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Abstract

Taking typical arid inland river basins in Xinjiang as the research object,
this study systematically analyzes geographical, geomorphological, and hydro-
meteorological conditions along with watershed water cycle characteristics to
identify three major problems in water resource development and utilization:
severe water scarcity with pronounced spatiotemporal distribution imbalance
and prominent water security issues in transboundary rivers; excessive water
resource development leading to severe structural imbalance between artificial
and natural oases and ecological environment deterioration; and low water use
efficiency and benefit, coupled with supply-demand contradictions and loss
of control over water-salt balance. Guided by water problems and demands,
combining engineering measures with ecological protection, and employing
fundamental theories and analytical methods of systems science, a three-tier
multi-objective water cycle regulation theory and engineering technical system
is constructed. From macro, meso, and micro levels, scientific models and key
technologies for water cycle regulation and efficient water resource utilization
are proposed at regional, watershed, and irrigation district scales. Considering
regional topographic and geomorphological characteristics and water resource
endowment conditions, water cycle regulation frameworks with “network-type”
structures for northern Xinjiang, “ring-type” for southern Xinjiang, and “string-
type” for eastern Xinjiang are established to enhance the regulation capacity
for rational allocation of regional water resources. Addressing watershed water
cycle characteristics, an integrated regulation mode is proposed, featuring
mountain reservoirs replacing plain reservoirs, a “three-seven regulation” split
between intra-channel and extra-channel water diversion, and a “fifty-fifty
accounting” approach for economic and ecological water consumption. Focusing
on modern irrigation district construction and its challenges, the study indi-
cates that establishing a “four-in-one” integrated regulation technical system
for efficient water resource utilization—encompassing water-saving irrigation,
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water-salt regulation, groundwater utilization, and ecological protection—
represents the direction for sustainable development of oasis agriculture in arid
regions.
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Abstract

Taking typical inland river basins in China’ s arid Xinjiang region as the re-
search subject, this paper identifies three major problems in water resources
development and utilization: (1) water shortage with serious spatial-temporal
distribution imbalance and notable trans-boundary river water safety issues; (2)
over-development of water resources with serious structural imbalance between
artificial and natural oases and ecological environment deterioration; and (3)
low water use efficiency with water-salt imbalance and systematic contradic-
tions between water supply and demand. Based on systematic analysis of local
geography, landform, hydro-meteorological information, and basin water cycle
characteristics, this study establishes a three-scale (macro-, meso-, and micro-
scale) multi-objective water cycle regulation theory and engineering technology
system. This provides scientific models and key technologies for water cycle reg-
ulation at regional, basin, and irrigation zone scales, as well as for high-efficiency
water resources utilization, led by water problems and their requirements, with
simultaneous development of engineering measures and ecological protection,
adopting systematic scientific theory and analysis methods.

Keywords: arid region; water resources; regulation theory; key technology;
engineering measures

1.2.1 Water Resources Zoning and Statistics

Xinjiang covers a total area of 1.66x10 km?, with mountainous areas account-
ing for 42.7% and plain areas for 57.3%. The region’ s water resources total
834.9x10 m?3, comprising surface water resources of 788.7x10 m? and ground-
water resources of 454.0x10 m?. Mountainous areas are the primary source of
water, contributing 879x10 m? to the total resources.

The water resources are divided into three major zones: Northern Xinjiang,
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Southern Xinjiang, and Eastern Xinjiang, each with distinct hydrological char-
acteristics and utilization patterns.

1.2.2 Characteristics of Water Resources

The spatial distribution of water resources in Xinjiang is extremely uneven.
Mountainous areas receive abundant precipitation while plain areas are ex-
tremely arid. The population and economic activities are concentrated in oasis
areas, creating significant pressure on water resources.

In 2016, Xinjiang” s population reached 2398x 10 , with urbanization at 48.4%.
The region’ s GDP was 9650x10 yuan, with per capita GDP of 4x10 yuan.
Total water consumption was 9614x10 m?, with per capita water consumption
of 3.75 m? and per capita grain possession of 631 kg. Grain output reached
420x10 tons, with water consumption per unit of GDP accounting for 79% of
the national average.

The total water supply in 2016 reached 565.3x10 m?, with surface water supply
accounting for 533.3x10 m? (94.3% of total). Agricultural water consumption
dominated, accounting for 94.3% of total water use, reflecting the region’ s
agricultural economy characteristics. Water use efficiency varies significantly
across regions, with some areas showing utilization rates of 78.9% and others
21.0%.

3.1.2 Water Cycle Regulation Theory

Based on the unique water cycle characteristics of inland river basins in arid re-
gions, this study proposes a comprehensive regulation model that replaces plain
reservoirs with mountain reservoirs. The “Three-Seven Regulation” and “Five-
Five Control” frameworks are established to balance ecological and economic
water uses.

The regulation theory emphasizes: 1. Mountain reservoir construction to en-
hance regulation capacity 2. Optimized allocation between upstream and down-
stream water uses 3. Ecological protection measures integrated with engineering
solutions

The system aims to achieve a 64% regulation capacity through mountain reser-
voirs, improving water use efficiency by 25-50%.

[Figure 3: see original paper]

[Figure 4: see original paper]

3.1.3 Water Resources Utilization Technology

Aiming at the characteristics of oasis agriculture in arid regions, this study
establishes a “Four-in-One”comprehensive regulation technology system for high-
efficiency water resources utilization, integrating: 1. Water-saving irrigation
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technology 2. Water-salt regulation 3. Groundwater utilization 4. Ecological
protection

This system represents the development direction for sustainable oasis agricul-
ture in arid regions. Implementation of this system has shown improvements in
water use efficiency, with some areas achieving 98% efficiency in water utiliza-
tion.

[Figure 5: see original paper]

3.2 Water Management Approaches

Different management strategies are proposed for various water use scenarios: -
“Water-saving irrigation” for agricultural water use, targeting a 50% reduction in
water waste - “Water-salt regulation” for maintaining soil health and preventing
salinization - “Ecological water use” for environmental protection, ensuring 30%
of water resources are allocated to ecology - “Groundwater management” for
sustainable aquifer use, limiting extraction to 70% of recharge

4 System Framework and Conclusions

The water cycle regulation system in arid regions requires an integrated ap-
proach combining engineering measures, ecological protection, and scientific
management. The framework includes:

1. Regional-scale regulation networks (net-type for Northern Xinjiang, ring-
type for Southern Xinjiang, cluster-type for Eastern Xinjiang)

2. Basin-scale comprehensive regulation models

3. Irrigation-zone-scale “Four-in-One” technology systems

[Figure 6: see original paper]

This systematic approach provides scientific guidance for sustainable water re-
sources management in arid regions, balancing economic development with eco-
logical protection. The system has been applied in Xinjiang with positive results,
demonstrating its effectiveness in addressing water scarcity challenges.
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