
Atmospheric Temperature Inversions 

 

Stratosphere 
 

Temperature increases with altitude in the stratosphere because the ozone layer absorbs high-energy 

ultraviolet (UV) radiation from the Sun, converting the UV energy into heat. This absorbed energy 

warms the ozone molecules and surrounding air, creating a temperature inversion where warmer air is 

found above cooler air, a unique characteristic of this atmospheric layer. [1, 2, 3]  

 

The Role of the Ozone Layer  

• UV Absorption: The stratosphere contains the ozone layer, a region with a high concentration of 

ozone molecules ().  

• Energy Conversion: Ozone molecules absorb the Sun's ultraviolet (UV) radiation, a process that 

converts this high-energy light into heat.  

• Exothermic Reactions: This process also involves the photolysis (breakdown by light) of 

oxygen () into individual oxygen atoms, which then react with other molecules to form ozone (). 

The formation of ozone is an exothermic process that releases heat. [1, 3, 4, 5]  

Formation of a Temperature Inversion  

• Heating from Above: Because the ozone layer is located in the stratosphere, the air is heated 

from this higher altitude by the absorption of UV radiation.  

• Stable Conditions: This heating from above creates a temperature inversion, where warmer air 

sits on top of cooler air.  

• Lack of Convection: Unlike the troposphere, where this temperature pattern doesn't exist and 

leads to weather-producing turbulence, the stable, warmer-above-cooler air in the stratosphere 

prevents vertical movement (convection). [2, 5, 6]  

Contrast with the Troposphere  

• In the layer below the stratosphere, the troposphere, temperatures decrease with altitude because 

the air is primarily heated from below by the Earth's surface.  

• This heating from below, coupled with rising air, is what causes the temperature to decrease with 

height in the troposphere. [4]  

 

Mesosphere 
 

Temperature decreases with altitude in the mesosphere because the atmosphere becomes less dense, 

leading to decreased absorption of solar radiation and less heat retention. The primary source of 

heating for the mesosphere is the absorption of incoming radiation by the stratosphere below it. As you 

move higher into the mesosphere, the limited absorption by the thinning air, coupled with radiative 

cooling from carbon dioxide (CO2), causes temperatures to drop significantly, reaching the coldest points 

in Earth's atmosphere at the mesopause. [1, 2, 3, 4, 5, 6]  

 

Key Factors for Temperature Decrease in the Mesosphere:  
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• Decreasing Air Density: The mesosphere is extremely thin, with most of the Earth's atmospheric 

mass below it. This low density means there are fewer molecules to absorb solar radiation, which 

is the main source of heat for the upper atmosphere.  

• Limited Solar Heating: Unlike the stratosphere, which absorbs UV radiation due to its ozone 

layer, the mesosphere receives very little direct heating from the sun.  

• Radiative Cooling: Carbon dioxide (CO2) in the mesosphere efficiently radiates heat into space, 

contributing to the overall cooling effect. [3, 5, 6, 7, 8, 9]  

Analogy to the Troposphere:The temperature decrease with altitude in the mesosphere is similar to the 

pattern in the troposphere, the layer closest to the Earth's surface. In both layers, the primary heat source 

is either from the ground (in the troposphere) or the layer below (in the mesosphere), and as altitude 

increases, the air moves further away from this heat source. [2, 8, 9]  

 

The Mesopause:At the very top of the mesosphere, the temperature minimum is known as the 

mesopause, where temperatures can fall to around -90 to -100° C (-130 to -148° F), making it the coldest 

region in the Earth's atmosphere. [4, 5, 8]  

 

 

 

Thermosphere 
 

Temperature increases with altitude in the thermosphere because its very sparse molecules and atoms 

absorb high-energy ultraviolet (UV) and X-ray radiation from the Sun, converting this radiation 

into kinetic energy, which is a measure of temperature. Even though the total number of molecules is 

too low to feel hot to humans, their extremely high individual energies result in a high temperature 

reading. [1, 2, 3]  
 

Here's a more detailed breakdown:  

1. Solar Radiation Absorption: The thermosphere, located above the mesosphere, is exposed to 

intense, high-energy solar radiation, including UV and X-rays.  

2. Particle Interactions: The gases in the thermosphere (like oxygen and nitrogen) absorb this solar 

radiation.  

3. Energy Conversion: This absorption process excites the atoms and molecules, causing them to 

gain a significant amount of kinetic energy.  

4. High Temperature, Low Heat: Because the thermosphere has a very low density of particles, 

these highly energetic molecules are spread out. The high temperature reflects the high energy of 

these few particles, but there are not enough of them to transfer a significant amount of heat to a 

person or object. [1, 2, 3, 4, 5]  

In essence, it's not the amount of heat in the thermosphere that's high, but the average energy of the 

individual particles. [1, 3]  
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