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Abstract. Results of an experimental campaign that took 1 Introduction

place in the greater Thessaloniki area were used to inves-

tigate temporal and spatial UV variability within an OMI Ultraviolet (UV) irradiance increase due to the stratospheric
satellite pixel. UV irradiance and aerosol optical depth mea-ozone depletion has been an issue for the past three decades
surements were performed for a one month period at threelue to its link with human health (e.g. United Nations En-
sites characterized as urban, rural and industrial, dependingironmental program, 1998; National Radiological Protec-
on their location and possible local aerosol sources. OMItion board, 2002). Ground-based (GB) measurements of sur-
showed a general UV irradiance overestimation compared tdace UV irradiance have been developed in many countries
all three sites and for all atmospheric conditions. During theand a series of instruments were devoted to UV monitor-
campaign the standard deviation calculated from the threéng purposes (WMO, 2007 and references therein). In addi-
sites for UV irradiance at 324 nm was of the order of 26%. tion, satellite instruments, which allow a global geographical
For cloudless days with high spatial aerosol variability, UV UV coverage, have been also introduced (e.g. Krotkov et al.,
differences reachett20% within the OMI pixel. For cloudy 2002; Tanskanen et al., 2008). Satellite UV measurements
days UV differences up to 100% were found at the three sitesare affected by instrumental errors, similarly to GB measure-
a percentage that depends on the ground-based data integraents (Bernhard and Seckmeyer, 1999). In addition they are
tion time used for the comparison. Here we tried to focus onalso affected by modeling uncertainties in deriving surface
the limitations when trying to interpret results of UV irradi- UV irradiance from backscattered UV measured at the top
ance comparisons between OMI satellite and ground basedf the atmosphere (Krotkov et al., 2001; Tanskanen et al.,
stations, taking into account the UV variability within an 2006). Therefore, satellite validation becomes essential for
OMI pixel, due to such small scale spatial cloud and aerosoknsuring high quality UV irradiance products.
inhomogeneities. Surface UV irradiance is provided by the Ozone Moni-
toring Instrument (OMI), flying on the NASA EOS AURA
satellite, which may be regarded as a continuation of
the measurements by the Total Ozone Monitoring System
(TOMS). OMI is a spectrometer designed to monitor ozone
and other atmospheric species (Levelt et al., 2006). OMI UV
products consist of spectral irradiance at 305, 310, 324, and
380 nm retrieved for the local overpass time and also calcu-

Correspondence td5. Kazadzis lated for local solar noon, as well as of erythemal dose rates
BY (stylianos.kazantzis@fmi.fi) and erythemal daily doses (Tanskanen et al., 2008).
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Satellite ozone and UV data were exhaustively vali- In this work we present the results of a campaign aiming
dated by means of GB measurements, regarding TOMSto measure spectral UV and aerosol optical properties within
(Kalliskota et al., 2000; McKenzie et al., 2001; Krotkov et one OMI pixel, and to discuss possible OMI and GB spatial
al., 2001; Fioletov et al., 2002; Meloni et al., 2005; Arola and temporal related differences. We have tried to focus on
et al., 2005; Kazantzidis et al., 2006) and lately OMI; (Tan- the following aspects:
skanen et al., 2008; lalongo et al., 2008; Weihs et al., 2008;

Kazadzis et al., 2009; Buchard et al., 2008). All these vali- — Linking of possible OMI overestimation of UV irradi-
dation studies converge to the following conclusions: ances levels with the findings of a three and half year
OMI UV validation study (Kazadzis et al., 2009) at the
— At snow-free conditions, satellite-derived spectral UV urban area of Thessaloniki, Greece.

irradiance data are up to 40% higher than the GB data.

| ¢ the bi bet 506 and 20%. Quantification of the effect of aerosol variability within
n most cases the biases range between 5% an b.

an OMI pixel which contains areas that are character-
ized according to the aerosol sources as: urban, indus-

— The smallest biases have been found at unpolluted loca- trial and rural.

tions.
. _ . — Reveal the influence of surface effects on GB and OMI
— The largest relative differences between the satellite-  yv comparison and investigate temporal characteristics
derived and measured irradiances are observed in urban  of UV irradiances measured at three points with differ-
areas and have been attributed to tropospheric aerosol  ent characteristics in terms of aerosol loading, within
absorption not included in the satellite UV retrieval al- the OMI pixel.
gorithm.

All validation results should be treated with caution because2 ~Location and instrumentation
of the different geometries involved. The GB measurements

are representative of only a small area, whereas satellite me%—‘ order to investigate the spatial and temporal differences

surements are representative of a large region (OMI mini-2€tween the OMI UV products and GB measurements, an
mum pixel at nadir 1324 kn?), thus further uncertainties experimental campaign was held from 1 to 30 October 2007

may arise from the cloud or aerosol variability, parametersa;[ T'hess?loniki, Qreec? (40.8, %,2'9) E),ha city V\,’it? a'pop—h
that both affect UV irradiance, inside the satellite pixel area,tation of approximately 1.2 million. The site is facing the
The influence of ground inhomogeneity on the UV retrieval A€9€an Sea to the south and west and is situated along ex-
as well as the representativeness of the derived UV at ongected pathways.through which pollutlon. from central and
OMI pixel is an issue that only few studies have approacheoEaStern Europe influences aerosol loading over the East-

(Weihs et al., 2008). In the work of Weihs et al. (2008) mea- €™M Mediterranean .(Amiridis et al., 2005; Koukouli et al.,
surements within one OMI satellite pixel were used to inves-2006). Aerosol optical depth (AOD) measurement records

tigate the inhomogeneity of UV and so to give hints concern-(KazadZiS etal., 2007) show that AOD values at Thessaloniki

ing possible UV fluctuations. Their results for UV erythemal 262 aré among the highest at European level.

dose variability within one OMI satellite pixel showed de- The OMI surfgce UV algorithm is an extension of the
viations up to+5%, £10% and+50% for cloudless, partly T,OMS UV algorithm developed at NASA Qoddard Space
cloudy and overcast conditions, respectively. Flight Center (GSFC) (Krotkov et al., 1998; Herman et al.,

For the area investigated here Kazadzis et al. (2009) hav gl\ilalg; K;Otkoﬁ\?t ?l" _%r?Ol_; Tanzk?nenﬁls_:t al., 2d00?_). T?e
compared spectral ultraviolet overpass irradiances from OMI| surtace algorithm 1S used for offiineé production o

against ground-based Brewer measurements at Thessalonilgr]e global surface UV datg using as input the OMI TOMS
9 9 . fotal column ozone (Bhartia and Wellemeyer, 2002) and re-

Greece from September 2004 to December 2007. It is .
demonstrated that OMI overestimates UV irradiances byflectgnce at non-absorbing wavelength (360nm). A more
30%, 17% and 13% for 305 nm, 324 nm, and 380 nm respecgeta"ed_ summary of the OMI-UV retrieval can be found in
tively and 20% for erythemally weighted irradiance. Cloud- Kazad_2|s e_t al. (2009). . .

less and cloudy conditions were investigated separately and UV irradiance and aerosol optical properties were mea-

for cloudless conditions aerosols play the most important rolesured at three different locations in the greater area of Thes-

for such deviations. Comparing total column ozone valuessaloniki’ representing different air quality conditions:
retrieved from OMI and GB measurements we found asmall _ ap yrhan area (UA) site situated at the city center, at the
OMI ozone under-estimation in the order of 1.2% (mean). Aristotle University of Thessaloniki (AUTH).

The effect of this difference in the irradiance comparison at

305 nm varies from 2% to 4% for the solar zenith angle range — A rural area (RA) site situated outside a small village
of OMI overpasses and itis negligible for the irradiance com- (Epanomi) situated 26 km to the south of the city center

parisons at higher wavelengths. and well outside the city limits.
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— Anindustrial area (lA) site situated inside the industrial
zone of Thessaloniki (Sindos — EIM), Situated 12 km at
the west of the urban site.

A map of the area, including the three sites is shown in the
following Fig. 1.

For this experimental campaign the participating insti-
tutes were: The Aristotle University of Thessaloniki, the
NASA/Goddard Space Flight Center, the National Observa-
tory of Athens and Raymetrics, S. A. Inc. The campaign was
supported by a series of different instruments measuring a
suite of UV radiation and aerosol related parameters. More
specifically, the following measurements were conducted:

— Spectral measurements of direct and global UV irradi-
ance at the surface performed by two Brewer spectrora-&
diometers at the UA site (instrument and measurementjgs
details in Garane et al., 2006; Kazadzis et al., 2005). &
In addition, global irradiance at 305nm, 310nm and
380 nm (OMI wavelengths) were measured on a minuteFig. 1. Map of greater Thessaloniki area. UA (red dot), IA (yellow
basis, at each of the three sites with three NILU-UV dot) and RA (green dot) sites are shown. City and industrial area
multi-channel radiometers that are part of the Greek“mits are shown with red and yellow lines respectively (Courtesy
UV Network (www.uvnet.g). In additions, NILU mea- of Google Earth NASA Images).
surements at 320 nm were converted to UV irradiance
at 324 nm using simple polynomial functions derived
from the combination of the NILU and Brewer spec-
troradiometer.' All NILU-UV instruments were com- 3 4 Spectral UV irradiance measurements
pared and calibrated before the start, and checked af-
ter the end of the campaign with the help of calibration gyrface UV irradiance measurements with the NILU-UV
lamps and synchronous measurements with the Brewepti-filter radiometers for the three sites and with the
spectroradiometer, in order to maintain comparability of grewer spectroradiometer at the UA site were compared with
their measurements during the campaign. the OMI UV products. The data for both instruments corre-

— AOD measurements at 340 nm with two CIMEL au- SPond to the average of all measurements within a time win-

dow of +£15 min around the OMI overpass time. The spectral

tomatic sun tracking photometers, installed at RA and. " i L
IA sites. AOD at 340 nm was also retrieved from the irradiance measured at 324 nm during the campaign is shown
' in Fig. 2.

Brewer direct spectral irradiance measurements at thé ™ ian d ies includ ix of cloudl
UA site (Bais, 1997). e campaign data series include a mix of cloudless,

partly cloudy and a few overcast cases. According to the
— In-situ measurements of aerosol vertical profiles werework of Kazadzis et al. (2009), OMI exhibits a wavelength
derived from two LIDAR systems operating at UA dependent overestimation of the irradiance at the surface by
and RA sites (instrument and measurement details inup to 30%, 17% and 11% respectively for 305 nm, 324 nm
Amiridis et al., 2005). and 380 nm for all atmospheric conditions.
) ) Mean irradiance differences at 324 nm between OMI and
— Total ozone column was derived from a Brewer single (he ground based instruments at the three campaign sites are
monochromator and cloud observations and sky imagegnown in Table 1.
at the UA site. Cloud observations were performed at  Thg resylts of Fig. 2 and Table 1 show that the main prob-
all sites on a half hour I_JaS|s, and in gddmon sky images|om when comparing OMI and GB measurements for urban
were taken every 15min at the UA site. areas is the OMI UV overestimation as described in detail in
One of the approaches tested was to compare UV irradiance-gansmnen et al. (2008), Kazadzis et al. (2009) and lalongo

derived from OMI with those measured at the three sites, a§eotra(|a.a(czr? (ﬁ)e ;’xgefgrarﬁéavgrgeoglma;;gﬁBpgi)%s?r:imoe&tls

well as with their average, in order to test whether the main LT T .
UA site is representative for the greater OMI pixel area, an doveres'umatlon is similar to the one reported .by Kazadzis et
’ al. (2009) from a three and a half years period of observa-

whether the comparison with OMI is improved when data . . : .
. ; o tions at 324 nm. Results of this campaign period have been
from stations in the vicinity are averaged. o . 4
showed more overestimation for the irradiance at 305 nm and

3 Results and discussion
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Fig. 2. Variability of spectral irradiance at 324 nm for October 2007 ‘

at the three campaign sites as derived from OMI, Brewer and NILU- 0 100 200 300 400 - 500 600

UV. The data for all GB instruments correspond to the average of all OMiIrradiance at 380 nm (MW m nm™)

measurements within a time window &f15 min around the OMI

overpass time. Fig. 3. Comparison of spectral irradiance at 380 nm measured by
three NILU-UV radiometers at UA (yellow), RA (blue) and IA
(green) with the OMI derived irradiance at the same wavelength.

Table 1. Differences in irradiance at 324 nm between OMI and GB The black symbols correspond to the average of the three sites. The

instruments. lines are linear fits on the data and the red line represents the Y=X
function. The data for NILU instruments correspond to the average

Difference of OMI from  Mean bias (%) Standard deviation )1 of all measurements within a time window #fL5 min around the
UA site +15 16 OMI overpass time.
RA site +18 50
IA site +21 31
Average of the three +16 26 field from a totally different spatial approach. It is worth to
2004-2007 average 17 16 mention that rarely the OMI UV products are lower than the

GB measurements. This mainly occurs when there are few
clouds in the OMI grid, so that the OMI cloud correction
is very small, while the direct sun irradiance is obscured by
less overestimation for 380 nm in agreement with the resultss small cloud and is not measured by the instrument at the
in Kazadzis et al. (2009). The day to day UV variability is ground.
large as evidenced by the standard deviation shown in Ta-
ble 1. Most of this variability is due to the presence of clouds3.2 Aerosol Optical Depth variability
in one or more sites. In Fig. 3, the irradiance at 380 nm mea-
sured at each site for all days of the campaign at the timeéDuring the campaign, AOD measurements at 340 nm were
of the OMI overpass£15min) is compared with the corre- performed by 2 CIMEL sun photometers and a Brewer spec-
sponding OMI products. troradiometer when the solar disk was free of clouds. The
From Fig. 3 it appears that at this wavelength there isvariability of AOD during the campaign was high (Fig. 4).
smaller deviation between the ground based irradiance meaFhere were days with AOD higher than 1, periods of atmo-
surements at all sites and the OMI derived irradiance atspheric aerosol loading building up at all three sites, a period
380 nm than the one detected at 324 nm (Fig. 2, Table 1). Unwith Saharan dust intrusion (6-9 October), days with notable
der cloudy conditions, there is a general OMI UV overesti- AOD differences between the three sites (16-18 October)
mation. When comparing instantaneous measurements of thend finally days with extremely low (for the specific area)
NILU-UV instruments (measurements at the exact minute ofAOD (22 October). In order to have a reference for compar-
OMI overpass) with OMI, occasionally and under variable ison, the mean AOD at 340 nm over Thessaloniki during the
cloudiness, OMI reported irradiance values twice as high, atast decade is 0.35 for wintertime, 0.55 for summertime and
least in one of the three sites. These cases are associated af3g8 for October (Kazadzis et al., 2007).
with differences in the timing the sun was visible, during the  Taking into account only quasi synchronous measure-
30 min of the averaged ground based measurements. Undenents (maximum difference of 10 min), the average AOD
such conditions, the comparison is meaningless, as the twdifferences of the rural and the industrial sites from the
instruments (ground based and satellite) sense the radiatiodA site during the period of the campaign were found

Atmos. Chem. Phys., 9, 4598601, 2009 www.atmos-chem-phys.net/9/4593/2009/
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Fig. 4. Aerosol optical depth at 340 nm measured with two CIMEL
sun photometers and a Brewer spectroradiometer at the three cam-
paign sites. Large symbols represent daily averages while thé~ig. 5. Daily averaged profiles of the backscatter coefficient at

smaller symbols correspond to the individual measurements. 532 nm derived from LIDAR measurements at the UA site (Thessa-
loniki) and the RA site (Epanomi) on the 16th (left) and 18th (right)
of October 2007.

respectively-0.07 and 0.01. However, there were cases with

AOD differences of up to 0.45 (corresponding to a relative 3o

difference of 100%). Despite the different characteristics of [ 1°

the three sites with respect to the prevailing aerosol sources, — [---—-—-—--—---§--—-—---—----- ﬁ 7777777777 20

in most cases the AOD seems to follow similar patterns. Es- * il

pecially on 9 October (Saharan dust intrusion event) the AOD
was high at all three stations and this was confirmed also
from the LIDAR measurements. s '; 7777777777

The difference in AOD between the UA and the RA sites £Zo24----------------- oo S N
for specific days are mainly attributed to differences in the € °°:“‘"j? '*é&
aerosol loading inside the boundary layer. To confirm this as- 22 B S SRS SRS T A * ]
sumption we have compared the aerosol backscattering pro-2 ' ' ' '
files at 532 nm derived at the UA site with the AUTH Ra- 14-0ct 15-Oct 16-Oct 17-0ct 18-0ct 19-0ct
man — backscatter LIDAR and at the rural site with the RAY- Day of year 2007
{\(/I)E(;rrRzlg()S#iﬂ(esggtr:e(;bleeDreg}I’?Q%V;rcl:lgczgérsb;?irlgsﬁ fgrcthgig'_ 6. Relative differences of AOD (lower panel) and spectral ir-
two sites showing almost the same contribution in the freer(’?ldlfjlnce at 380 o (uppgr panel) betwgen 'A (red) and RA (blue)

. sites from the UA site during 5 consecutive cloud free days.
troposphere. The optical depth for that day was @208
for the UA and 0.19-0.05 for the RA site. The difference
of about 0.05 in the aerosol optical depth lies within the un- gfternoon of 16 and 17 October lead to differences up to
certainty of the measurements. On the other hand, for th&go in the irradiance measured at the two stations. The diur-
18 October 2007, while the backscatter profiles are very simpg] pattern at the UA site on 17 October that is not found at
ilar in the free tropospheric, the contribution of the aerosolsga and IA sites leads to similar negative UV deviations. On
in the boundary layer is different between the two sites. The14 October, when the AOD at all stations was constant, in the
AOD for that day was 0:20.05 for the UA and 0.180.05  order of 0.1, the UV irradiance measurements from the three
for the RA and this difference can mainly be attributed to the \j_U-UV instruments deviated only by up 3%, which is
contribution of local aerosol sources in the boundary layer ofyithin the instrumental uncertainty. The differences in AOD
the city of Thessaloniki. between the three sites, distributed within an OMI pixel, re-

A closer look at individual days reveals marked AOD dif- sult into marked differences in the measured surface irra-
ferences among the three sites. The UV measurements aiance. However, when comparing measurements from the
380 nm at the three sites showed that such differences caground with satellite overpasses the same satellite estimate
cause deviations of up to 20% when comparing synchronougpplies for all three sites. This suggests that local variability
cloudless sky measurements at the three sites, as shown factors (such as aerosols) that are capable in modifying sur-
Fig. 6. Patterns like the AOD increase at IA site in the face UV irradiance cannot be detected in the measurements
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Fig. 7. Relative difference between OMI derived and ground based,:ig_ 8. Day-to-day variability of the parameter calculated from

iradiance, normalized with the long term absolute difference, meayq 3 giance measurements at 324 nm at all the three sites during the

sured at the OMI overpass time during cloud free days at all threg.ampaign period. Different colours correspond to different aver-
sites (UA crosses, RA triangles and IA circles) and for the wave- 4ging intervals of irradiance around the OMI overpass time. The

lengths shown. The ground based data are averages wi8min |6 (red) dashed line is a limit enclosing 90% (80%) of the relative
from the OMI overpass time. differences between OMI and GB measurements from 3.5 years of
data under cloudless skies.

of a single ground station, while they are taken into account

in the satellite estimates since they affect the average radimanner, causing large differences when comparing OMI and
ance measured by the satellite. Therefore comparisons d¢B measurements among the three locations, as it happens
satellite overpass data with single ground stations may sufafter the 14th of October. Especially for 16 and 17 Octo-
fer from such local variability of aerosols. Such effects may ber, even hourly averages of GB irradiance measurements
result in overestimation of the satellite irradiance, when thediffer by up to 20% among the three sites. The results pre-
measuring site at the surface is located in an urban area sugented in this figure demonstrate the limitations on interpret-
rounded by a rural area within a sub satellite pixel, or viceing the statistics, and particularly the standard deviations,

versa. when comparing GB and OMI UV measurements.
For a more detailed-statistical interpretation of the spatial
3.3 Comparisons with OMI overpass data and temporal UV variability within the satellite grid we used

the parameted denoting the interval from the mean UV irra-

Similar results with those discussed above are observediance ata specific wavelength, that 95% of the total number
when analyzing data corresponding only to OMI 0Verpasses(?f measurements lie within. This parameter was used as a
Figure 7 ShOWS re'ative diﬁerences between OMI derivedmeasure Of the Val’lablllty Of the irradiance at the thl’ee sta-
and ground based irradiance measurements during the carfions within the sub-satellite pixel area:
paign period, normalized with the long term absolute differ- . -
ences that were found for the specific area by Kazadzis ef‘(’\’ D =12x0(D/1(, D]+ 100 @)
al. (2009). The normalization was applied in order to isolatewhere ando are the mean and the standard deviation of
the spatial variability within the OMI pixel, independent of UV irradiance at wavelength, calculated for each day from
the absolute and spectral differences in irradiance. the UV measurements at the three stations averaged:over
As can be seen in Fig. 7, deviations in the first period (1-minutes centred at the OMI overpass time.
6 October) are somewhat higher compared to the rest, asso- The blue line in Fig. 8 corresponds to the lowest averag-
ciated with the higher AOD (see Fig. 4). The gradual in- ing interval &1 min from the OMI overpass time), and the
creasing deviations are due to the continuous buildup of theed line to the largest#30 min). On cloudy days, the pa-
aerosols. For the second period (12—17 October) lower AODrameterA is higher than 40% exceeding 100% in two cases
led to smaller differences. This is because the OMI UV ir- with the highest cloud-induced variability in irradiance over
radiance retrieval is practically unaffected by aerosols withthe area. As seen in Fig. 8, the fluctuations of the measured
optical depths of the order of 0.1 (as e.g. in 14 October).UV irradiances for cloudy conditions are larger. This can
As it has been repeatedly reported, the main problem in thde explained mainly through differences in cloud cover and
OMI UV retrieval is the presence of absorbing aerosols in thecloud reflection at the different measurement sites at the same
lower troposphere (e.g. Arola et al., 2005). Aerosols in thetime. For the specific campaign the number of days with
boundary layer do not buildup in a spatially homogeneousvariable or overcast cloud conditions was limited. Similar

Atmos. Chem. Phys., 9, 4598601, 2009 www.atmos-chem-phys.net/9/4593/2009/
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work of Weihs et al. (2008) showed under partly ClOUdy con- Average UV variability of October 2007 for OMI overpass time
ditions the satellite UV-values are, on average, in the order 30 - : - - -
of 30% higher than the ground observations. The ratio OMI
to ground UV becomes even larger for overcast conditions. 28}
The satellite overestimates the observed ground values by
more than 50%. However, it is difficult to determine partly . 26}
or overcast conditions for a number of stations since having <
overcast conditions in one location and broken cloud condi- < 24}
tions in another, is the case that causes the larger uncertain-
ties even when integrating irradiance measurements for large 22}
time intervals.

For cloudless cases, the parametdrecomes larger (up to 20
~18%) when large deviations of AOD were observed (days
290 and 291). It should be noted that the comparison of
3.5 years of OMI and Brewer measurements (Ka;adzlls.el.__ig. 9. Average surface irradiance variability at 324 nm from all
al., 2009) showed that 9,0% of the cloudless days “e, W'Fhmthree sites and for the entire campaign period for different averaging
+18% from the mean difference. The observed variability ,;arvals.
during the campaign suggests that it is difficult to find agree-
ment between OMI and GB irradiance on a level of a few

per cent, even for cloudless cases, due to the spatial variabilyay s the variability is attributed to spatial variations in the
ity of UV irradiance inside the OMI pixel. This holds unless ,,.q50) optical depth in the ¥25 km grid of the campaign

there is a proof that within the sub-satellite pixel there are Nog;io5 which is similar in size to the OMI sub-satellite pixel.

major differences of the columnar AOD and aerosol absorp- For days with cloudy conditions, large UV irradiance dif-

tion properties. These conditions rarely occur inside pixels 0 .
containing urban areas. ferences of up to 100% were found among the three sites, de-

The comparison of the average UV irradiance from thepending on the averaging interval used in GB measurements.

three stations with OMI at all wavelengths (here shown only Especially for partly cloudy cases, the bresence of clouds in
g . the path between the sun and the GB instruments can cause

for 324 nm) is improved especially on cloudy days whenus-_ ~.F = == =" . :

. . - major difficulties in quantifying the differences between the

ing larger averaging intervals. The average UV variability for

the whole period, (expressed again with tnparameter) for OMI and GB measurements. Longer averaging intervals for

. AT L the GB measurements can improve the statistics of the com-
different averaging intervals can be also seen in Fig. 9. Here

A, 1) represents the meat(=324, t) averaged for all 30 parison. Especially under cloudy conditions, UV instruments

. ) o with high frequency measurements (e.g. multi-filter radiome-
days of the campaign for different averaging timgsentred : . .
. ters or broadband detectors) provide more important infor-
at the OMI overpass time.

. . . mation than scanning spectroradiometers for satellite valida-
Figure 9 suggests that comparing OMI with GB measure- g sp

i s tion. Because of the importance of clouds in modifying the
ments averaged for up to 10 min, the parametas rather P fying

) . UV irradiance at the surface, weather patterns favoring the
0, 0 -
constapt ranging between 29% and 30%. qu 60 min aVergeneration of local clouds should to be taken into account
aging (i.e. within 30 min from OMI overpass timd) drops

. for choosing the location of a GB station used for satellite
to 20.7%. Weather conditions and the length of the measure; .. tion 9

ments period play an important in the statistics. Similar anal- . . )
The three GB sites, where UV irradiance and AOD mea-

ysis in the summertime (with only a few cloudy days, thus . )

fewer possibilities for high UV variability inside the OMI Surements were performed, are characterized by different

pixel) would lead to lower values. On the contrary, in ar- aerosol sources (urban, industrial and rural). At some cloud-
: less cases it was found that spatial aerosol optical depth dif-

eas with more clouds the UV variability is higher (higher : ;
values). The month of October 2007, for the area of Thesferences among the three sites can cause differences of up to
20% in UV irradiance. This shows the limitation of the OMI

saloniki, was a well mixed period, in terms of weather con- s ! ]
V validation due to such small scale spatial aerosol vari-

ditions, including cloudless and cloudy days, but also daysU - ;
with different aerosol load. ability, even without the presence of clouds. For such cases

the location of a single station that could be used for satellite
validation would randomly affect any OMI UV validation at-
4 Conclusions tempt aiming to better accuracy.

Comparison of 3.5 years of GB spectral measurements
The experimental campaign that took place in the Thessawith OMI UV spectral products (Kazadzis et al., 2009)
loniki greater area in October 2007 showed high day to dayshowed that 87% to 92% (depending on wavelength) of all
UV variability mostly due to clouds, whereas for cloudless cloudless cases lie withitt20% from the mean long term

10 20 30 40 50 60

Averaging Interval Time (min)
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