
Chlorofluorocarbons 
Halons
Chlorinated and 
Brominated chemicals

Hydrochlorofluorocarbons

Hydrofluorocarbons

G. Dutton, B. Hall, D. Mondeel, 
C. Siso, L. Miller, B. Miller, J. Elkins, 
J. Butler, D. Hofmann, 
J. Daniel, S. Solomon
Support personnel
Station personnel

Trends in ozone-depleting 
substances and the ODGI

Air sampling 
at South Pole



Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
How are banks affecting ODS emissions?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions and non-regulated use? 
Will halogen levels overall continue to decline?
When will halogen levels return to 1980 levels?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere) 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH) 

Understanding the interconnectedness of loss mechanisms with other processes 
and other trace gases (CH4 , tropospheric O3 , stratospheric O3 …)
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Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions and non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH). 
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Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions and non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH). 
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Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent regulations?
How are CH3 Br abundances influenced by exemptions & non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH). 
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Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions & non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH). 
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Atmospheric Observations of CH3 Br*
• Despite large natural 

sources, CH3 Br has declined 
globally nearly every year 
since production decreases 
began (1999).

• Northern Hemisphere 
declines are twice those in 
the SH.

• Despite exemptions and 
non-regulated consumption, 
overall the decline has been 
faster than expected.

• Observations allow an 
estimate of the 
[Anthropogenic/Total]1997 
source fraction: 30 (20-40)%.

Global production reduced



Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions & non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH). 



Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions & non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH)
Assessing the magnitude of land sinks on continental scales. 
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Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Ozone-depleting substances and substitute chemicals

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions & non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH)
Assessing the magnitude of land sinks on continental scales. 
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Measuring Atmospheric Halocarbon Trends at NOAA/ESRL
Research Quality Data Provide Substantial Benefits…

** Observing global changes:
With global sampling networks, custom instrumentation, 

high-accuracy standardization, analysis of air trapped in glacial snow
** Guiding ozone layer recovery & monitoring compliance:  

Is the Montreal Protocol working?  Is ozone recovery proceeding as expected?
When will halogen levels return to 1980 levels?
How are banks affecting ODS emissions and abundances?
How are HCFCs abundances changing in light of recent additional regulations?
How are CH3 Br abundances influenced by exemptions & non-regulated use? 
Will halogen levels overall continue to decline (short vs long-lived drivers)?

** Understanding the underlying causes of observed global changes:
Related to sources:

Quantifying sources on global and national scales.
Quantifying other gases (VSLS) and other processes (ocean, land, biosphere). 

Related to sinks:
Assessing abundance and variability of atmospheric hydroxyl radical (OH)
Assessing the magnitude of land sinks on continental scales. 
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