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Abstract
Scientifically and rationally delineating urban growth boundaries constitutes an
effective approach for controlling urban sprawl and mitigating inefficient land
use, representing a significant focus in China’s current spatial planning explo-
rations. Such delineation should be grounded in regional variations of resource-
environmental baseline conditions and construction-development levels, with
locally-adapted selection of appropriate indicators and methodologies to more
accurately reflect urban development realities and demands, thereby providing
substantive guidance. Cities in arid regions are profoundly influenced by oasis-
desert ecosystems, where human-land conflicts become particularly pronounced
during urban expansion; consequently, urban growth boundary delineation must
embody the coordination between resource-environmental constraints and socio-
economic development. This study employs Urumqi as a case study, adopting a
research framework that integrates resource-environmental bottom-line assess-
ment with urban development potential evaluation to explore viable methodolo-
gies for delineating urban growth boundaries in oasis cities within arid regions.
The findings demonstrate: (1) the combined approach of restrictive and suitabil-
ity evaluations effectively delineates urban growth boundaries for oasis cities in
arid regions; (2) utilizing oasis areas as evaluation units for land potential is
more rational and applicable for boundary delineation in such contexts; and (3)
partitioning urban growth boundaries into rigid boundaries and phased bound-
aries can effectively guide urban land development.
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Abstract: Scientifically and rationally delimiting urban growth boundaries is
an effective way to control disorderly urban expansion and reduce inefficient
urban land use, and represents one of the important components of spatial
planning exploration in China. Urban growth boundary demarcation should be
based on regional resource conditions and construction and development levels
of different regions, with appropriate indicators and methods selected accord-
ing to local conditions to more accurately reflect the actuality and demand of
urban development. Urban development in arid areas is significantly affected
by the oasis-desert ecosystem, and the contradiction between people and land
is more prominent in the process of urban expansion. The delimitation of ur-
ban growth boundaries must reflect the coordination of resources, environment,
and economic and social development. This paper attempts to carry out the
delimitation of urban growth boundaries in Urumqi to explore feasible methods
for delimiting urban growth boundaries in arid regions based on the research
ideas of resource-environment background and construction and development
level. The results showed that: � The combination of restrictive evaluation and
suitability evaluation could be used to well delimit the urban growth boundary
in arid areas; � Oasis could be regarded as an evaluation unit of land potential to
make the delimitation of urban growth boundary in arid areas more reasonable
and applicable; � Delimitation of urban growth boundary was divided into the
permanent boundary and periodic boundary, which could be used to guide the
development of urban land.

Keywords: urban growth boundary; restrictive evaluation; suitability evalua-
tion; periodic boundary; Urumqi

1 Introduction
Controlling urban sprawl and protecting open space are critical policy instru-
ments for sustainable urban development. The delimitation of urban growth
boundaries has become an essential tool in urban planning to manage expan-
sion and preserve ecological resources. Previous studies have employed various
methods including land ecological suitability evaluation [?, ?, ?, ?], artificial neu-
ral networks [?], and spatial suitability assessment [?] to establish urban growth
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boundaries. However, these approaches often lack integration with regional
resource constraints and development demands specific to arid environments.

The unique characteristics of arid regions, particularly the oasis-desert ecosys-
tem interface, create distinct challenges for urban growth management. The
contradiction between population pressure and limited land resources is par-
ticularly acute in these areas. Therefore, urban growth boundary delimitation
must reflect the coordination among resources, environment, and socio-economic
development. This study proposes a comprehensive framework combining re-
strictive evaluation and suitability assessment, using the oasis as a fundamental
evaluation unit to enhance the rationality and applicability of boundary delim-
itation in arid contexts.

2 Study Area and Methods
2.1 Study Area

Urumqi City, located in an arid oasis region, serves as the study area. The city
covers a total area of 20.63 km², with a population of 2.24×10�. The population
density reaches 6.16×10� persons per km² in the core urban area. The region
faces significant ecological constraints due to its location at the margin of oasis
and desert ecosystems, making it representative of urban growth challenges in
arid northwestern China.

The evaluation framework incorporates multiple factors: land use status, ecolog-
ical sensitivity, construction suitability, and development potential. Restrictive
evaluation identifies areas prohibited from development based on ecological con-
straints, while suitability assessment determines the optimal spatial allocation
for future urban growth.

2.1.1 Data Sources and Processing

The analysis integrates remote sensing data, land use maps, topographic infor-
mation, and socio-economic statistics. Spatial analysis employs GIS-based multi-
criteria evaluation techniques to generate composite suitability indices. The re-
strictive evaluation layer identifies ecological redlines including water sources,
protected areas, and fragile ecosystems. The suitability evaluation layer consid-
ers factors such as terrain slope, soil conditions, infrastructure accessibility, and
land use efficiency.

Table 1 Classification system for urban growth boundary delimitation

3 Results and Discussion
3.3 Urban Growth Boundary Delimitation

The delimitation process generated two types of boundaries: permanent bound-
aries and periodic boundaries. The permanent boundary defines the ultimate
limit of urban expansion based on long-term ecological carrying capacity and
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resource constraints. The periodic boundary establishes phased development
zones that can be adjusted according to changing socio-economic conditions
and implementation effectiveness.

The combined approach of restrictive and suitability evaluation provides a ro-
bust methodology for arid region urban planning. Using the oasis as an evalu-
ation unit ensures that boundary delimitation respects the fundamental ecolog-
ical structure of the region. The dual-boundary system offers both long-term
guidance and flexibility for adaptive management.

The total area identified for potential urban growth is 2073.34 km², accounting
for 3.60% of the total oasis area. This allocation balances development needs
with ecological preservation, ensuring sustainable urban expansion in the water-
scarce environment.

Table 3 Space classification of urban growth boundary

The implementation of these boundaries should be integrated with regional
planning policies, including land use regulation, ecological compensation mech-
anisms, and performance monitoring systems. The periodic boundary should
be reviewed and adjusted every 5-10 years to reflect changing conditions and
development demands.

4 Conclusion
This study demonstrates that the integration of restrictive evaluation and
suitability assessment provides an effective methodology for delimiting urban
growth boundaries in arid oasis regions. Key innovations include treating
the oasis as a fundamental evaluation unit and establishing a dual system
of permanent and periodic boundaries. This approach ensures that urban
development respects ecological constraints while maintaining flexibility for
future growth.

The methodology is particularly applicable to cities in northwestern China facing
similar resource-environment pressures. Future research should focus on refining
evaluation indicators, establishing dynamic monitoring systems, and developing
policy instruments for boundary implementation.
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