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4 thermal layers of the atmosphere

https://www.vectorstock.com/royalty-free-vector/cartoon-atmosphere-layers-card-poster-background-vector-22710198

Structure and Processes of the Atmosphere

A 5th layer, the exosphere is the outermost layer where the 
atmosphere thins out and merges with space

https://www.kids-fun-science.com/earths-atmosphere-layers.html


Structure and Processes of the Atmosphere

Troposphere:

• Gets its warmth 
from the Earth’s 
surface.

– Temperature 
decreases with 
altitude

• Contains our 
weather systems, Air 
pollution

© McGraw-Hill Education



Stratosphere:

This is where ozone resides, 
which blocks out harmful 
ultraviolet solar radiation.

– Temperature increases 
with altitude due to 
absorption of solar 
radiation by ozone 
molecules. 

– The cool air of the 
troposphere cannot rise 
into the stratosphere.

© McGraw-Hill Education

Structure and Processes of the Atmosphere
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Structure and Processes of the Atmosphere

Mesosphere: 

– Decreasing air 
temperatures that reach 
a minimum of -139°F!

– Temperature decreases 
due to fewer and fewer 
ozone molecules to 
absorb solar UV 
radiation.

– Very little oxygen and 
nitrogen

– Most near-earth objects 
burn up in this layer.



© McGraw-Hill Education

Structure and Processes of the Atmosphere

Thermosphere: 
– Increasing air 

temperature due to 
solar radiation (up 
to 1,830°F)!

– Blocks most of the 
harmful cosmic 
radiation (x-rays, 
gamma rays, some 
UV).

– Ionized gases cause 
auroras



Structure of the Atmosphere
Thermal Layers in the 
Atmosphere

• Highest energy radiation 
is absorbed in 
thermosphere.

• Most near-earth objects 
burn up in the 
mesosphere.

• Much of UV absorbed in 
stratosphere.

• Troposphere contains our 
weather systems, air 
pollution, greenhouse 
gases
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Absorption of Solar Energy

Highest energy radiation is 
absorbed in thermosphere.

Much of UV absorbed in 
stratosphere.

Sun emits electromagnetic radiation (EMR) which is 
described by its wavelength and frequency.

Infrared and visible light make up more than 90% of solar 
radiation at Earth’s surface

© McGraw-Hill Education



Solar Radiation and the Atmosphere
Some solar radiation reaches Earth’s surface

- and is absorbed by land and oceans, warming the planet 

About a third of the 
solar energy that 
gets to Earth is 
reflected out to 
space and about two 
thirds is absorbed. 

https://scied.ucar.edu/longcontent/energy-budget


Solar Radiation and the Atmosphere
Albedo: a measure of how much light that hits a surface is 
reflected without being absorbed

© McGraw-Hill Education

Low albedo = absorbed and warmed
High albedo = reflected and not warmed

Low amount of 
reflection –

high absorption

High amount of 
reflection –

low absorption

https://climate.ncsu.edu/images/edu/albedo.bmp
https://www.quora.com/Why-should-we-avoid-black-clothes-in-summer-season
https://climate.ncsu.edu/images/edu/albedo.bmp


Albedo & Climate Change

https://scied.ucar.edu/longcontent/energy-budget

Decline of ~13 % per decade

If Earth’s climate is colder and there is 
more snow and ice on the planet, more 
solar radiation is reflected out to space and 
the climate gets even cooler. 

When warming causes snow and ice to melt, 
darker colored Earth surface and ocean are 
exposed, and less solar energy is reflected out 
to space causing even more warming. 

Arctic 
Ice

Arctic 
Ice

Albedo & Earth’s Surface
• High albedo

➢ Snow and ice (glaciers and polar ice caps) reflect 50 to 90% of solar radiation
• Low albedo

➢ Ocean surface reflects 6% of solar radiation
➢ Forests reflect about 15% of solar radiation

This is known as the ice-albedo feedback



Albedo & Climate Change
Albedo and Earth’s surface

Clouds have an important effect on albedo 
too. 
• Different types of clouds reflect 

different amounts of solar energy

https://scied.ucar.edu/longcontent/energy-budget

“Every global climate model does clouds the 
wrong way. Some do it worse than others, but 
they all do it wrong.” November 2017 Dr. Joel 
Norris, Scripps Institution of Oceanography

Very difficult to 
forecast changes in 
types and 
distribution of clouds 
over time

https://skepticalscience.com/clouds-negative-feedback.htm


The Greenhouse Effect
Surfaces on Earth with low albedo absorb solar 
radiation and emit heat energy

• Greenhouse gases such as water vapor, carbon 
dioxide & methane absorb & trap solar radiation

• This absorption causes the troposphere to warm

https://www.esrl.noaa.gov/gmd/outreach/info_activities/pdfs/TBI_greenhouse_effect.pdf

• Keeps the Earth a livable! 

• Average surface temperature of Earth would 
be ~ 0°F without it (current average of ~ 59°F).

• Generally, the energy coming to Earth as 
sunlight equals the energy leaving  
• If it doesn’t, Earth heats up or cools 

down. 
• Recently the energy budget has not been 

balanced. 
• Adding greenhouse gases to the 

atmosphere traps more heat close to the 
planet and Earth warms.

https://www.esrl.noaa.gov/gmd/outreach/info_activities/pdfs/TBI_greenhouse_effect.pdf
https://scied.ucar.edu/longcontent/energy-budget
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The Role of Water in the Atmosphere
Evaporation and condensation are extremely important.

They contribute to weather phenomena and redistribution of heat in 
the atmosphere.

The Earth's land 
surfaces, life, oceans, 
and atmosphere 
endlessly recycle the 
planet's water. 

➢ The annual volume of water falling as precipitation is 30 times greater than 
the volume of water stored in atmosphere at any given time.

© 2019 LDrennan



The Role of Water in the Atmosphere
Water is the only natural substance that exists in all three states on Earth’s surface

• Conversion of water from one state to another transfers energy throughout the 
troposphere.

Gas

Solid

Liquid

© 2016 LDrennan



The Role of Water in the Atmosphere

White: dry air
Blue: abundant 
water vapor

https://earthobservatory.nasa.gov/global-maps/MODAL2_M_CLD_FR/MYDAL2_M_SKY_WV


The Role of Water in the Atmosphere

Humidity = the mass of water in 
a volume of air.

A function of evaporation and 
condensation

https://wonderopolis.org/wonder/what-is-humidity

Condensation occurs when air 
can hold no more water vapor 
at a given temperature that is:

the relative humidity of air 
increases enough that the air 
becomes saturated with 
moisture



The Role of Water in the Atmosphere
Relative humidity = amount of water vapor in air relative to how much water vapor 
the air could hold

https://study.com/academy/lesson/relative-humidity-lesson-for-kids.html

The amount of water vapor that 
air can hold is dependent on 
temperature

• Hot air can hold more water 
than cold air

It is written as a percentage

• For example 50% means 
the air is holding half the 
amount of water that it 
could actually hold

https://www.scienceabc.com/eyeopeners/does-100-humidity-basically-mean-that-air-has-become-water.html


Relative Humidity

Relative humidity at a location 
fluctuates daily and seasonally

http://www.city-data.com/city/Bakersfield-California.html

Bakersfield 
compared to US 
averages

https://www.slideserve.com/alanna/water-and-atmospheric-moisture
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Fog: 'obscurity in the surface layers of the atmosphere, which is caused 
by a suspension of water droplets;’ visibility is less than 1 km

Fog – “a cloud that reaches the 
ground”
• Condensed water vapor in very 

humid areas
• Normally occurs when relative 

humidity is ~100%
• Water vapor condenses around 

microscopic particles

Relative Humidity

“There is no difference between fog 
and clouds other than altitude”

https://www.weather.gov/source/zhu/ZHU_Training_Page/clouds/cloud_development/clouds.htm


https://en.wikipedia.org/wiki/Tule_fog
https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/fog/difference-mist-and-fog

Tule Fog – California’s Great Valley
• Can form after the first significant rainfall
• Forms when there is a high relative 

humidity and rapid cooling during night
• Dense, cool air is trapped by the 

surrounding mountain ranges along with a 
temperature inversion

Tule fog in Bakersfield
• Visibility in this photo is less than 500’

Maybe we should make 
this the California State Fog

Relative Humidity



© 2003 LDrennan

Mist: 'when there is such obscurity and the associated visibility is 
equal to or exceeds 1 km.’

Yosemite National Park, California

Relative Humidity
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Haze: a suspension of extremely small, dry particles in the air, not water droplets

© 2019 LDrennan

Southern San Joaquin Valley, California

Not Relative Humidity
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NE of Arvin, CA

Temperature Inversion
• Normally temperatures decline 

with altitude
• When temperatures increase 

with altitude, a temperature 
inversion occurs 

• The layer of warm air on top 
functions like a lid, trapping 
pollutants in the valleys and 
preventing winds from 
dispersing the haze or fog. 

Cities in California (including Bakersfield, Fresno, Hanford, Los Angeles, Modesto) have 
some of the most severe short-term particle pollution problems in the nation

Warmer

Cooler

Cooler

https://www.bakersfield.com/news/air-officials-bemoan-horrible-winter-conditions/article_93666f4d-9b9a-5eae-be7a-ecc8d7aa8b99.html
https://www.weathernationtv.com/news/californias-inversion-contradistinction-temperatures/


Air Pressure, Condensation, and Precipitation

Snow 

Forms when clouds reach temperatures 
below -5°C (23°F)

• Condensation preferentially produces ice 
crystals which gradually increase in size to 
form snowflakes

Bakersfield, CA, January 25, 1999

Porterville, CA, January 25, 1999

“A low pressure system with 
unusual dynamics”

http://www.sjvgeology.org/oil/bakersfield.html
http://www.city-data.com/picfilesc/picc59773.php

