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2.4 Lapse rates & Temperature inversion 

Lapse Rates: 

Environmental Lapse Rate: 

The environmental lapse rate refers to the actual rate at which the air temperature 

decreases with altitude in a specific location and at a given time. On average, the 

environmental lapse rate is around 6.5°C per kilometer in the troposphere. 

Dry Adiabatic Lapse Rate (DALR): 

The dry adiabatic lapse rate represents the rate at which unsaturated air cools as it 

rises or warms as it descends without undergoing condensation. It is approximately 

9.8°C per kilometer. This rate is applicable when air parcels are not saturated with 

water vapor. 

Moist Adiabatic Lapse Rate (MALR): 

The moist adiabatic lapse rate applies to saturated air parcels undergoing 

condensation as they rise. It is variable but generally ranges from 4 to 9°C per 

kilometer. The presence of water vapor affects the cooling or warming of the air. 

Temperature Inversion: 

Definition: 

A temperature inversion occurs when the normal lapse rate is inverted, and the air 

temperature increases with altitude rather than decreasing. This reversal of the 

typical temperature decrease with height creates a stable layer in the atmosphere. 
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Causes: 

Temperature inversions are often caused by the radiational cooling of the Earth's 

surface at night. As the ground loses heat, the air near the surface cools, and if 

conditions are right, a layer of warmer air aloft traps the cooler air near the surface. 

This can also occur due to subsidence or the sinking of air masses. 

Effects on Air Quality: 

Temperature inversions can have significant effects on air quality. During 

inversions, pollutants emitted at the surface, such as vehicle emissions or industrial 

pollutants, may become trapped under the warm air layer. This can lead to the 

accumulation of pollutants and poor air quality, as the stagnant air prevents 

dispersion. 

4. Weather Conditions and Fog: 

Inversions are often associated with calm, clear nights and can lead to the 

formation of ground fog or radiation fog. The stable layer prevents vertical mixing, 

allowing moisture near the surface to condense into fog. 

Impacts on Agriculture: 

Inversions can affect agriculture by causing temperature extremes. Frost can occur 

on the ground when cold air is trapped near the surface. On the other hand, during 

daytime inversions, warm air aloft can limit the vertical mixing of pollutants, 

affecting crops. 

Understanding lapse rates and temperature inversions is crucial for meteorologists, 

environmental scientists, and policymakers. Lapse rates provide insights into the 

stability of the atmosphere, influencing weather patterns, while temperature 
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inversions have implications for air quality, visibility, and various human 

activities. 

Temperature Inversion and Atmospheric Stability: 

Microscale Temperature Inversions: 

Temperature inversions can occur on smaller scales within urban areas or near 

natural features. For example, on calm nights, cool air can become trapped in 

valleys, creating localized temperature inversions. This phenomenon can impact 

temperature variations within a city and contribute to the development of urban 

heat islands. 

Impact on Wind Turbines and Air Travel: 

Temperature inversions can affect the performance of wind turbines. When the air 

near the surface is stable, it hinders the vertical mixing of air, limiting the 

efficiency of wind power generation. Additionally, temperature inversions can 

affect air travel by causing turbulence or restricting the dispersion of pollutants 

around airports. 

Radiation Inversions in Polar Regions: 

Polar regions frequently experience radiation inversions, especially during the long 

polar night. The lack of sunlight leads to strong radiational cooling at the surface, 

creating stable temperature inversions. These conditions impact local climate 

patterns and influence the behavior of polar air masses. 
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Lapse Rates and Atmospheric Processes: 

Environmental Factors and Lapse Rates: 

Various environmental factors, such as topography, vegetation, and bodies of 

water, can influence local lapse rates. For example, over a forested area, the lapse 

rate may be influenced by the release of moisture through transpiration, affecting 

both temperature and humidity profiles. 

Mountainous Areas and Orographic Lifting: 

In mountainous regions, the interaction between air masses and topography can 

lead to orographic lifting, influencing lapse rates. As air ascends a mountain slope, 

it cools and may undergo condensation, resulting in precipitation on the windward 

side. On the leeward side, descending air can create a rain shadow, influencing 

local climate. 

Climate Change and Lapse Rates: 

Climate change can alter lapse rates and atmospheric stability. Changes in 

temperature patterns, melting glaciers, and shifts in atmospheric circulation may 

impact the distribution of lapse rates globally. Understanding these changes is 

crucial for predicting climate trends and their consequences for ecosystems and 

human activities. 

Practical Applications and Forecasting: 

Meteorological Forecasting: 

Meteorologists use knowledge of lapse rates and temperature inversions to make 

weather predictions. Understanding the stability of the atmosphere helps in 
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forecasting precipitation, severe weather events, and assessing the potential for air 

quality issues. 

Air Quality Management: 

Knowledge of temperature inversions is vital for air quality management. Urban 

planners and environmental agencies use meteorological data to predict inversion 

events and develop strategies to mitigate pollution during stagnant atmospheric 

conditions. 

In conclusion, the understanding of lapse rates and temperature inversions is 

crucial for various scientific disciplines, including meteorology, environmental 

science, and climate research. These phenomena influence weather, air quality, and 

the behavior of air masses, making them essential considerations in addressing 

environmental challenges and planning for sustainable development. 

 

 

 

 

 

 


