
What is ozone?
Ozone is a gas made of three oxygen atoms bonded together 
(O3). Ozone molecules form naturally in the atmosphere 
from chemical reactions between oxygen and sunlight and 
is naturally destroyed when it reacts with certain chemicals 
in the atmosphere. Ninety percent of Earth’s ozone is found 
in the stratosphere (between 10–50 kilometers [6–31 miles] 
above Earth’s surface). This is the ozone layer. Ten percent 
of Earth’s ozone is found nearer to the planet’s surface.

Why is ozone important?
Ozone in the stratosphere is considered “good ozone.” 

Stratospheric ozone acts as sunscreen for the planet 
because it absorbs some of the Sun’s ultraviolet (UV-B) 
radiation. UV-B radiation can damage living things. In 
humans, excessive exposure to it raises the risk of skin 
cancer, cataracts, and immune system defects. Ozone near 
Earth’s surface, on the other hand, is “bad ozone.” Near-
Earth ozone forms from human-made pollutants such as 
automobile exhaust and is considered a pollutant itself 
because it can disturb respiration and plant growth.

How is Earth’s ozone measured?
Out of every million molecules of gas in the atmosphere, 
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Ozone’s Slow Recovery
The ongoing recovery of Earth’s ozone layer from human-caused damage is considered the most successful 

international environmental initiative to date. This backgrounder accompanies the data visualization at 
www.amnh.org/explore/science-bulletins/(watch)/earth/visualizations/ozone-s-slow-recovery
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Navigating the visualization
Data: This global map shows NOAA 
satellite measurements of atmospheric 
ozone. The color represents the density 
of ozone molecules (measured in Dobson 
units, or DU) at a given location.

Time bar: The visualization begins with 
a sequence of daily satellite images taken 
between May 2012 and September 2013. 
As the images progress, the time bar fills.

Legend: Ozone is not naturally 
blue, orange, or red. The data has 
been colorized to highlight ozone 
measurements under 220 DU. The ozone 
hole is any area of 220 DU or less.

http://www.amnh.org/explore/science-bulletins/(watch)/earth/visualizations/ozone-s-slow-recovery
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Related resources
Associated data visualization

AMNH Science Bulletins: Ozone’s Slow Recovery
http://www.amnh.org/explore/science-bulletins/(watch)/
earth/visualizations/ozone-s-slow-recovery

Version for NOAA Science on a Sphere
http://sos.noaa.gov/Datasets/dataset.php?id=303

Ozone information

NOAA: Encouraging information from this year’s 
observations of the Antarctic ozone hole
http://research.noaa.gov/News/NewsArchive/Latest-
News/TabId/684/ArtMID/1768/ArticleID/10311/Encour-
aging-information-from-this-year’s-observations-of-the-
Antarctic-ozone-hole.aspx

NOAA Earth Systems Research Laboratory: Twenty 
Questions and Answers About the Ozone Layer
http://www.esrl.noaa.gov/csd/assessments/ozone/2010/
twentyquestions/

Estimating When the Antarctic Ozone Hole Will Recover
lasp.colorado.edu/sorce/news/2008ScienceMeeting/doc/
Session2/S2_05_Newman.pdf

NASA Ozone Hole Watch
ozonewatch.gsfc.nasa.gov

Collaborators

NOAA Environmental Visualization Laboratory
www.nnvl.noaa.gov

fewer than 12 are ozone. This amount varies in time and 
space because wind constantly moves and mixes ozone 
molecules in the atmosphere. The first ground-based 
instrument to measure atmospheric ozone was designed in 
the 1920’s by the British physicist Gordon M. B. Dobson. 
Since the late 1950’s, researchers have been building a 
network of instruments on the ground, in the air, and 
in space to regularly measure different aspects of ozone 
across the globe. Ozone acts as a “color filter” for distinct 
wavelengths in the electromagnetic spectrum, so many 
of these instruments measure the amount of ozone in a 
portion of the atmosphere by detecting how much of a 
given wavelength of light passes through it. The maps in 
this visualization are satellite measures of “total ozone” 
values across the globe: Each pixel represents all the ozone 
measured in a vertical column of atmosphere at that point. 
The density of ozone gas in this column is represented as 
Dobson units (DU).

How are humans changing the ozone layer?
The natural level of ozone production in the stratosphere 
is about equivalent to the natural level of destruction. 
However, humans have manufactured and released 
chemicals into the atmosphere that destroy ozone. These 
chemicals are gases that contain chlorine and bromine, 
most importantly the chlorofluorocarbons (CFCs) in 
refrigerators and air conditioners. The accumulation of 
ozone-depleting chemicals in the atmosphere has caused 
ozone destruction to speed up, and thus ozone levels have 
declined globally.

Ozone loss is most pronounced at high latitudes, 
particularly over Antarctica. Every June, July, and August, 
the winter circulation pattern over Antarctica intensifies at 
the height of the ozone layer. The air inside this circulation 

rapidly cools to temperatures colder than -78°C (-108°F). 
By September and October, the ozone-depleting chemicals 
react with sunlight in these frigid conditions to rapidly and 
efficiently destroy ozone. The winter circulation corrals 
the volume of depleted ozone, creating an ozone “hole.” 
On maps, the hole is delineated by ozone values under 220 
Dobson units. The size of the ozone hole varies day to day 
and year to year; its maximum size is noted yearly by the 
various agencies that track ozone. 

The striking anthropogenic damage to Earth’s ozone layer, 
first discovered by British and Japanese scientists in the 
early 1980’s, galvanized a global call for recovery. In 1987, 
nations signed a treaty called the Montreal Protocol on 
Substances that Deplete the Ozone Layer to reverse the 
depletion and protect life on Earth. This and subsequent 
agreements set legally binding limits on the production of 
ozone-destroying chemicals, and nearly all nations have 
signed them. 

As a result of these landmark agreements, levels of almost 
all major ozone-depleting chemicals are declining in the 
atmosphere. However, the chemicals take decades to break 
down, and thus ozone levels have been relatively stable 
since the early 1990’s. Consequently, the amount of UV 
light reaching Earth is stable but still higher than natural 
patterns would have allowed. Currently, the average 
size of the Antarctic ozone hole does not appear to be 
increasing. Computer modeling studies project that the 
ozone hole will begin a shrinking trend this decade, which 
will become apparent only after several more years of data 
are collected. If nations continue to meet expectations of 
the international ozone agreements, by 2070 stratospheric 
ozone abundance should recover to preindustrial levels, 
and a significant Antarctic ozone hole will no longer occur.
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