
Distribution and Variation 
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their chemistry (Jennifer)

Part II: Satellite retrievals of trace gases (Eric, 
Xiaozhen)



Part I

Trace Gases
O3, CO, CO2, H2O, CH4, HNO3

Major chemical reactions
Distribution
Lifetime
Correlation



Is ozone good or bad?



Ozone Formation

O2+O+M O3 + M

In Stratosphere:
O2+ hν (λ<242nm)
O + O

In Troposphere:
NO2 + hν (λ= 290 
~ 400 nm) 
NO + O



http://haloedata.larc.nasa.gov/browse/index.php



Hydroxyl Radical (OH)

produced from ozone photolysis

for radiation with wavelengths less than 320 nm:
O3 + hv ≡ O(1D) + O2

followed by

O(1D) + M ≡ O(3P) + M (+O2≡O3)      (~90%)
O(1D) + H2O ≡ 2 OH· (~10%)

•OH initiates the atmospheric oxidation of a wide range   
of compounds in the atmosphere
•referred to as ‘detergent of the atmosphere’
•very reactive, effectively recycled



http://haloedata.larc.nasa.gov/browse/index.php



Oxidation of CO (O3 production)



http://www.eos.ucar.edu/mopitt/data/plots/mapsv3_mon.html



Tropospheric tracer
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Tracer relationship

O3-CO

O3-CO

O3-H2O

O3-H2O

( Pan et al., 2004, JGR)



CH4 Chemistry





SCIAMACHY Column Averaged of  CH4 over Aug-
Nov (Frankenberg et al., 2005)



Vertical Distribution of Trace Gases

Brasseur and Solomon, 1988



Chemical Lifetime



HNO3 Chemistry (NOx reservoir)

Lifetime: < 1 day in boundary layer
~ 1 month in upper troposphere





Part II Satellite Retrievals

Q: How to convert radiances to trace 
gases? (level 1 to level 2)
– Trace gas spectra
– Instrument type
– Interference by other species
– Contamination (clouds, aerosols…etc)
– Validation



AIRS Retrievals of Trace Gases
3ox3o Monthly Average



SCIAMACHY Column Averaged of  CH4 over Aug-
Nov (Frankenberg et al., 2005)



H2O

http://vpl.ipac.caltech.edu/spectra



HNO3 interference 
(Spectral overlap with H2O and CH4)

•Impact on surface emissivity retrieval:  
mainly a high latitude issue

•Affects regression (surface emissivity? 
over desert area?)

•CH4/H2O interference at poles





800 900 1000 1100 1200 1300 1400 1500

−5

−4

−3

−2

−1

0

1

2

3

4

5

UMBC .rtp Uniform Clear/Ocean ECMWF vs. AIRS Observations

Wavenumber, cm−1

∆B
T

, K

lat  : −62.6

lat  : −45.0

lat  : −24.9

lat  : −4.0

lat  : 3.1

lat  : 25.4

lat  : 43.0

lat  : 62.3

HNO
3
 (dq

L=1,100
 = 100%)



HNO3 interference

L. L. Strow (AIRS Science Team Meeting)



L. L. Strow (AIRS Science Team Meeting)





The End


