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What Causes Ozone Depletion and
Why Do We Care?

Ozone is a naturally-occurring molecule

Filters out UV

from WMO, 2006, Q&A



What Causes Ozone Depletion and
Why Do We Care?

Ozone is a naturally-occurring molecule

Filters out UV

Depletion refers to reductions in stratospheric ozone below the natural
equilibrium due to human activity

from WMO, 2006, Q&A

UV  Protection by the Stratospheric Ozone Layer



What Causes Ozone Depletion?
Reactive chlorine- and bromine-containing gases in the stratosphere

“Catalytic” cycles allow a single chlorine or bromine atom to destroy many
hundreds of ozone molecules

Figures from WMO, 2006
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Primary Sources of Chlorine



CFC first
synthesized
(1928)

1930 2000

History of
Ozone-Depleting Substances

1960

CFC Production

CFC Concentration



CFC first
synthesized
(1928)

Refrigeration
& home A/C

1930 2000

History of
Ozone-Depleting Substances

1960

CFC Production

CFC Concentration



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

1930

History of
Ozone-Depleting Substances

CFCs

1960



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

CFC/climate link
Ramanathan

1930 2000

History of
Ozone-Depleting Substances

CFCs

1960



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

Ozone
Hole

Farman
et al paper

(1985)

CFC/climate link
Ramanathan

1930 2000

History of
Ozone-Depleting Substances

CFCs

1960

Halley Bay Column Ozone
October

300
DU

200
DU

1960 1970 1980



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

Ozone
Hole

Farman
et al paper

CFC/climate link
Ramanathan

1930 2000

History of
Ozone-Depleting Substances

CFCs

Montreal
Protocol

guided by science
political/logistical issues



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

Ozone
Hole

Farman
et al paper

CFC/climate link
Ramanathan

1930 2000

History of
Ozone-Depleting Substances

HCFCsCFCs

Montreal
Protocol

Developed Developing



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

Ozone
Hole

Farman
et al paper

CFC/climate link
Ramanathan

1930 2000

Science, 
Assessments, and

Amendments

History of
Ozone-Depleting Substances

HCFCs HFCs?CFCs

Montreal
Protocol



CFC first
synthesized
(1928)

Refrigeration
& home A/C

CFC/ozone 
link

Molina and
Rowland

Ozone
Hole

Farman
et al paper

CFC/climate link
Ramanathan

1930 2000

History of
Ozone-Depleting Substances

HCFCs HFCs?CFCs

Montreal
Protocol

Science, 
Assessments, and

Amendments



ESRL’s End-to-End Scientific Contributions

ODS Production

ODS Concentration

Ozone Concentration

UV Radiation



ESRL’s End-to-End Scientific Contributions

Global & Regional emissions
Replacements

Observations of ODSs
     and replacements

ODS Production

ODS Concentration

Ozone Concentration

UV Radiation

ODSs in equipment

Monitor recovery



ESRL’s End-to-End Scientific Contributions

Global & Regional emissions
Replacements

Observations of ODSs
     and replacements

Ozone observations
Ozone/climate link

ODS Production

ODS Concentration

Ozone Concentration

UV Radiation

ODSs in equipment

Monitor recovery



ESRL’s End-to-End Scientific Contributions

Global & Regional emissions
Replacements

Observations of ODSs
     and replacements

Ozone observations
Ozone/climate link

UV observations
Calculations from ozone observation

ODS Production

ODS Concentration

Ozone Concentration

UV Radiation

ODSs in equipment

Monitor recovery



ESRL’s End-to-End Scientific Contributions

Global & Regional emissions
Replacements

Observations of ODSs
     and replacements

Ozone observations
Ozone/climate link

UV observations
Calculations from ozone observation

ODS Production

ODS Concentration

Ozone Concentration

UV Radiation

Laboratory analysis

Process studies

Modeling

Understanding
Projections

ODSs in equipment

Monitor recovery



ESRL’s End-to-End Scientific Contributions
Observations of ODSs
Regional emissions
Bank analysis

Laboratory analysis
Process studies

Ozone observations
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Recovery projections

UV observations
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ESRL’s Continuing Contributions

NOAA Mission: “To understand and predict changes in
Earth’s environment … to meet our Nation’s
economic, social, and environmental needs”

• Ozone / climate link

• Accountability phase of Montreal Protocol

• Future involvement with assessments and projections

• Transitioning through HCFCs and the role of HFCs

• Gaps in scientific understanding of ozone depletion
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NOAA Mission: “To understand and predict changes in
Earth’s environment … to meet our Nation’s
economic, social, and environmental needs”

• Ozone / climate link

• Accountability phase of Montreal Protocol

• Future involvement with assessments and projections

• Transitioning through HCFCs and the role of HFCs

• Gaps in scientific understanding of ozone depletion

Important and exciting opportunities and responsibilities for ESRL
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