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Adapted from an article produced by the National Weather Service.

What are temperature inversions?

On most days, the temperature of the air in the troposphere (the atmospheric layer where life exists) decreases the higher up in altitude you go.  This is because radiation from the sun warms the ground, and then the ground re-radiates the heat, warming the air above the ground.  Warm air rises because it is less dense.  As the risen air cools, its density increases and they air moves back down closer to Earth’s surface.  The process of air rising and falling creates convection currents in the air.


Sometimes, however, the temperature of the air in the troposphere actually increases with height.  The situation of having warm air on top of cooler air is known as a temperature inversion because the temperature is “inverted” from its usual state.  Temperature inversions are an important factor in air quality.
How do temperature inversions form?

The most common manner in which temperature inversions form is through the cooling of the air near the ground at night.  Once the sun goes down the ground loses heat very quickly, and this cools the air that is in contact with the ground.  However, since air is a poor conductor of heat, the air just above the surface remains warm.

Conditions that favor the development of a temperature inversion are calm winds, clear skies, and long nights.  Calm winds prevent warmer air above the surface from mixing down to the ground, and clear skies increase the rate of cooling at Earth’s surface.  Long nights allow the cooling of the ground to continue over a longer period of time, resulting in a greater temperature decrease at the surface.  Since nights in the wintertime are much longer than nights during the summertime, temperature inversions are stronger and more common during the winter months.  A strong inversion implies a substantial temperature difference exists between the cool air in contact with Earth’s surface and the warmer air located a little above the surface.


During the daylight hours temperature inversions normally weaken and disappear as the sun warms Earth’s surface.  However, under certain conditions, such as a strong high pressure system over the area, these inversions can persist as long as several days.  In addition, local geographic features can promote the formation of inversions, especially in valley areas located between mountain ranges.

How do temperature inversions impact air quality?

Temperature inversions play a major role in air quality, especially during the winter when these inversions are the strongest.  The warm air above the cooler air acts like a lid, preventing vertical mixing and trapping the cooler air at the surface.  As pollutants from vehicles, fireplaces, and industry are emitted into the air, the inversion traps these pollutants near the ground, leading to poor air quality.  A large contributor to poor air quality during the winter is residential wood burning.  Wood smoke contains much higher amounts of particulate pollution than smoke from oil- or gas-burning heaters.  In some areas of the country, local governments issue burn bans to limit the use of woodstoves and fireplaces under certain weather and pollution conditions during the winter.  A strong inversion will hold the pollutants in a very thin layer close to Earth’s surface, while a weaker inversion will allow the pollutants to drift a little bit further up in the air so that they are not as close to the ground.  
Answer the following questions after you read:

1.  Why is the air closest to the ground normally the warmest?

2.  Define “temperature inversion”.

3.  The air closest to the surface cools off quickly when the sun is down.  Why doesn’t the air a little further from the ground cool off as much?

4.  List 3 factors that favor the formation of a temperature inversion.  For each factor, explain how the factor contributes to the inversion.

	Factor
	How it contributes

	
	

	
	

	
	


5.  Draw picture showing a temperature inversion.  Include the following in your picture:

· Buildings and plant life on Earth’s surface

· The sun

· Radiated heat (from both the sun and Earth’s surface)

· A pollution layer

· Label the pollution layer, location of warm air, location of cool air, and radiation waves

6.  Explain how you would change your picture to show what would happen in the event of a weak inversion.

7.  What effect would occur if all individuals who currently use wood-burning stoves installed gas heaters? 
