M_I_AN ECH Journal of Water Resource Engineering and Pollution Studies
Publications Volume 10, Issue 1, January-April, 2025

Impact of Climate Change on Hydrological Cycles and Water

Availability

Aniket Sharma
Assistant Professor
Department of Civil Engineering
Bhagwati Institute of Technology & Science

Email: aniketsharma.bits@rediffmail.com

Meera R. Pillai
Associate Professor
Department of Civil Engineering
KLE Society’s College of Engineering and Technology, Belgaum, India

Email: meerarpillai.kle@rocketmail.com

Abstract
Climate change has profoundly altered the hydrological cycle, affecting global
water availability and distribution. Rising temperatures accelerate
evapotranspiration, leading to shifts in precipitation patterns, increased
frequency of droughts and floods, and unpredictable water resource
availability. These changes disrupt natural ecosystems, agricultural
productivity, and urban water supply systems, posing severe challenges to
water management and sustainability. Glacier melt, changing river flows, and
groundwater depletion further intensify water stress, particularly in vulnerable
regions. This paper examines the impact of climate change on hydrological
cycles, seasonal variations in water supply, and implications for long-term
water resource management. Addressing these challenges requires adaptive
strategies, efficient water conservation measures, and policy interventions to

ensure sustainable water security in a rapidly changing climate.
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INTRODUCTION

The hydrological cycle plays a crucial role in maintaining ecological balance and supporting
human livelihoods. This natural process involves the continuous movement of water through
evaporation, condensation, precipitation, infiltration, and runoff, ensuring the availability of
fresh water for ecosystems and human use. However, climate change has significantly
disrupted this equilibrium, leading to profound alterations in water distribution, seasonal

precipitation patterns, and the frequency of extreme weather events.

One of the most significant consequences of climate change is the increase in global
temperatures, which accelerates the rate of evapotranspiration. As a result, more water is lost
from soil, vegetation, and water bodies, reducing surface water availability and affecting
agricultural productivity. Additionally, warmer air holds more moisture, leading to shifts in
precipitation patterns. Some regions experience excessive rainfall, causing floods, while

others suffer from prolonged droughts due to diminished precipitation.

Furthermore, melting glaciers and reduced snow packs disrupt the natural storage and gradual
release of water, leading to seasonal imbalances in river flows. This is particularly critical for
communities and industries that depend on consistent water supply from snow-fed rivers.
Groundwater recharge is also affected as changing rainfall patterns influence infiltration rates,

exacerbating water scarcity in arid and semi-arid regions.

The increased frequency and intensity of extreme weather events, such as hurricanes, storms,
and heat waves, further strain water resources and infrastructure. These climatic changes pose
challenges to water security, agriculture, hydroelectric power generation, and overall socio-
economic stability. Understanding these disruptions is essential for formulating adaptive

strategies and ensuring the sustainable management of water resources.

This paper aims to explore the various impacts of climate change on the hydrological cycle
and water availability. It discusses observed and projected changes, regional variations, and
the implications for different sectors. The study also highlights potential mitigation measures,
including technological innovations, policy interventions, and community-based adaptation

strategies to enhance water resilience in the face of climate change.

30 | Page 29-42 © MANTECH PUBLICATIONS 2025. All Rights Reserved



M_I_AN ECH Journal of Water Resource Engineering and Pollution Studies
Publications Volume 10, Issue 1, January-April, 2025

EFFECTS OF CLIMATE CHANGE ON HYDROLOGICAL CYCLES

Climate change has caused significant alterations in the hydrological cycle, affecting the
distribution, availability, and quality of water resources worldwide. These changes disrupt
natural water movement between the atmosphere, land, and oceans, leading to severe
environmental and socio-economic consequences. The key effects of climate change on the

hydrological cycle include.

Changes in Precipitation Patterns

Global warming has led to changes in the intensity, frequency, and spatial distribution of
precipitation. Some regions are experiencing excessive rainfall and flooding, while others face
prolonged droughts.

e Increased Rainfall Variability: Climate change intensifies atmospheric moisture
levels, causing unpredictable and extreme precipitation events. This results in flash
floods and soil erosion.

e Reduced Precipitation in Arid Regions: Many dry regions are witnessing further
declines in rainfall, leading to prolonged droughts, desertification, and declining

groundwater recharge rates.

Rising Temperatures and Increased Evapotranspiration
Higher global temperatures have accelerated the rate of evapotranspiration, reducing surface
water availability and depleting soil moisture.

e Increased Water Loss from Reservoirs and Lakes: Evaporation rates have surged,
particularly in warmer climates, decreasing water storage capacity in lakes, rivers, and
reservoirs.

e Higher Crop Water Demand: Agricultural water consumption has increased as crops

require more water due to higher temperatures, exacerbating water shortages.

Shrinking Glaciers and Reduced Snowpack
Glaciers and snowpacks are crucial freshwater sources for many regions, especially during dry
seasons. Climate change has caused:

e Glacier Retreat: Many mountain glaciers worldwide, such as the Himalayas and the

Alps, are shrinking, reducing the long-term availability of freshwater.
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e Altered Snowmelt Patterns: Early snowmelt due to rising temperatures leads to
water shortages later in the year, affecting agriculture and hydroelectric power

generation.

| Runoff variability Change
B High (acv > 15%)

Moderate (5% <ACV < 15%)|

Figure no. 1: Global Precipitation Changes Due to Climate Change — A Comparison of Wet

and Dry Regions

Table no. 1: Impact of Glacier Retreat on Major River Basins

River Basin Glacier Dependency (%) Climate Change Impact
Ganges (Asia) 60% Reduced summer flow
Colorado (USA) 50% Decreased water supply
Rhine (Europe) 40% Early snowmelt impact

Declining Groundwater Recharge
Changes in precipitation and increased evaporation have significantly affected groundwater
recharge rates.

e Lower Recharge in Drought-Prone Areas: Regions reliant on seasonal rainfall for
groundwater replenishment face a decline in water table levels, affecting drinking
water supply.

e Increased Over extraction: Water scarcity has forced overreliance on groundwater

reserves, leading to depletion and saltwater intrusion in coastal areas.
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More Frequent and Intense Extreme Weather Events
Climate change has intensified hydrological extremes such as hurricanes, floods, and
droughts.
e Increased Flooding: Higher precipitation rates and urbanization contribute to flash
floods, river overflow, and infrastructure damage.
e Prolonged Droughts: Extended dry periods reduce soil moisture, impact crop yields,

and cause widespread water shortages.

Changes in Water Quality
Rising temperatures and altered precipitation patterns also affect water quality, leading to:
e Increased Contamination: Heavy rainfall causes runoff pollution, carrying
sediments, chemicals, and pathogens into freshwater bodies.
e Higher Salinity Levels: In coastal regions, sea-level rise results in saltwater intrusion

into freshwater sources, making them unsuitable for drinking and irrigation.

CHANGES IN WATER AVAILABILITY AND DISTRIBUTION

Climate change has significantly impacted global water availability and its distribution across
regions, affecting ecosystems, agriculture, industry, and human populations. The changes in
hydrological patterns have resulted in water shortages in some areas while causing excessive
water accumulation in others. Understanding these shifts is crucial for sustainable water

management and policy development.

Regional Variations in Water Availability
Climate change has caused uneven distribution of water resources, leading to water scarcity in
some areas and excessive water flow in others.

e Increased Water Stress in Arid and Semi-Arid Regions: Many regions, particularly
in Africa, the Middle East, and parts of India, have experienced a decline in rainfall,
leading to chronic water shortages.

e Excess Water in Wet Regions: Some tropical and coastal areas have witnessed an
increase in precipitation, leading to frequent flooding and water logging, affecting both

natural and human-made infrastructure.
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Figure no. 2: Map Showing Regional Disparities in Water Availability Due To
Climate Change

Impact on Surface Water Resources

Rivers, lakes, and reservoirs serve as primary freshwater sources, but climate change has

affected their levels and flow patterns.

Reduced River Flows and Drying Lakes

e Many rivers, including the Ganges, Colorado, and Nile, have seen reduced water flows
due to altered precipitation patterns and higher temperatures.
e Large lakes such as Lake Chad in Africa and the Aral Sea in Central Asia have shrunk

dramatically due to increased evaporation and excessive water extraction for irrigation.

Increased Risk of River Flooding

e Excessive rainfall in some regions has led to more frequent flooding events, such as
the annual monsoon floods in South Asia and flash floods in Europe and North
America.

e Changes in the timing of snowmelt have led to river overflow in spring, particularly in

mountainous regions like the Himalayas and the Alps.
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Table no. 2: Impact of Climate Change on Major River Systems

River System Effect of Climate Change Region
Amazon Increased flooding South America
Indus Glacial melt water decline South Asia
Yangtze Altered seasonal flow patterns East Asia
Mississippi Rising flood risk North America

Changes in Groundwater Availability

Groundwater serves as the primary drinking water source for billions of people, but climate

change has disrupted its recharge and availability.

Declining Groundwater Levels

Reduced rainfall and increased evapotranspiration have led to a decline in groundwater
recharge in many parts of India, China, and the United States.
Over-extraction of groundwater for irrigation and industrial use has further worsened

depletion, especially in Punjab (India), California (USA), and the Middle East.

Saltwater Intrusion in Coastal Aquifers

Rising sea levels have caused saltwater intrusion into freshwater aquifers, making
them unsuitable for drinking and agriculture.

This is particularly evident in low-lying coastal regions such as Bangladesh, Florida
(USA), and the Mekong Delta (Vietnam).

Well contaminated

) - e - with saltwater due
to heavy pumping

Sea level ‘
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Cone of Freshwater
depression

Saltwater intrusion

Figure no 3: Diagram Showing the Effect of Sea-Level Rise on Coastal Groundwater

Salinity
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have become unpredictable, affecting agricultural planning and water storage Seasonal Shifts

in Water Availability

The availability of water has become highly seasonal, causing uncertainty in water supply.
e Earlier Snowmelt: Rising temperatures have caused early snowmelt, leading to spring
floods followed by water shortages in late summer.

e Shifts in Monsoon Patterns: The monsoon seasons in South Asia and parts of Africa

SEASONAL SHIFTS IN WATER AVAILABILITY

Climate change has significantly disrupted the natural patterns of water availability, making it
highly seasonal and unpredictable. The shift in water distribution across seasons has caused
increased water scarcity during dry months and excessive water availability in wetter months.
These variations affect agriculture, drinking water supply, hydroelectric power generation,

and overall ecosystem stability.

Altered Rainfall and Monsoon Patterns
One of the most critical impacts of climate change on seasonal water availability is the

disruption of rainfall cycles and monsoon patterns.

Delayed or Early Onset of Monsoons
e The South Asian monsoon, crucial for India, Bangladesh, and Pakistan, has become
increasingly unpredictable, with delayed or early arrivals disrupting water storage and
agricultural planning.
e Irregular monsoons have led to flash floods in some years and droughts in others,

causing instability in water resources.

Intensification of Rainfall Events
e Some regions experience shorter but more intense rainfall seasons, leading to sudden

flooding followed by long dry spells.

This pattern has been observed in South America, Southeast Asia, and parts of Africa, where

wet seasons are shorter but bring extreme precipitation.
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Figure no. 4: Comparison of Past and Current Monsoon Patterns in South Asia

EARLY OR LATE SNOWMELT AFFECTING RIVER FLOW
In mountainous regions, glaciers and snowpacks play a crucial role in maintaining water flow
during dry months. However, rising global temperatures have disrupted the timing of

snowmelt.

Earlier Snowmelt Leading to Spring Flooding
e Rising temperatures cause premature melting of snow and glaciers, resulting in
increased water flow in early spring but reduced availability in summer and autumn.
e This trend is visible in the Himalayas, the Alps, and the Rocky Mountains, where
rivers fed by glacial melt water experience high flows in spring but reduced flow in
later months.

Reduced Snow Accumulation in winter
e Warmer winters have led to less snowfall, causing a decline in snowpack reserves that
traditionally stored water for slow release during the dry season.
e The Colorado River Basin (USA), Indus River (South Asia), and the Yangtze River
(China) have shown significant reductions in glacial runoff, affecting downstream
water availability.
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Table no 3: Impact of Early Snowmelt on Major River Systems

River System Effect of Early Snowmelt Region

Indus Increased spring flooding, low summer flow | South Asia
Colorado Decreased summer water availability North America
Mekong Seasonal flow imbalance Southeast Asia

Increased Drought Frequency and Dry Season Length
The extension of dry seasons in several regions has worsened water shortages, agricultural

droughts, and groundwater depletion.

Longer Dry Seasons in Semi-Arid Regions
e Areas such as the Sahel (Africa), central India, and parts of South America have seen a
prolonged dry season, reducing the period when water is naturally available.
e Countries dependent on rain-fed agriculture face severe challenges in food production

due to longer dry spells.

Reduced Groundwater Recharge during Dry Months
e With shorter wet seasons, less rainwater infiltrates into the soil, causing reduced
groundwater replenishment.
e Groundwater-dependent regions, such as Punjab (India), California (USA), and central

China, face critical shortages during extended dry periods.

Palmer Drought Severity Index

D 1890 1900 1910 1920 17930 1940 17950 1960 1970 1980 1990 2000 2010 2020

Year [ __]

Figure no. 5: Chart Showing the Increase in Global Drought Frequency Over the Past 50
Years.
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Shift in Hydropower Generation Cycles
Many countries rely on hydroelectric power, which depends on seasonal water flow from
rivers and reservoirs. However, climate change has altered this pattern.

e Glacier-fed hydropower plants in the Himalayas, Alps, and Andes suffer from high

water discharge in spring but low availability in late summer and autumn.

e Drought-affected reservoirs in Africa, the USA, and Brazil have struggled to maintain

consistent electricity generation due to reduced water inflow.

Table no. 4: Hydropower Generation Issues Due to Seasonal Shifts in Water Availability

Region Problem Effect on Hydropower
) Power shortages in dry
Himalayas Early snowmelt reduces summer water flow
months
_ _ ) _ _ Unstable electricity
Amazon Basin | Unpredictable rainfall alters river discharge )
production
North America | Droughts lower reservoir levels Reduced power output

Impacts on Agriculture and Food Security
Agriculture is heavily dependent on seasonal water availability, and climate-induced shifts
have severely disrupted crop production and irrigation.

e Rice and wheat production has suffered due to unpredictable rainfall and dry spells.

e Fruit and vegetable farming in Mediterranean and temperate regions faces water

shortages during peak growing seasons.

¢ Irrigation-dependent crops, such as cotton and sugarcane, require higher water input

due to increased evapotranspiration.

Rising Water Management Challenges
The increased seasonal uncertainty has forced governments and communities to rethink water

storage and distribution strategies.
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Need for larger reservoirs and storage systems to manage unpredictable seasonal
changes.

Development of drought-resistant crops to cope with extended dry seasons.

Better transboundary water-sharing agreements between countries facing seasonal
variability in shared rivers.

Strategies.

Impact on Agriculture and Irrigation

The availability of water directly affects agricultural productivity, and climate change has led

to increased water demand for crops.

Higher Irrigation Needs: Due to rising temperatures, crops require more water,
increasing pressure on already stressed water sources.

Reduced Crop Yields: Uncertain rainfall and prolonged droughts have led to reduced
crop production, particularly in rain-fed agricultural areas.

Table no.6: Impact of Water Scarcity on Major Crops

Crop Effect of Reduced Water Availability Regions Affected
Rice Lower yields due to drought South Asia, Africa
Wheat Reduced growth and quality USA, Europe

Maize Increased crop failure Africa, Latin America
Sugarcane Declining production Brazil, India

Increased Water Conflicts and Socioeconomic Impact

The uneven distribution of water resources has led to rising tensions between communities

and nations over access to freshwater.

Transboundary Water Conflicts: Countries sharing river basins, such as India and
Pakistan (Indus River) and Egypt and Ethiopia (Nile River), face disputes over water
allocation.

Economic Impact: Industries relying on water, such as power generation,

manufacturing, and tourism, have faced economic losses due to water shortages.
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CONCLUSION

Climate change has drastically altered water availability and distribution worldwide. Some
regions face chronic water shortages, while others experience excessive water accumulation.
Changes in precipitation, declining groundwater reserves, and shifting seasonal patterns have
disrupted ecosystems, agriculture, and economies. Immediate action is needed to develop
sustainable water management policies, improve conservation techniques, and strengthen

global cooperation to address these water-related challenges.
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Figure no. 6: Summary of climate change impacts on global water resources
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