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1. Global distribution of tropospheric ozone

2. The increase of ozone since preindustrial times

3.  Present and future radiative forcing

4. The need for a comprehensive ozone monitoring network



Tropospheric ozone is a short-lived greenhouse gas with a radiative forcing
comparable to halocarbons.



Huntsville, Alabama, 1999-2006

This figure shows that if a fixed amount of ozone is 
introduced to a 1 km layer of the atmosphere, the 
greatest radiative forcing will occur in the upper 
troposphere.

From:
Forster and Shine, Radiative forcing and temperature trends from
stratospheric ozone change, J. Geophys. Res., 102, 1997.
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8 years of weekly ozonesondes from Boulder, Colorado.

The day-to-day variability can be as great as the weekly variability.

Newchurch et al., Vertical distribution of ozone at four sites in the 
United States, J. Geophys. Res., 108, 2003.



Tropospheric Ozone Sources
Transport from stratosphere:       552 +/- 168 Tg

Chemical Production from NOx, 
CH4, CO, and hydrocarbons:     5110 +/- 606 Tg

Tropospheric Ozone Sinks
Surface deposition:                     1003 +/- 200 Tg
Chemical loss:                             4668 +/- 727 Tg

Tropospheric Ozone burden:         344 +/- 39 Tg (11%) 

Tropospheric Ozone Lifetime:         22.3 +/- 2.0 days

Tropospheric column ozone 
(Dobson units) for the year 
2000.

An ensemble mean from the 
output of 26 atmospheric 
chemistry models.

Stevenson et al., Multimodel ensemble 
simulations of present-day and near-
future tropospheric ozone, J. Geophys. 
Res., 111, 2006.



Historical changes in Switzerland

(from Staehelin et al., 1994, Atmos. Environ. )
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Monthly mean surface
ozone at Arosa, Villa 
Firnelict (1950s) and 
Florentinum (1989-91)
and individual 
measurements (X) at
Florentinum in the
1930s.

[slide courtesy of Sam Oltmans, NOAA ESRL]

Ozone increased by a factor of 2-3 from 1950 to 1990



Trends of N.H. surface ozone data

[slide courtesy of Sam Oltmans, NOAA ESRL]
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Elevated Data sets
Sites slope O3 2000   r2

      (ppbv/yr)   (ppbv)
Lassen   0.46 ± 0.39 45.8 ± 2.4 0.36
Aircraft        0.51                   55.3
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Marine Boundary Layer Data Sets
      sites   slope O3 2000 r2

       (ppbv/yr)   (ppbv)
 4 sea-level   0.50 ± 0.36 39.9 ± 3.3 0.44
      All 5   0.78 ± 0.28 42.9 ± 2.4 0.68

(Data selected to avoid North American influence)

Conclusion: Along the U.S. west coast, springtime O3 has increased by
≈ 0.5 ppbv/yr, i.e. ≈10 ppbv in 20 years or ≈1-1.5 %/yr

[slide courtesy of David Parrish, NOAA ESRL]

Jaffe et al., Increasing background ozone during spring on the west coast of North 
America, Geophys. Res. Letters, 30, 2003

Springtime mean O3 levels have increased on the US west coast



Contribution of anthropogenic emissions to surface ozone
(Lemarque et al., 2005, J. Geophys. Res.)

Anthropogenic emissions 
have increased 
the tropospheric ozone 
burden by 32%.



Gauss et al., Radiative forcing since preindustrial times due to ozone changes in the 
troposphere and the lower stratosphere, Atmos. Chem. Phys., 6, 2006.

Average radiative 
forcing from 10 
chemistry-climate 
models:

0.32 W m-2

(compared to 
0.35 W m-2

IPCC, 2007)



Tropospheric O3, 2000 Current legislation emissions, 2030

Max. feasible emission reductions, 2030 Strongly increased emissions, 2030

6% increase

5% decrease 15% increase

Stevenson et al., Multimodel ensemble simulations of present-day and near-future tropospheric ozone, J. Geophys. Res., 111, 2006.



Tropospheric Ozone burden:  344 +/- 39 Tg (11%) 



Tropospheric Ozone burden:  344 +/- 39 Tg (11%) 
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There are currently 17 sites in the Americas, north of the equator, that 
launch ozonesondes on a once-per-week basis.



August, 2006

Cooper et al., Evidence for a recurring eastern North 
America upper tropospheric ozone maximum, J. 
Geophys. Res., in-press, 2007.

Tropospheric ozone at 
10-11 km as measured 
by the IONS 
ozonesonde network.

Same as above but 
with stratospheric 
contribution removed.



Logistics for a 1-year experiment
- $800 USD/ozonesonde
- 365 sondes per site
- 65 sites

Yearly operational cost = $19,000,000
Additional funds needed for site start-up 
costs and project management



IAGOS
Integration of routine Aircraft 
measurements into a Global 
Observing System

MOZAIC
Measurements of OZone and water 
vapour by in-service AIrbus airCraft
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