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Abstract: This study investigates the impacts of climate change on the hydrological cycle and the availability of water
resources. It begins by examining the effects of climate change on global water circulation, including altered precipitation
regimes and increased evapotranspiration. Subsequently, the analysis addresses the consequences for water resource
availability, specifically the heightened frequency of droughts and the intensification of flood risks. Finally, the paper
proposes strategic recommendations to mitigate the adverse effects of climate change, including the strengthening of water
resource management frameworks and the promotion of water conservation and efficient utilization.
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1. INTRODUCTION

Climate change is fundamentally reshaping the global hydrological cycle and the availability of water resources,
with profound implications for human society and ecosystems. Rising temperatures increase the atmosphere’s
water-holding capacity by about 7% per degree Celsius, accelerating evaporation and altering precipitation
patterns—leading to a “wetter-get-wetter, drier-get-drier” trend. This manifests as more frequent extreme
precipitation events alongside longer dry spells, creating a polarized rainfall regime. In terms of water availability,
glacier retreat and reduced snowpack undermine the natural regulation function of mountains as “water towers”;
the short-term increase in runoff from accelerated melting will eventually give way to depletion, threatening
dry-season river flows in glacier-dependent basins. Spatially, runoff declines in regions such as the Mediterranean
and the southwestern U.S. contrast with increases at high latitudes, though this “northward shift” does little to
relieve water stress in arid zones. More frequent droughts and floods challenge conventional water infrastructure,
as seen in the 2022 “dry season flood recession” in the Yangtze River basin, which defied traditional flood-drought
assumptions. Nonlinear feedbacks—including wetland degradation, land subsidence from groundwater overuse,
and saltwater intrusion—further degrade water quality and ecosystem resilience, potentially pushing some regions
past irreversible tipping points. In response, static water planning based on historical hydrology must give way to
dynamic adaptive management that integrates climate scenarios, real-time monitoring, and resilient infrastructure
design, ensuring a water-secure future under a changing climate.

2. IMPACT OF CLIMATE CHANGE ON THE HYDROLOGICAL CYCLE
2.1 Changes in Precipitation Patterns

Heavy rains and floods can lead to a sharp increase in surface runoff, which may cause rivers to overflow,
submerge farmland and towns, and bring great inconvenience or even disasters to human life. At the same time, a
large amount of runoff will also carry away nutrients and organic matter in the soil, leading to soil degradation and
ecosystem destruction.

Long-term drought will lead to more scarce water resources. In arid areas, the water levels of rivers and lakes will
drop, and the groundwater level will also decrease, making it more difficult to obtain clean drinking water and
agricultural irrigation water. In addition, drought will cause vegetation to wither and land desertification to
intensify, further deteriorating the ecological environment.

Therefore, the changes in precipitation patterns caused by climate change have had a significant impact on the
hydrological cycle and water resource availability. To address these challenges, we need to take a series of
measures to mitigate the impact of climate change and improve the efficiency of water resource management and
utilization. This includes developing sustainable agricultural and industrial production methods, promoting
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water-saving technologies and equipment, and strengthening water resource protection and restoration. Only in
this way can we ensure the sustainable use of water resources and protect the common home of humans and nature.

2.2 Increase in Evaporation

Climate change has caused an increase in atmospheric temperatures, which in turn has accelerated the evaporation
rate of water surfaces and soil. This means that more of the water originally used to nourish vegetation and
replenish groundwater is converted into atmospheric water vapor. This change not only affects the water levels of
rivers, lakes, and other water bodies but also has a severe impact on agricultural production. For example, in some
arid regions, due to increased evaporation, surface water resources have become more scarce, greatly restricting
crop growth.

Increased evaporation has also exacerbated the salinization of surface water bodies. As freshwater resources
decrease, seawater intrusion and salt accumulation have become inevitable phenomena. This not only affects soil
fertility but also poses a threat to the safety of domestic water for local residents.

To address the challenges posed by climate change, we need to take proactive measures to protect and manage
water resources. This includes improving water use efficiency, promoting water-saving technologies, and
strengthening water resource protection regulations. Only in this way can we ensure the sustainable use of water
resources in the context of climate change and provide strong support for the prosperity and development of human
society.

2.3 Adjustments in the Water Cycle Process

Climate change has led to significant adjustments in the water cycle process. First, the evaporation process has
accelerated. As surface temperatures rise, the evaporation rate of water bodies increases, including not only
evaporation from the ocean surface but also from rivers, lakes, and soil moisture. This means more water enters the
atmosphere in gaseous form, exacerbating regional and global water scarcity issues.

Changes in precipitation patterns have also had a profound impact on the water cycle process. Climate change has
caused a decrease in precipitation in some regions while an increase in others. This uneven precipitation pattern
has altered the seasonal and interannual variations in river flow, leading to potential drying up of rivers in some
areas and the risk of flooding in others.

Climate change has also affected groundwater systems. With the increase in surface water evaporation,
groundwater levels have declined, threatening water resource depletion in many areas that rely on groundwater. At
the same time, groundwater recharge processes have also been impacted by climate change, with reduced recharge
in some regions further exacerbating water scarcity.

The adjustment of the hydrological cycle process by climate change has multifaceted impacts. These impacts not
only change the spatial and temporal distribution of water resources but also have a profound influence on the
ecological environment and human socio-economic development. Therefore, we need to take effective measures to
address the challenges brought about by climate change, protect and rationally utilize water resources, and
maintain the Earth's ecological balance and human well-being.

3. IMPACT OF CLIMATE CHANGE ON WATER RESOURCE AVAILABILITY
3.1 Increased Frequency of Droughts

Climate change has altered precipitation patterns, leading to more frequent and severe droughts in certain regions.
Due to the increased water vapor content in the atmosphere, when these regions experience high temperatures,
evaporation increases significantly while precipitation may decrease or become unstable, thereby exacerbating the
severity of droughts. This change in precipitation patterns poses severe challenges to water resource supply for
agriculture, ecosystems, and human society.

Climate change has also accelerated the rate of glacial melting, which means that the availability of water

resources will be severely affected for rivers dependent on glacial meltwater. Glaciers are an important source of
water for many rivers, but as the climate warms, glaciers gradually 4 @, reducing their stored water resources and
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leading to decreased river flow, and even drying up in some seasons. This is a huge blow to agricultural areas
relying on river irrigation and urban water supply systems.

3.2 Increased Flood Risk

Flood disasters can lead to significant waste of water resources. When floods occur, river water levels rise sharply,
and large amounts of water cannot be effectively utilized but are lost along with the floods. This not only wastes
valuable water resources but may also cause serious water pollution problems in downstream areas.

Flood disasters can damage water resource infrastructure. Flood scouring can destroy water conservancy facilities
such as reservoirs, dams, and canals, making it impossible to effectively store and allocate water resources. This
will not only affect the needs of agricultural irrigation, industrial water use, and residential domestic water but may
also have adverse impacts on the overall socio-economic development.

Flood disasters also increase the uncertainty of water resources. Climate change has altered rainfall patterns,
making the timing and location of floods more difficult to predict. This makes water resource planning and
management more challenging, requiring more human, material, and financial resources to address the challenges
posed by flood disasters.

3.3 Intensified Contradiction Between Water Supply and Demand

Climate change has accelerated the rate of glacial melting, and snow and ice reserves in alpine regions are
gradually decreasing. This means that regions relying on snow and ice meltwater as their main water source, such
as the Qinghai-Tibet Plateau and the Himalayas, will face severe water shortages. As snow and ice resources
decrease, river flow in these regions will drop significantly, affecting agricultural irrigation, residents' lives, and
the normal operation of ecosystems.

Climate change has also led to an increase in extreme weather events, such as droughts, floods, and heavy rains.
These extreme weather events have a serious impact on the balance between water supply and demand. For
example, prolonged droughts can cause rivers to dry up and reservoir water levels to drop, restricting water supply
capacity. Flood disasters, on the other hand, may lead to water source pollution and damage to water conservancy
facilities, further exacerbating water scarcity.

4. SUGGESTIONS FOR ADDRESSING THE IMPACTS OF CLIMATE CHANGE

4.1 Strengthen Water Resources Management

Establishing and improving a water resources monitoring system is crucial. By real-time monitoring key
parameters such as water level, flow, and water quality, we can promptly understand the status of water resources
and provide data support for scientific decision-making. In addition, introducing advanced remote sensing
technology and information technology to achieve dynamic monitoring of large-scale, multi-dimensional water
resources helps improve management efficiency.

Optimizing water resources allocation is key to addressing climate change. Based on regional water resource
conditions and needs, formulate reasonable water allocation plans to ensure that water demands in various fields
and regions are met. At the same time, promote water-saving technologies and awareness to reduce water waste
and improve water use efficiency.

Strengthening water resources protection cannot be ignored. Strictly control pollutant discharge, protect water
sources and wetland ecosystems, and maintain the self-purification capacity of water bodies. Strengthen
groundwater management to prevent declines in groundwater levels and water quality deterioration caused by
over-extraction. Through these measures, we can leave sufficient water resources for future generations.

Promoting reform of the water resources management system is a long-term solution. Establish a legal and
regulatory system for water resources management that is in line with national conditions, clarifying the
responsibilities and rights of governments at all levels, departments, and the public. Strengthen the building of
water resources management teams and improve the professional quality and skills of management personnel.
Through these reform measures, we can lay a solid foundation for the sustainable use of water resources.
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4.2 Promote Water Conservation and Efficient Use

Strengthen water resources management and planning. The government should formulate scientific and reasonable
water resources management policies, strengthen water resources planning and scheduling to ensure the rational
allocation and efficient use of water resources. At the same time, a sound water resources monitoring system
should be established to timely grasp changes in water resources and provide a scientific basis for
decision-making.

Promote water-saving technologies and equipment. Enterprises and individuals should actively promote the use of
water-saving technologies and equipment to reduce water consumption. For example, adopting advanced
irrigation technologies can improve the efficiency of farmland irrigation and reduce water waste; using
water-saving sanitary ware can reduce household water consumption.

Strengthen education on water resources protection awareness. Governments and social organizations should
strengthen education on water resources protection awareness to enhance the public's understanding and attention
to water resources protection. Through publicity activities, lectures, and other means, more people can understand
the importance of water resources and the necessity of conservation and efficient use.

4.3 Develop Water Resource Alternative Technologies

Seawater desalination technology is one of the effective ways to address the shortage of freshwater resources. By
converting seawater into freshwater, we can significantly alleviate the contradiction between supply and demand
of freshwater resources. Although the current cost of seawater desalination is relatively high, with the continuous
advancement of technology and the reduction of costs, this technology will have greater application potential in the
future.

Rainwater harvesting and utilization technology is also an important means to cope with climate change. By
collecting and storing rainwater, we can use these water resources during dry seasons, thereby reducing reliance on
groundwater and other traditional water sources. In addition, rainwater harvesting and utilization can also
effectively reduce the pressure on urban drainage systems and prevent problems such as urban waterlogging.

Reclaimed water utilization technology is also one of the important measures to address climate change
Reclaimed water refers to domestic sewage and industrial wastewater that has been treated to meet certain
standards and can be reused. Through reclaimed water utilization technology, we can reuse water resources that
would otherwise be wasted, thereby improving the efficiency of water resource utilization. At the same time,
reclaimed water utilization can also reduce environmental pollution caused by sewage discharge and promote the
construction of ecological civilization.

5. CONCLUSION

As climate change continues to progress, water resource issues have become increasingly prominent. Only by
deeply understanding the impact of climate change on the hydrological cycle and water resource availability can
we more effectively meet challenges and ensure the sustainable development of human society. We should work
together to promote the development of the water resources field and take practical measures to jointly address the
challenges posed by climate change to water resources.
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