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Introduction

« clouds affect the remote sensing of trace gases in the atmosphere Effects of high albedo below clouds

« three competing effects occur in the radiative transfer
« albedo effect above the cloud * light path enhancement should be visible in observation time series over scene with
» shielding of trace gas within and below the cloud variable albedo
+ light path enhancement by multiple scattering within and below the cloud  over bright surfaces, trace gases below clouds can still be detected by satellite

- over bright surfaces, trace gases below clouds may still be detected — explains e.g. observation of BrO over the Arctic regardless of clouds

« observations of trace gases mixed with clouds may be enhanced
— challenge and opportunity for analysis of scenes influenced by convection
* e.g. long range transport of pollution which is linked to frontal systems
« compensating effect has been confirmed in O,-O, observations at high latitudes
O,-O, has a known profile, strongly peaking in the troposphere
— showcase gas for light path enhancement
— see poster: http://www.doas-bremen.de/posters/cospar 2010 zien.pdf

« compensation of shielding and light path enhancement can be seen in satellite data
« correlation of cloud cover and observed column
« 0,-0, allows analysis of this effect, having a known and suited vertical profile
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* high albedo on cloud top
« shielding of radiation from atmosphere below the cloud

» back-and-forth scattering between cloud and bright surface (light path enhancement) * snow-iree: correlation coefficient r = -0.289

— significant correlation between observed column and cloud fraction
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Block Air Mass Factor * Precise vertical profile of trace gas and cloud needed for detailed analysis
— the vertical distribution of BrO « Effects of clouds over bright surfaces can be seen in satellite data
the Trace gas has a 40— - showcase gas O,'0,: strong sensitivity to albedo
significant effect on the | — e=w0°, coudy|| |— = ||| — a=010, cloudy| » NO,: weak correlation between observed column and cloud cover
sensitivity of the 3.3 . e | — =2 - = 4=0.80 :
easurement S | R . u—080, cloudy  over bright surfaces, trace gases may be detected below clouds
3.0r-- o= J I L T | ‘ » challenge and opportunity for remote sensing under cloudy conditions
E — @iSOO, cloudy umess noted — aiO.QO, cloudy
$2.50 7 o= T otherwise: ~§ T T e=o®
— — ©=85°, cloudy =09 — a=0.95, cloudy
q) . . L : . . . . . .
S Selected References
<

Vasilkov, A.P. et al., What do satellite backscatter ultraviolet and visible spectrometers see over snow and ice? A
study of clouds and ozone using the A-train, Atmos. Meas. Tech., 3, 619-629, 2010
Kokhanovsky, A.A., Rozanov, V.V., Retrieval of NO, vertical columns under cloudy conditions: A sensitivity study
based on SCIATRAN calculations, Atmospheric Research, 93, 4, 695-699, 2009.
§ § ¥ § § : ,'§ Koelemeijer, R.B.A. et al., A fast method for retrieval of cloud parameters using oxygen a band measurements from
0.0 | | ; . . :i u ! l & | the Global Ozone Monitoring Experiment, Journal of Geophysical Research, 106, 3475-3490, 2001.
. Beirle, S. et al., Sensitivity of satellite observations for freshly produced lightning NOx, Atmos. Chem. & Phys., 9,
O 1 2 3 4I0k1'2 34 012 3 45 1077-1094. 2009,
Block Air Mass Factor O'Byrne, et al., Surface reflectivity from OMI using MODIS to eliminate clouds: effects of snow on UV-Vis trace gas
retrievals, J. Geophys. Res., 115, D17305, doi:10.1029/2009JD013079, 2010.

Comparison of BAMFs for varying solar zenith angle,
optical thickness and surface albedo at a wavelength of A =
435 nm for NO, and A = 350 nm for BrO.

Acknowledgements

« GOME-2 and SCIAMACHY radiances have been provided by EUMETSAT and ESA, respectively
 Parts of this project have been funded by the INTAS DFG project and the University of Bremen

@ Universitat Bremen

www.doas-bremen.de





