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. satellite observations of trace gases such as O,, NO,, or SO, provide important s 5 Yo, | : Lo VAR Wi, <o : =g ] mees . Mmany export events are
iInformation on tropospheric composition o NS " . | H o o 00 1 associated to clouds
- clouds interfere with the retrievals and need to be taken into account | £ S ) e sow- + NO, must be above clouds or
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the uncertainties introduced and also on the vertical NO, distribution
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Figure top: Comparison of GOME-2 NO, slant columns for September 2010 using different cloud selection criteria of 0..0.1 (left), 0.1.. Yo 0 10 1 130 a0 150 160 170 180 Yo 0 110 rao 130 o 50 60 170 180

0.2 (middle) and 0.5..1.0 (right). As can be seen, there are only moderate differences between the first two, but much reduced . C|0Udy and clear
tropospheric signals for the last case. Note the occurence of sporadic hotspots over the oceans in cloudy measurements (transport GOMES tropospheric NO, SC 02.10.2010 GOME tropospheric NO, SC 02.102010 ¢ No, observations sometimes
and lightning). A reduction of values is observed for large cloud fractions also in unpolluted regions from shielding of the tropospheric 0 B < - {molec cm”] :
background. represent very different
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. clouds shield the atmosphere below them from view
. clouds enhance visibility of trace gases above them (albedo effect)

GOME-2 Instrument:
- launched on MetOp-A in October 2006
- data since January 2007

. clouds enhance visibility of trace gases in their upper part (multiple scattering) Approach:
_GOME-2 trop. NO, SC 2010: Hongkong o C_)Ioud.fraction dependence Hongkong @ A” data over an area was CO”eCted for a ' ' a ' . AyYa .
- the effect of clouds on the light path depends on cloud fraction, cloud height, NO, sl ] % . = s 2009 and 2010 (unless noted otherwise)
profile, surface reflectivity and aerosol loading ' and grouped into cloud fraction bins _ Cloud fraction dependence Hongkong " £ IUP NO duct ' v cloud
=l | . _ - ~ summer]| e curren product applies only clou
3 - very large scatter is observed even o 1O < i ?
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. the NO, vertical profile in the presence of clouds will differ from that under clear | | strongly polluted regions under clear Sos| screening (cf < 20% FRESCO), no additional cloud
sky because of changes in photolysis, convection, uplifting in frontal systems s il | s I IH'H'UlDIDID conditions => atmospheric variability oo ]cc:orrectlft)n ation of dloud fraction d ; o
oo o o5 o5 0 oo sz o o5 95 1 o - = rom extrapolation of cloud fraction dependence, this
. . . I e >ed SOD al d|fferenc_:es are _obs_erve_d over Sosf leads to ur?derestimations of 23% in sEmmer and 16%
- the satellite observed signal is larger over clouds cities => less vertical mixing in winter M N O - otenot such as Honak
- the interference from surface effects is smaller in cloudy scenes leads to more shielding | | In Win er‘|?\|;er an IIrI] ense Otsp’% such as FHongkong
- clouds can potentially also interfere with the spectral retrieval of NO, Pollution hotspots: 0O 0% RescO dous raction 0.1 SITors Wit be Smatier in Most other Fegions
for individual measurements, errors can be much
. Cloud flraction dlepender]ce Los Al\ngeles i} . Cloud.fraction Idependelnce NevY Delhi ] . _ICIoud frgction delpendenc.:e Paris,.summerl_ | (?Iouclzi fralctior] dep?endlenccla summer Figure: Normalised cloud fraction |arger
T T, | T = tongng ] dependence. Dashed line is extrapolation o _ _
. by eye to 0 cloud fraction, large open . uncertainties in cloud fraction also affect these
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o loud fraction dependence Region 2, Jul L .
) ﬁrz?ﬁ]n; :Ie?iaecilg}/lﬁ\;\gg?d%\n/{i\gg:l:i)rl]zfrﬁfncérnotr:eter ~ [ - rapid Increase of tropospheric NO, slant columns for lower o Clogds have large impact on tropospheric NO, columns over polluted regions
. 80 x 40 km® pixel size | cloud fractlon =>most NO, close to the surface o retrlev_ed slant columns are much I_arge_r for cloud free situations
. global coverage in 1.5 days ~ . effect is most pronounced over hotspots, less over large . effectis Iargest_over hotspots and in wm’ger |
. 09:30 LT equator crossing ' pollute(_j areas (e.q. I-_Iongkor)g vs. East Central China) - over export regions, results vary depending on altl_tude of_cloud_s and NO, Ia;_/er
DOAS Analvsis: II - over biomass burning regions, smaller dependence on - export events are often associated to clouds, leading to biases in results derived
. 4254 97ynm fi Hing window . Regionsused o ba oo o cloud fraction => elevated NO, by cqmblp_mg both types of data- | | |
. soectral sbike corsrgection ., ' - the s_.lmpllfled approach of selecting data with cloud fra_ctlor_] < 20% instead of
. Iigui | wa?er cross.section to remove . Outflow regions: det_alled cloud treatment leads on average to underestimations of about 20% for
. . an intense hotspot such as Hongkong and less elsewhere
interference from water absorptlon 30 _ Cloud fraction dependence Region 1, August __ Cloud fraction dependence Region 3 _ , . Cloud fraction dependence Region 4 GOME:2 rop. NO, SC March 2010: Region 5
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Stratospheric Correction: o
- reference sector over the Pacific (180° - .
220° E), no cloud screening
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. as shown for region 5, individual events of very large NO, are found at all cloud
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