Testing and improving OMI NO , using
DANDELIONS and INTEX B data
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Solar backscatter measurements (UV to near -IR)
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Retrieved column in scattering atmosphere depends on (a) albedo=0.02

vertical profile; (b) albedo=0.15

need chemical transport and radiative transfer models (c) cloud at 800 hPa



Motivation

« Comprehensive validation of collection 003 OMI NO,

« Campaigns allow retrieval evaluation
- a priori profile shapes

- new OMI-derived surface albedo dataset
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DANDELIONS september 2006

 Clear-sky and fair weather in Cabauw, the Netherlands
» Ground based instruments
- 3 MAXDOAS (different viewing directions)
- RIVM lidar
- Chemiluminescence instruments at 0 m & 200 m
- RIVM aerosol lidar PBL height

« All techniques have specific strengths & weaknesses

INTEX-B march 2006

 LIF onboard DC8
- precise (<0.05 ppb) measurement of in situ NO2
- difficulty in conversion to columns: extrapolation

- aircraft spirals cover multiple OMI pixels

Interference NO,



Pressure (hPa)

Example of validation profile on 4/3/2006

4 March 2006 - 1st spiral
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Difficulty with aircraft profiling

| - Standard procedure: extrapolate
1+ sub columns to (OMI) surface
- level.

} | Mean extrapolated fraction: 13%

£

j - Outlier extrapolated fraction: >50%

O
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NO, mixing ratio (ppbv)

Lowest DC8 pressure: 762 hPa
Average pg,+ (OMI): 803 hPa —




Validation during INTEX -B
DOMINO Standard Product

r=0.74, s=0.9 +/- 0.3 r=0.77,s=0.6 +/- 0.1

» Measurements within 3 hrs

 Largest errors related to below/above aircraft extrapolation

Hains et al., J. Geophys. Res., 2009



Validation during DANDELIONS
DOMINO Standard Product

pixel < 50 km
pixel > 50 km

+

« Measurements within 1 hr
» Average ground-based observations to increase spatial representativeness

 Errors in ground-based observations as large as in satellite observations

Hains et al., J. Geophys. Res., 2009



Evaluating TM4 a priori profile shapes

« TM4 at 3 x2
« Good agreement for a, c, f, ¢

 Too little mixing at Cabauw

Hains et al., J. Geophys. Res., 2009



Evaluating retrievals - profile shapes

Replacing TM4 with lidar NO , profiles

* Increased sensitivity to NO, higher up

e Columns decrease 10-20%

Hains et al., J. Geophys. Res., 2009



Evaluating retrievals - albedo

GOME OMI-GOME

GOME: 10:30 hrs, 1 x 1, minimum reflect.
OMI: 13:30 hrs, 0.5 x 0.5, mode

Replacing GOME/TOMS with OMI albedos
* Increased sensitivity

» Columns decrease by 5-10%

Kleipool et al., J. Geophys. Res., 2009

GOME/TOMS OMI



Overall effect on retrievals

* Improved OMI changes by 0-35% (average: 23%)
» Generally better agreement with validation data

» Anchorage & Mexico City difficult (error in terrain height, extrapolation DCS8,
representativity)

Hains et al., J. Geophys. Res., 2009



Conclusions

NO, profile measurements are extremely useful:
(1) validation measurements (sparse!)
(2) provide clues to improve retrievals
« Satellite NO, retrievals within 40% of independent measurements
» TM4 profiles good for INTEX-B, too little mixing for summertime NL
 Using observed profiles in retrievals improves columns by ~20%

* OMI surface albedo (Kleipool et al., JGR, 2008) is a clear improvement

Discussion

 For profiling of air pollution, we need complete boundary layer (aircraft!)
« CINDI 2009 will be helpful (see talks by Hester Volten, Wesley Sluis)

* Need to evaluate NO, profiles year-round , not just campaigns

Qutlook ...



You are welcome In Vienna 2010!



