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1. Abstract 
At the LISA laboratory, a first method has shown the capacity to observe lower tropospheric ozone down to 3 km of altitude using IASI (Infrared Atmospheric Sounding Interferometer) 

spaceborne spectra in the thermal infrared (Eremenko et al., 2008, Dufour et al., 2012). Then, a new multispectral approach has been developed for observing lowermost tropospheric 
ozone by combining the information provided by atmospheric radiances in TIR observed by IASI and earth reflectances in the ultraviolet (UV) measured by GOME-2 (Global Ozone 
Monitoring Experiment-2), allowing the fist observation of ozone down to 2 km of altitude (Cuesta et al., 2013). The present work is the evaluation of the contribution of visible 
measurements for observing lowermost tropospheric ozone, and the combination with UV and TIR spectra for developing the first multispectral synergism of three spectral bands UV+VIS
+TIR. This method is implemented with simulated observations in order to evaluate the improvements in terms of expected sensitivity and accuracy, compared to existing methods. In order 
to exploit the ozone information from the Chappuis band, the retrieval approach uses spectral micro-windows selected by maximising the ozone information content, thus minimising the 
spurious effects of uncertain variables (water vapour, NO2, etc). Simulations of multispectral retrievals consider realistic atmospheric scenes of an ozone outbreak provided by the 
MOCAGE chemistry-transport model, instrumental characteristics (noise, calibration) and uncertainties in the observed scene (e.g. surface properties, aerosols). The performance of the 
multispectral approaches using three (UV + VIS + TIR) and two bands (UV + VIS and TIR + VIS) is also compared with single band approaches. 
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3. Multispectral sensitivity enhancement 

Using a Tikhonov-Phillips approach adapted for enhancing sensitivity to lower tropospheric ozone, 
both spectra are fitted simultaneously within the instrumental noise of each instrument (IASI and 
GOME-2) for a unique O3 profile and several additional variables (shifts, offsets, cloud fraction, H2O, 
albedo, etc)  
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2. Simultaneous multispectral fitting : IASI+GOME-2 
IASI+GOME-2  

a new joint inversion of collocated IR + UV + VIS spectra 
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The multispectral sensitivity 
of UV + TIR in the LMT peaks 
at 2 to 2.5 km, while sensitivity 
for IASI (TIR only) or GOME-2 
(UV only) peaks at 3 to 4 km 
asl at lowest (above the LMT).  

 

4. Selection of spectral micro-windows by maximizing 
of the ozone information content 
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6. Upcoming works 

à  Adding aerosols in the UV  + VIS multispectral approach (in progress) 

à  Updating the surface albedo database 

à  Development of the multispectral approaches using two bands, TIR + VIS, and three bands, UV + VIS + 
TIR and comparaison of performances of each configuration 

à  Application on actual and futur satellites observations 

5. Summary 

AVK UV + TIR 

AVK UV AVK UV + VIS 

Before Selection After selection 
HO3 6,98 10,36 

DOF (0-60km) 4,7 4,5 
DOF (0-3km) 0,48 0,46 

Mean error (0-60km) 25,6 % 11,7 % 
Mean error (0-3km) 44,0 % 17,2 % 

The multispectral sensitivity 
of UV + VIS in the LMT peaks 
closest to the surface, at 1 to 
1.5 km, and the DOF increases 
0,60 to 0,88.   
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Error associated to all variables 

Covariance matrix of 
natural variability of O3 

Tasks accomplished :  
 
à  Developpment of the method in the Visible band ( research and adding 
of variables with an impact in visible spectra)  

à   Establishment of the multispectral approach using UV + VIS band 

à  Improvement of the UV + VIS retrieval (with the selection of spectral 
micor-windows by maximizing of the ozone information) 

à   Analysis of errors induced by the radiative effect of surface albedo 

UV VIS UV VIS Wavenumbers (nm) Wavenumbers (nm) 

AVK VIS 
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