, standardization
was necessary to enable comparison. This study applied extreme value normal-
ization to process indicator data. The calculation formulas are:

For positive indicators:

𝑦+
𝑖𝑗 = 𝑥𝑖𝑗 − min(𝑥𝑗)

max(𝑥𝑗) − min(𝑥𝑗)

For negative indicators:

𝑦−
𝑖𝑗 = max(𝑥𝑗) − 𝑥𝑖𝑗

max(𝑥𝑗) − min(𝑥𝑗)

where 𝑥𝑖𝑗 represents the initial value of indicator 𝑗 in year 𝑖, 𝑦+
𝑖𝑗 is the standard-

ized value for positive indicators, and 𝑦−
𝑖𝑗 is the standardized value for negative

indicators.

1.4.2 Indicator Weight Determination

This study employed the entropy method to determine weights, which effectively
reflects indicator variability while avoiding subjectivity in manual weighting.
The entropy weight calculation formulas are:
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First, calculate the characteristic proportion:

𝑓𝑖𝑗 = 𝑦𝑖𝑗
∑𝑚

𝑖=1 𝑦𝑖𝑗

Then calculate information entropy:

𝐻𝑗 = − 1
ln 𝑚

𝑚
∑
𝑖=1

𝑓𝑖𝑗 ln 𝑓𝑖𝑗

Finally, determine weights:

𝑤𝑗 = 1 − 𝐻𝑗
∑𝑛

𝑗=1(1 − 𝐻𝑗)

where 𝑤𝑗 is the weight of indicator 𝑗, 𝐻𝑗 is information entropy, 𝑓𝑖𝑗 is the
characteristic proportion, 𝑚 is the number of evaluation years, and 𝑛 is the
number of indicators.

1.4.3 Land Ecological Security Comprehensive Index Calculation

Using the obtained entropy weights and standardized values, the comprehensive
evaluation model calculates the land ecological security index:

𝑄 =
𝑛

∑
𝑗=1

𝑦𝑖𝑗 × 𝑤𝑗

where 𝑄 represents the land ecological security index (higher values indicate
better security), 𝑦𝑖𝑗 is the standardized value, and 𝑤𝑗 is the weight.

1.5 Ecological Security Level Determination

Given the relative nature of security concepts, this study reduces classification
ambiguity through membership functions. Four security levels are defined: Safe,
Relatively Safe, Relatively Unsafe, and Unsafe. The membership functions cor-
responding to each land ecological security level are constructed as follows:

The membership degree calculation determines the security level based on which
interval the land ecological security index falls into, providing a quantitative
basis for classification.

2.1.1 Land Use Dynamic Degree Analysis
Significant variations exist among different land use types in the river basins
of northwestern China ([Figure 2: see original paper]). Grassland exhibited
an average dynamic degree of -0.89%, indicating a continuous decreasing trend,
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while all other land use types showed positive average dynamic degrees, reflect-
ing expansion trends. Urban and rural construction land maintained the highest
dynamic degree with dramatic fluctuations, reaching -4.15% during 1990-1995
and 4.16% after 2000, representing the most rapid expansion among all land
types. Cropland dynamic degree remained positive throughout the study pe-
riod with an average annual rate of 1.71%, ranking second in expansion speed.
Forestland, water bodies, and unused land showed minimal changes with aver-
age annual dynamic degrees between 0.30% and 0.70%.

The comprehensive land use dynamic degree for the entire river basins of north-
western China was 2.65% from 2015 to 2018, indicating drastic land use change.
After 2000, the comprehensive dynamic degree stabilized at lower levels, suggest-
ing more stable land use changes and reasonable ecological security variation
intervals.

Significant regional differences characterize the comprehensive land use dynamic
degree across secondary water resource zones. The Tianshan North Slope Rivers
and Gurban Tonggut Desert regions exhibited the highest average annual com-
prehensive dynamic degrees at 2.71% and 1.77%, respectively, indicating intense
land use changes. The Tarim Basin Desert and Tuha Basin Small Rivers main-
tained consistently low comprehensive dynamic degrees of 0.16% and 0.49%, re-
spectively, reflecting relatively stable land use patterns. Desert areas generally
showed low comprehensive dynamic degrees with stable land use patterns, small
proportions of cropland and construction land, and relatively secure land ecosys-
tems. In contrast, piedmont and plateau regions with high grassland propor-
tions experienced frequent grassland conversions, large comprehensive dynamic
degree fluctuations, intense land use changes, and less secure land ecosystems.

2.1.2 Land Use Type Transfer Analysis
To further investigate spatiotemporal patterns, this study distinguished sand
land (highlighting desertification changes) from other unused land categories.
The transfer matrix reveals intense conversions among land use types (). From
1990 to 2018, the primary source of cropland expansion was grassland conver-
sion. Grassland losses mainly transferred to sand land (21,000+ km2), cropland,
and other unused land. Forestland losses primarily converted to grassland and
cropland. Urban and rural construction land expansion originated mainly from
cropland (1,300 km2), followed by grassland. Water area increases resulted pri-
marily from grassland and other unused land conversions. Sand land reductions
involved substantial reciprocal conversions with other unused land rather than
transitions to ecological land uses like forestland or grassland.

Land use spatial patterns diverged significantly across the region ([Figure 4:
see original paper]). In eastern, southern, and northwestern plateau mountain
areas, frequent grassland conversions to other land types occurred. In central
and south-central desertification-prone regions, sand land and other unused land
predominantly converted between each other with minimal transition to other
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land types. Within secondary water resource zones, grassland-dominated areas
(Tianshan North Slope Rivers, Qiangtang Plateau Inland Region, Inner Mongo-
lia Inland Rivers) showed extensive grassland conversions, while sand-dominated
desert regions (Gurban Tonggut Desert, Tarim Basin Desert) exhibited stable
spatial patterns with limited conversions to other land types.

2.2 Land Ecological Security Evaluation Indicator Weight
Analysis
The indicator weights and rankings for the river basins of northwestern China
are presented in . Within the criterion layer, system pressure, system state, and
system response weights were 0.3112, 0.4985, and 0.1903, respectively, with the
state layer representing the most influential factor. Eight indicators exceeded
0.04 weight: GDP, per capita cropland area, wetland area, education expendi-
ture proportion, total population, fertilizer use, secondary industry value-added,
and industrial solid waste generation, indicating significant impacts on land eco-
logical security. These reflect the important influence of population, economic
structure, and education on regional land ecological security. Conversely, effec-
tive irrigation area, soil erosion control area, population density, urban water
supply, and waste removal (all <0.02) represented secondary factors.

2.3 Land Ecological Security Comprehensive Evaluation
Results
The land ecological security comprehensive index comprises pressure, state, and
response indices. From 1990 to 2018, the comprehensive index exhibited a“W-
shaped”trend with minor fluctuations and gradual improvement ([Figure 5: see
original paper]). Both state and response indices showed fluctuating upward
trends, while the pressure index generally declined but began rising after 2010.
The land ecological security level remained basically unsafe from 1990 to 2014,
transitioning to relatively unsafe after 2015, indicating gradual improvement in
land ecological conditions.

Significant variation exists among secondary water resource zones ([Figure 6: see
original paper]). From 1990 to 2018, all sub-basins showed stable growth in eco-
logical security indices (0.3-0.5 range), with most transitioning from“unsafe”to
“relatively unsafe”levels after 2010. Inner Mongolia Inland Rivers, Altai Moun-
tain South Slope Rivers, and Qiangtang Plateau Inland Region ranked highest,
with the first two reaching “relatively safe”levels after 2010, indicating stable
land use patterns and ecological environments. In contrast, the Tarim Basin
Desert and Gurban Tonggut Desert, dominated by sand and Gobi, maintained
low and stagnant ecological security indices throughout the study period.
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3 Discussion
Since 2010, the land ecological security pressure index in the river basins of
northwestern China has increased, showing a gradual upward trend that in-
dicates growing pressure on land ecological security. Human activities have
become the dominant influence on land ecological environments, with regional
socioeconomic development driving urban land expansion. The resulting in-
creased demand for land resources from growing populations inevitably impacts
land resources in multiple dimensions, triggering a series of land ecological se-
curity issues.

Previous studies on Urumqi, Shiyang River Basin, and Manas River Basin in
Xinjiang have similarly identified extremely unbalanced land use structures in
northwestern China, with cropland and construction land continuously increas-
ing at varying rates under human influence. Our results align with these find-
ings, showing that from 1990 to 2018, grassland and unused land dominated
the river basins of northwestern China (90.39% combined), while construction
land expanded rapidly at an average annual rate of 4.16%—the highest among
all land types. The “Western Development”policy accelerated economic devel-
opment and population growth, intensifying conversions between ecological and
construction land in this structurally unbalanced region.

This study, conducted at the natural watershed scale, reveals distinct differences
between desert and mountainous areas. Desert regions like Gurban Tonggut and
Tarim Basin, characterized by small wetland areas and severe ecological land
degradation, show frequent sand-other unused land conversions and low, stag-
nant ecological security indices. In contrast, mountainous regions such as Altai
South Slope, Tianshan North Slope, Qiangtang Plateau, and Kunlun North
Slope, benefit from snowmelt water supply, higher river runoff, and greater
ecological land proportions, maintaining higher ecological security indices with
some areas reaching “relatively safe”levels. This demonstrates that desertifi-
cation is a critical limiting factor for land ecological security, while ecological
land plays a vital role in improving security.

The relationship among regional socioeconomic development, land use change,
and land ecological security is interactive and mutually influential. Socioe-
conomic development, as the root cause, significantly impacts regional land
ecological security. Therefore, improving land ecological security requires not
only controlling population growth and enhancing economic efficiency but also
increasing fiscal investment in education to deepen public awareness of land
ecological protection, thereby alleviating human-land conflicts and achieving
sustainable land use and harmonious human-nature development.

4 Conclusions
Based on analysis of land use dynamic changes and land ecological security
status in the river basins of northwestern China from 1990 to 2018, this study
draws the following conclusions:
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1) The comprehensive land use dynamic degree in the river basins of north-
western China was 2.65% from 2015 to 2018, indicating drastic land use
change. Urban and rural construction land showed the highest average
annual single dynamic degree at 4.16%, demonstrating rapid expansion.
Grassland primarily converted to sand land, cropland, and other unused
land. In desert areas, conversion between sand and other unused land
remained stable, while in plateau regions, grassland frequently converted
to other land types.

2) In the land ecological security evaluation index system, the state layer
held the highest weight (0.4985), indicating its crucial role in evaluation.
Economic and social development, wetland area, and population growth
represent the key factors influencing land ecological security assessment in
the river basins of northwestern China.

3) The land ecological security index showed an overall increasing trend from
1990 to 2018, remaining at an unsafe level from 1990 to 2014 and transition-
ing to a relatively unsafe level after 2015. This indicates improving land
ecological security conditions in the river basins of northwestern China.
Land desertification is a critical limiting factor; improving land ecological
security requires greater emphasis on converting desert land to ecological
land and maintaining ecological land construction.
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