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1.3 Green House Effects & Greenhouses Gases Hydrological Cycle 

Ozone-Depleting Gases: 

Ozone-depleting gases are human-made substances that release chlorine and 

bromine into the stratosphere, leading to the breakdown of ozone molecules. These 

substances include chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and 

methyl chloroform. While they primarily contribute to ozone layer depletion, some 

of these compounds also have global warming potential. The international 

community addressed this issue through the Montreal Protocol, which aimed to 

phase out the production and consumption of ozone-depleting substances, thus 

contributing to both ozone layer protection and climate change mitigation. 

Greenhouse Effect: 

The greenhouse effect is a natural process that warms the Earth's surface. 

Greenhouse gases, such as carbon dioxide (CO2), methane (CH4), nitrous oxide 

(N2O), and water vapor, trap some of the Sun's energy in the Earth's atmosphere. 

This trapped heat is essential for maintaining a suitable temperature for life on 

Earth. However, human activities, particularly the burning of fossil fuels, have 

increased the concentrations of these greenhouse gases, enhancing the greenhouse 

effect. This enhanced effect contributes to global warming and climate change. 

Radiative Effects of Greenhouse Gases: 

Greenhouse gases absorb and emit infrared radiation, influencing the Earth's 

energy balance. When solar energy reaches the Earth's surface, it is absorbed and 

re-radiated as infrared radiation. Greenhouse gases trap some of this infrared 

radiation, preventing it from escaping back into space. This trapping of heat 

contributes to the warming of the Earth's surface. The radiative effects of 
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greenhouse gases are crucial for maintaining a habitable temperature on Earth, but 

human activities have intensified these effects, leading to global warming. 

Hydrological Cycle: 

The hydrological cycle, also known as the water cycle, describes the continuous 

movement of water on, above, and below the surface of the Earth. It involves 

processes such as evaporation, condensation, precipitation, infiltration, runoff, and 

transpiration. Water vapor is a significant greenhouse gas, and changes in the 

hydrological cycle can impact climate patterns. For example, an increase in global 

temperatures can lead to more intense evaporation and changes in precipitation 

patterns, influencing regional hydrological cycles and contributing to extreme 

weather events. 

Greenhouse Gases and the Hydrological Cycle: 

Changes in the concentrations of greenhouse gases, particularly water vapor, can 

influence the hydrological cycle. For instance: 

Increased temperatures can enhance evaporation rates, leading to more water vapor 

in the atmosphere. 

Changes in precipitation patterns can result in altered runoff and groundwater 

recharge. 

Extreme weather events, such as floods and droughts, can be influenced by shifts 

in the hydrological cycle due to changes in greenhouse gas concentrations. 

Understanding the interconnections between ozone-depleting gases, greenhouse 

gases, radiative effects, and the hydrological cycle is crucial for comprehending the 

complexities of Earth's climate system. Ongoing research and international 
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cooperation are vital for mitigating the impacts of human activities on these 

interconnected processes and promoting sustainable environmental practices. 

Ozone-Depleting Gases: 

Montreal Protocol: 

The Montreal Protocol, established in 1987, is a landmark international treaty 

designed to phase out the production and consumption of ozone-depleting 

substances. It has been widely successful, leading to a significant reduction in the 

emissions of these harmful substances. The protocol has served as a model for 

international cooperation in addressing environmental issues. 

Ozone Hole and Antarctic Ozone Depletion: 

The phenomenon of the ozone hole, particularly over Antarctica, is a visible 

manifestation of ozone layer depletion. The seasonal thinning of the ozone layer in 

this region occurs during the Southern Hemisphere's spring and is linked to the 

release of ozone-depleting gases. 

 

 

 

Greenhouse Effect: 

Enhanced Greenhouse Effect: 

Human activities, such as the burning of fossil fuels (coal, oil, and natural gas), 

deforestation, and industrial processes, have increased the concentrations of 
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greenhouse gases in the atmosphere. This enhanced greenhouse effect is a major 

driver of global warming and climate change. 

Positive Feedback Loops: 

Climate scientists study positive feedback loops, where the warming caused by 

greenhouse gas emissions triggers processes that further amplify climate change. 

For example, as permafrost thaws, it releases stored methane, a potent greenhouse 

gas, into the atmosphere, contributing to further warming. 

Radiative Effects of Greenhouse Gases: 

Radiative Forcing: 

Radiative forcing is a measure of the influence a factor has in altering the balance 

of incoming and outgoing energy in the Earth's atmosphere. Greenhouse gases 

contribute to positive radiative forcing, trapping more heat in the atmosphere and 

leading to a warming effect. 

Global Warming Potential (GWP): 

Different greenhouse gases have varying abilities to trap heat. GWP is a metric that 

quantifies the heat-trapping potential of a gas over a specific time period compared 

to carbon dioxide. Methane, for example, has a higher GWP than carbon dioxide 

over a short time frame. 

Hydrological Cycle: 

Impacts on Precipitation Patterns: 

Changes in global temperatures can influence the distribution and intensity of 

precipitation. Some regions may experience more frequent and intense rainfall, 

leading to an increased risk of flooding, while others may face prolonged droughts. 
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Extreme Weather Events: 

Shifts in the hydrological cycle contribute to the occurrence of extreme weather 

events such as hurricanes, cyclones, and intense storms. The increased energy in 

the atmosphere due to global warming can fuel the intensity of these events. 

Greenhouse Gases and the Hydrological Cycle: 

Water Vapor Feedback: 

Water vapor is both a greenhouse gas and a key component of the hydrological 

cycle. The warming caused by increased greenhouse gas concentrations can lead to 

more water vapor in the atmosphere, creating a positive feedback loop that 

amplifies the greenhouse effect. 

Cloud Formation and Albedo Effect: 

Changes in cloud cover can influence the Earth's energy balance. While clouds can 

trap heat, they also reflect sunlight back into space, contributing to the albedo 

effect. Shifts in cloud patterns due to climate change can impact regional climates. 

Understanding the interconnected nature of these environmental processes is 

crucial for addressing the challenges posed by human activities on Earth's climate 

system. Ongoing research, international collaboration, and concerted efforts toward 

sustainable practices are essential for mitigating the impacts of climate change and 

preserving the health of our planet. 
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