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Abstract. The Langley Plot Method (LPM) is adapted which means that some AOD values can still be influenced
for the retrieval of Aerosol Optical Depth (AOD) values at by scattered clouds. This effect can be seen when comparing
340 nm from Brewer#178 sun scan measurements betweethe calculated monthly mean values of the Brewer with the
335 and 345 nm (convoluted with the band pass function ofAERONET measurements.

the Cimel sunphotometer filter at 340 nm) performed in Uc-
cle, Belgium. The use of sun scans instead of direct sun mea-
surements simplifies the comparison of the AOD values with
quasi-simultaneous Cimel sunphotometer values. Also, thel
irradiance at 340 nm is larger than the one at 320.1 nm due to

lower ozone absorption, thus improving the signal to noise ) . . L

ratio. For the selection of the cloudless days (from now OnAerosoIs_ are particles in the solid or liquid phase that_are sus-
referred to as calibration quality clear days), a new set ofP€nded in the atmosphere and have an important influence
criteria is proposed. With the adapted method, individual©" the atmospheric chemistry and physice¢ymol and De
clear sky AOD values, for which the selection criteria are Backer 2003 Raghavendra Kumar et a2010. They af-

also presented in this article, are calculated for a period fronf€Ct the tropospheric chemical composition, they can reduce
September 2006 until the end of August 2010. These valVisibility and they have |mportant impacts on human health
ues are then compared to quasi-simultaneous Cimel sunphd9er et al. 2009 Lyamani et al. 201Q Raghavendra Ku-
tometer measurements, showing a very good agreement (tH@ar et al, 2010. Aerosols also influence the Earth’s radia-

correlation coefficient, the slope and the intercept of the re-lion budget in a direct, semi-direct and indirect manner. The

gression line are respectively 0.974, 0.968 and 0.011), whicscattering ahd absorption of short and long wave radiation is
proves that good quality observations can be obtained fronf2/led the direct effectRamana.lthan et al200 Kaufman
Brewer sun scan measurements at 340 nm. The analysis &t &» 2002 Andreae et aJ.2005 Myrhe, 2009. The semi-

the monthly and seasonal Brewer AODs at Uccle is consisdiréct effect describes the warming of the boundary layer,
tent with studies at other sites reporting on the seasonal varig!'rough the absorption of radiation by aerosols, which can
tion of AODs in Europe. The highest values can be observed€ad to evaporation of clouds. This will allow more solar
in summer and spring, whereas more than 50% of the wintefdiation to reach the surfacR§manathan et a2001 Ca-
AODs are lower than 0.3. On a monthly scale, the lowestZorla et al, 2009. The indirect effect concerns the ability

AOD are observed in December and the highest values occlff aerosols to act as cloud condensation nuclei which influ-
in June and April. No clear weekly cycle is observed for Uc- €NC€S the microphysical and optical properties of clouds, thus

cle. The current cloud-screening algorithm is still an issue,Changing the radiative and precipitation properties and the
lifetime of clouds Ramanathan et aR001;, Kaufman et al.

2002 Lohmann 2002 Lohmann and Feichte2005 Unger
Correspondence tov. De Bock et al, 2009. Because of a lack of information concerning
BY (veerle.debock@meteo.be) the temporal and spatial distribution of aerosols, they are key
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contributors to the uncertainties in current climate studies55° N; 0-20 E). Seasonal patterns in AOD with maximum
(Andreae et aJ.2005 IPCC, 2007). values in spring and summer and minimum values in autumn
The influence of aerosols on ultraviolet (UV) radiation has and winter are observed in many studibte(eti and Cappel-
received a lot of attention in research, since the impact of UVIani, 2000 Behnert et al.2004 Kim et al, 2006 Esteles
radiation on human health, the biosphere and atmospheri2008 Remer et a].2008 Che et al, 2009 Léon et al.2009
chemistry strongly depends on the characteristics and quarizyamani et al. 2010. Grobner and Melet(2004 studied
tity of aerosol in the atmosphere. An overexposure to UV-Blong-term trends in AOD at Ispra and detected a decrease
radiation can lead to serious health damage for humans sudbetween 1991 and 1997, followed by a stabilization in the
as skin cancer, accelerated aging of skin, cataract, photokAOD values. Kazadzis et al(2007) however, reported on
eratitis (snow blindness) and changes in the immune systera statistically significant (99% level) decrease in AOD for
(Rieder et al.2008 Cordero et a.2009. UV-B radiation = Thessaloniki after 199 Hatzianastassiou et §2009 stud-
also has adverse effects on terrestrial planévifii and Ter-  ied the spatial distribution of AOD over the Mediterranean
amura 1989 Cordero et a.2009 and on other elements of basin and found significant geographical variation of AOD
the biosphereliffey, 1997). The increase of anthropogenic within the study area (e.g. large AOD values over North
aerosols in non-urban areas of the industrialized countrief\frica and smaller values in relatively remote oceanic areas
since the industrial revolution is supposed to have decreasesuch as Crete island).
the biologically active UV radiation by 5 to 18%i( et al, In this paper, we present an adapted and improved method
1991). Accuracy in UV prediction can be improved if the for the retrieval of AOD values. Instead of using the standard
role of aerosols on surface UV radiation is clarifiédng et direct sun measurements from the Brewer instrument dedi-
al. 2008. However, little information is available on the op- cated to ozone retrieval (which are performed at 5 specific
tical properties of atmospheric aerosols in the UV spectralwavelengths) (as i€heymol and De Backe2003, we will
region, compared to the visible spectral ran§elljitto et al, use sun scan measurements between 335 and 345 nm, convo-
2009. luted with the band pass function of the Cimel sunphotometer
To gain a better understanding of the effect of aerosols infilter at 340 nm, to obtain AOD values at 340 nm. This will
the UV, knowledge of the parameters that determine the opallow for a direct comparison between these retrieved AOD
tical and physical properties of aerosols is esserlakfrla  values and the AODs from the Cimel sunphotometer at the
et al, 2009 Kazadzis et a).2009. One of these parameters same wavelength. Information about the used instruments
is the Aerosol Optical Depth (AOD), an integral measure- and the measurement location is included in Sect. 2. The
ment of the combined aerosol scattering and absorption imethod applied for the retrieval of the Brewer AOD values is
the atmospheric columrMulcahy et al, 2009. When as-  described in Sect. 3. The resulting AOD values are compared
sessing the recovery of the ozone layer, knowledge of thevith Cimel sunphotometer measurements in Sect. 4. Also,
AOD is of high importance. Without such knowledge, it the temporal patterns in AOD are discussed and compared to
is very likely that a change in surface UV irradiance is at- results of other studies.
tributed to a change in ozone amount, whereas it could actu-
ally be the result of an increase or decrease in aerosol load.
Several reports have been written on the retrieval of AOD in2 Instruments and location
the UV range. For exampl&aylor et al.(2008 and Corr
et al. (2009 use MFRSR (Multi Filter Rotating Shadow- In this study, we make use of the measurements of a Brewer
band Radiometer) measurements for this retrieval. Researctpectrophotometer and a Cimel sunphotometer. Both instru-
also shows that the standard Brewer direct sun (DS) meaments are located in Uccle, a residential suburb of Brussels
surements allow AOD retrieval at the wavelengths used forabout 100 km from the shore of the North Sea. The prevailing
ozone determination (mainly 320.1 nm). Some authors bas@eteorological conditions will determine whether the station
their retrieval on the absolute calibration of the solar spectrals influenced by sea salt aerosols, by aerosols from urban ac-
irradiance measured by the Brew&afs 1997 Marenco et tivity or by continental type of aerosol®é Backey2009.
al., 1997 Kazadzis et a).2005 whereas others use the Lan-  The Brewer spectrophotometer was developed in the early
gley extrapolation method to determine the absolute calibra1980s to measure total ozone in the atmosphere from UV-
tion of the irradianceKirchhoff et al, 2001 Marenco etal. B radiation Brewer, 1973 Kerr et al, 1988. The instru-
2002 Cheymol and De BackeR003. Arola and Koskela mentrecords raw photon counts of the photomultiplier at five
(2009 discussed the systematic errors in the AOD retrievalwavelengths (306.3, 310.1, 313.5, 316.8 and 320.1 nm) us-
from Brewer DS measurements, which led to improvementsing a blocking slit mask, which opens successively one of
of the conventional Langley Plot Method (e@heymol et  the five exit slits. The five exit slits are scanned twice within
al., 2009. 1.6 s and thisis repeated 20 times. The whole procedure is re-
Several authors studied the spatial and temporal patterngeated five times for a total of about three minutes. The total
in AOD. Both Baumer et al(2008 and Xia et al. (2008 ozone column is obtained from a combination of measure-
reported a weekly cycle in AOD for Central Europe (45— ments at 310.1, 313.5, 316.8 and 320.1 nm weighted with a
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predefined set of constants chosen to minimize the influencéow number of completely cloud-free days, we only applied
of SO, and linearly varying absorption features such as fromthe LPM once for the entire period. The mean calibration fac-
clouds or aerosols3robner and Meleti2004). RMIB (Royal tor (calculated from the individual values for the cloud-free
Meteorological Institute of Belgium) has two Brewers on the days) will be used to calculate the Aerosol Optical Depth for
roof of its building in Uccle (5048 N, 4°21' E, 100 ma.s.l.).  each individual measurement. The basics of this method and
Brewer#016 is a single monochromator Mark Il model that the deviations from the algorithm @heymol and De Backer
was installed in Uccle in 1983. In 1989, the instrument was (2003 will be described here. More details on the LPM can
equipped with an automated azimuth and zenith pointing sysbe found inMarenco et al(2002 and in Cheymol and De
tem, resulting in a higher observation frequenchéymol et  Backer(2003.

al, 2009. Brewer#178 is a double monochromator Mark

1l that was installed in September 2001. In addition to the 3.1 Basic equation

standard observation routines, an additional routine was de- ] )

veloped to be able to determine the AOD at 340 nm with the AN important difference between this work and the one by
double monochromator Brewer. More precisely, the sun scaiN€ymol and De Backef2003 is that the latter uses the

routine was adapted to perform scans between 335nm an@iféct sun (DS) measurements at five specific wavelengths
345nm with slit 1. The measuring wavelength step of this (320.1 nm being the largest) from the Brewer instrument for

sun scan routine is 0.5nm and one scan has a duration c;pe received signal values, whereas here we use sun scans be-

21 s. For comparison with Cimel AOD products, the obtainedWeen 335 and 345nm, convoluted with the band pass func-
spectral data are convoluted with the band pass function ofon Of the Cimel sunphotometer filter at 340nm. The use
the Cimel sunphotometer filter (Full Width at Half Maximum ©f the sun scans is an important improvement that simpli-
of the filter is 4.756 nm) (standard Cimel sunphotometer filterfi€S the comparison of the AOD values, since it is no longer
values; Barr Associates Inc.). The data of this type, availabld'€cessary to extrapolate the Cimel AOD values to the Brewer
since 17 August 2006, will be used for the retrieval of AOD wavelength. Moreover, due tp the convolution with th_e Cimel
at 340 nm. The stability of the Brewer#178 wavelengths hasSUnphotometer band pass filter, we compare physically ex-
been examined and the results show that the stability of thi@Ctly the same quantity. Another advantage is that the inten-
instrument is very gooddrobner et al2008. This justifies sity of the retrlevgd signal at th|§ Wave!ength |s'larger dug to
the application of the Langley Plot Method (Sect. 3) on the € lower absorption by ozone, improving the signal to noise
sun scan measurements of Brewer#178 for the retrieval of2tio- The signal, received by the Brewer instrument, fol-
AOD. lows Beer’s law (using the notations as@meymol and De
The Cimel sunphotometer, which belongs to BISA (Bel- Backer 2003:
gium Institute of Space Aeronomy), is located at approxi- P
mately 100m from the Brewer instrument. It is an auto- 5 = KM)Io(3)expl _““(A’T)Q_mﬂ(k)aj
matic sun-sky scar.ming filter radiqmeter allowing the mea- —8(1)sedza) ], (1)
surements of the direct solar irradiance at wavelengths 340,
380, 440, 500, 670, 870, 940 and 1020nm. These solawith S(1) the received signalk (1) the proportionality fac-
extinction measurements are used to compute aerosol optior of the instrument’s response to the incoming solar radia-
cal depth at each wavelength except for the 940 nm channetjon at wavelengtf, Io(1) the irradiance outside the earth’s
which is used to retrieve total atmospheric column precip-atmosphere at wavelength p the relative optical air mass
itable water in centimeters. The instrument is part of the(the path length relative to that at the zenith at sea level) of
AERONET network littp://aeronet.gsfc.nasa.gpwiolben  the ozone layer at heigh22 km,«a (A, T) the ozone absorp-
et al, 2001). The accuracy of the AERONET AOD mea- tion coefficient at wavelength and temperaturd’, Q the
surements at 340 nm is 0.02¢k et al.1999. equivalent thickness of the ozone layer,the relative op-
tical air mass of the atmosphere in a thin layer assumed to
be at an altitude of 5km for Rayleigh scatterirgy.) the
3 Method Rayleigh scattering coefficientPsyq the standard pressure
(1013.25hPa) P the station pressure (1000 hPajp) the
To derive the AOD at 340 nm from the measurements de-aerosol extinction optical thickness of a vertical path through
scribed above, we apply the Langley Plot Method (LPM), the atmosphere ang the zenith angle of the sun.
in a similar way as described i@heymol and De Backer This law reflects that, while passing through the atmo-
(2003, to the weighted irradiances. The Langley Plot sphere, the direct beam at the top of the atmosphere is subject
Method is a linear regression technique that can be used faio absorption and scattering through three different physi-
the retrieval of the Aerosol Optical Depth from direct radi- cal phenomena: (a) absorption by ozone, (b) scattering by
ation measurements. This method can only be applied omir molecules (Rayleigh scattering) and (c) extinction by
cloud-free days and for each cloud-free day, one AOD valueaerosol particles. The S@bsorption is not considered here,
and one calibration factor (CF) will be estimated. Due to thesince this term is very low compared to the ozone absorption
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term, which is already small at 340nm. To eliminate the 4. The ozone column and its standard deviation are com-
dependence of the AOD retrieval on the effective ozone tem- puted on each group of 5 individual DS measurements
perature, the ozone absorption coefficient is computed us-  for each wavelength. Data are accepted if the standard
ing the effective ozone temperature (asdheymol and De deviation is lower than 2.5 DU.

Backer 2003. This effective ozone temperature is calculated ) ) .

using ozone and temperature profiles from balloon sound- SINCe in our case sun scans are used instead of DS mea-
ings available at Uccle. Since the sun scans are convolutegurements, these criteria have to be adapted. The test done
with the Cimel sunphotometer band pass filter, we should®" the ozone values (4th criterion) loses its significance since

also convolute the Rayleigh scattering and the ozone absor}'€ 0Z0ne observations of Brewer#178 and the sun scans be-
tion coefficients. The convolution was done for the Rayleigh W€en 335 nm and 345 nm are not performed simultaneously.

scattering term and this caused only a small change in the re=/ouds are thus able to influence the irradiance measure-

trieved AOD values with a maximum difference of 0.00023 Ments during the sun scan, while the closest ozone obser-
with respect to AOD values calculated without a convolutegVations (in time) could be made under cloudless conditions.

Rayleigh term. Since the contribution of the ozone absorp_Concerning the 2nd criterion, it has to be mentioned that the

tion term to the computation of the AOD values is very low S&Me SZA range can yield different ranges of air mass for

compared to the Rayleigh contribution, we did not convolutedifferent seasons. Since air mass range is a more important
the ozone absorption coefficient. This would lead to negligi-Parameter for the quality control of the Langley Plots, the

ble changes in the AOD. 2nd criterion was changed so that a minimum range limit was
placed on the optical air mass instead of on the SZA range.
3.2 Langley plot method We will retain the upper value of 3 for the air mass (1st cri-
terion), since at higher air masses the irradiances measured
Taking the logarithm of Eq. (1) gives Eq. (2): by the Brewer become much lower and the instrument be-
P comes much more sensitive to stray light effects. This could
In[S(A)] +Ma(k)9+mﬂ(k)a’ thus bias the AOD measurements. The remaining criteria are
applied to the sun scans instead of to DS measurements.
=In[K (M) Io()]—8(1)sedza) 2) Manually verifying whether the selected days are indeed
Let us define: cloudless showed that these criteria were not sufficient. An
P additional criterion is therefore proposed. It is based on the
Y= |n[5()‘)]+““()‘)9+mﬂ()‘)aj’ @) ratio of the observed and expected irradiance for a certain
day. The observed irradiance is obtained from the sun scans
CF=In[K (M) Ip(M)], 4) between 335 and 345 nm that are convoluted with the band
pass function of the Cimel sunphotometer filter. The ex-
A=5(2), (5) pected irradiance (under cloudless circumstances) is calcu-
lated by the Tropospheric Ultraviolet and Visible Radiation
X =sedzy). (6) Model (TUV model version 3.0Madronich 1993, which

. L uses the band pass function of the Cimel sunphotometer fil-
With Egs. (3-6), Eq. (2) can be simplified to ter at 340 nm. The climatological monthly mean total ozone
Y =CF-A*X @) value and a default constant AOD value (0.7777 as a stan-

Now, one AOD value 4) and one calibration factor (CF) can dard value for polluted air) are useq as |r_1pl_1t parameters for
the calculation of the monochromatic radiative transfer. The

be estimated per day. The quality Of. the linear regression sud optical depth and surface albedo are respectively 0 and
fjepends on the range of the solar.zenlth angles.covered du5.05. If a certain day is cloudless and the atmospheric con-

Ing a cert.am day. Good observations at both high a_md lov(\j'ditions are stable, the ratio of the irradiance should be more

splar zenith angles are needed and the .atmospherl(.: CONGEY less constant throughout the day. For the calculation of

tions must remain stable over the day. This leads to differen he ratio, both the observed and the expected irradiance are
criteria for the selection of the days on which the LPM can '

be applied (calibration quality clear daystheymol et al normalized to their maximum. (Figure 1 shows the calcu-
PP quality clea ) y y " lated ratios for a cloudless and for a cloudy day.) In this
(2009 proposed the following criteria:

context, a day is considered cloudless if the maximum devia-
1. The individual DS data for which the air mass is above tion of the individual ratios (of a day) from the mean ratio is

3 are removed. smaller than 20% (different threshold values were tested, but
the 20% value generated the best results, meaning that the
selected cloudless days were in agreement with the observed
cloudless days).

2. The range of solar zenith angles (SZA) covered by valid
DS observations for one day must be at least 20

3. The number of individual DS data must be at least 50
per day (i.e. 10 sequences of 5 observations).
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1.2 Table 1. List of selected calibration quality clear days from Septem-
ber 2006 until the end of August 2010 with their calibration factor.
1 The mean calibration factor is calculated from these values.
0.8 o
Date Calibration Factor
0.6 6 Sep 2006 18.485
2 21 Sep 2006 18.386
& 0.4 4 Apr 2007 18.463
22 Apr 2007 18.527
0.2 30 Apr 2007 18.599
1 May 2007 18.434
0 2 May 2007 18.646
5 May 2008 18.631
0.2 ‘ ‘ ‘ \ \ 8 May 2008 18.593
6 8 - 1 16 18 11 May 2008 18.649
1 Jul 2008 18.568
29 May 2009 18.692

Fig. 1. Ratio of the observed and expected irradiance for a cloudless
(5 August 2007; in blue) and for a cloudy (20 July 2008; in red) day 15 Aug 2009 18.584
at Uccle. The points that appear as null values are points for which 10 Mar 2010 18.654
the ratio is very small. This can be explained by the influence of 23 May 2010 18.638
clouds, which causes the observed irradiance to be very low. 3 Jun 2010 18.520

This leads to the following set of criteria for the selection within a time period of 5min. It has to be mentioned that
of calibration quality clear days (CCECriteria Calibration  this however does not exclude all cloud-perturbed measure-
Days) for the determination of the calibration factors with the ments. This is shown in the resulting AOD values, some of
Langley Plot Method: which seemed too high to be reliable. As the definition of
e:_simple criteria to detect cloud interference in the UV is com-

plex Ourr and Philipona2004) we propose at this stage only

a manual method to exclude this cloud contamination. The
2. The range of air masses covered by the sun scans foRPPplication of a more sophisticated and automated method
one day must be at least 1. will be the subject of a subsequent study. Figure 2 shows the
scatter plot of the Brewer AOD measurements and the corre-
3. At least 10 sun scans per day have to remain after apsponding Cimel sunphotometer measurements (with a maxi-
plying the first two criteria. mum time difference of 30 min). There is a good agreement

) o S ] between Brewer and Cimel for Brewer AOD values lower
4. The maximum deviation of the individual ratios (of the {han 2. When the Brewer AODs become larger than 2, there
observed and expected irradiance) from the mean ratiqg yiryally no agreement with the Cimel sunphotometer mea-
for a certain day has to be smaller than 20%. surements. Based on this result, we decided to automatically

remove all Brewer AOD values larger than 2 from our results
on the assumption that they were influenced by clouds. No

are calculated for each selected calibration quality clear daf imel values were removed, since these values are already

(Table 1). From this calibration coefficient, the mean value iscloud-screer)ed-. o

calculated which will be used as mean calibration coefficient A set of criteria to select the individual clear sky AOD vgl—
of the instrument. With this mean calibration coefficient, the U€S (from all the calculated AOD values), can now be defined
AOD can now be calculated for each individual observation,(CICA = Criteria Individual Clear sky AOD):

Since we only apply the Langley Plot Method once for the 1. Adirect sun observation must be available for each indi-

entire period, the stability of the calibration factor of the in- vidual AOD measurement within a time period of 5 min.
strument can not be calculated. However, the UV-lamp tests

of the Brewer instrument, showing that the instrumentisvery 2 Each individual AOD value must be lower than 2.
stable, indicate that the same is true for the calibration fac- | arger values are removed from the resuilts.

tor of the instrument. To avoid the influence of clouds that

might remain on the calculated AOD values, we only calcu- The remaining Brewer AOD values were compared to
lated AOD values for the individual sun scans for which a quasi-simultaneous Cimel AODs at 340nm (AERONET
direct sun observation, made with Brewer#178, is availabldevel 2.0 data). Only quasi-simultaneous measurements of

1. The sun scans for which the air mass is above 3 are r
moved.

After applying these criteria, the calibration coefficients

www.atmos-meas-tech.net/3/1577/2010/ Atmos. Meas. Tech., 3, 15882010
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Cimel AOD (340nm)

Cimel AOD (340nm)

0 1 2 3 4 5 6 7 00 02 04 06 08 10 12 14 16 18 20
Brewer#178 AOD (340nm) Brewer#178 AOD (340nm)

Fig. 2. Scatter plot of the Brewer and Cimel AOD at 340 nm (time Fig. 3. Comparison of the Brewer and Cimel AOD values at 340 nm

period for the comparison is 30min). The red curve representstime period for the comparison is 3min). The red curyex) =

fx)=ux. 0.781x + 0.065) represents the regression line of all the data. The
blue curve (f(x) = 0.968x +0.011) shows the regression line of the
data without the outliers.

both instruments (with a maximum time difference of 3 min)

are considered. The AOD values from Brewer#178 at 320 nm

were also compared to quasi-simultaneous Cimel values. Aime difference of 3 min) and with a quasi-simultaneous DS

second order fit of IN(AOD) to Ifk) (using the AERONET  measurement (maximum time difference of 5 min) automat-

data from 500, 440, 380 and 340 nm) was used to estimatécally eliminates most of the cloudy conditions. The scat-

the Cimel AOD values at 320 nm. ter plot of the compared AODs still showed the presence
of a few outliers (highlighted in red in Fig. 3), causing the
rather low correlation coefficient compared to the one ob-

4 Results and discussion tained byCheymol et al.(2009 (correlation coefficient of
0.96 for the comparison between Brewer#016 at 320 nm and
4.1 Comparison between Brewer spectrophotometer Cimel at 340 nm). These remarkable outliers require further
and Cimel sunphotometer measurements examination. We consider a single point in the scatter plot to

be an outlier if the difference in AOD between Brewer and
For the comparison with the AOD values from the Cimel Cimel measurements is bigger than 0.5. This is the case for
sunphotometer, the Brewer#178 sun scan measurements lass than 2% of the compared values which made us question
340 nm from September 2006 until the end of August 2010those individual Brewer measurements for which the differ-
were used. For this period, a total of 16 calibration qual-ence was higher than 0.5. All the sun scan measurements of
ity clear days (Table 1) were selected using CCD (as mendays with an outlier were plotted. Figure 4 shows the theo-
tioned in Sect. 3.2) combined with individual inspection. The retical and the observed relative intensity of the irradiance
mean calibration factor (CF) for these days is5B3+0.089. for a day on which an outlier was present (13 September
With this calibration coefficient, the individual clear sky 2006). The figure clearly shows that the outlier measure-
AOD values (according to CICA) are calculated, using the ment (highlighted in red) is influenced by clouds. This jus-
Brewer#178 sun scans. The applied method resulted in 295fifies the removal of this point from the comparison. Similar
AODs at 340nm for a period from 1 September 2006 tochecks were performed for the other outliers and it turned
31 August 2010. The uncertainty in the calibration coeffi- out that for those outliers, the Brewer measurements were
cient (0.089) causes an uncertainty of 0.08 in the AOD meamade under cloud-perturbed circumstances. Then a com-
surements. Only quasi-simultaneous measurements from thgarison was made excluding these outliers. This resulted in
Brewer and Cimel (level 2.0 data from AERONET) were a much higher correlation coefficient of 0.974. The slope
used for comparison. From the 2951 individual Breweris 0.9684+0.014 and the intercept is@L.1+ 0.006 (Fig. 3),
AODs, only 251 measurements had a quasi-simultaneousonfirming a good linear agreement between the AOD mea-
Cimel measurement. The comparison of the Brewer andsurements of both instruments. The agreement between the
Cimel AODs at 340 nm had a correlation coefficient of 0.860 AODs at 340 nm is better than at 320 nm (Fig. 5), where
(Fig. 3). Selecting only those Brewer AOD observations with the correlation is 0.900, the slopeB63+0.021 and the in-
a concurrent Cimel sunphotometer observation (maximuntercept 0025+ 0.010. This shows that good quality AOD
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Brewer#178 AOD (320nm)
time (UT)

Fig. 4. Sun scan measurements of Brewer#178 on a day for whichFIg' 5. Comparison of the Brewer#178 and Cimel AOD values

] . 2 . Th line is the li i =
an outlier was present (13 September 2006). The green dashed l':%tSz&?irg 025) f)frtiz Clga IZrtisgn Inear regression cunfexy
represents the theoretical values, based on the output of the TUV" ’ P '
model, whereas the black line represents the observed relative in-

tensity of the irradiance. The highlighted points (red and blue) rep- ]
resent the points for which the comparison with the Cimel measure-2utomatically removed from t_he results because the Brewer
ments was done (which means there was a Cimel observation withiffOD values larger than 1.5 did not have a concurrent Cimel
a time period of 3min). The difference between the Brewer andmeasurement. However, for the study of the individual val-
Cimel measurements was larger than 0.5 for the red point, whichues in the whole archive (which are not compared to the
was considered to be an outlier. From this plot, it is clear that thisCimel data) it is required to manually check the data for
outlier measurement is strongly influenced by clouds. cloud-perturbed measurements. For each day with an AOD
measurement higher than 1.5, a plot was made of the mea-
observations can be obtained at 340 nm from Brewer#178 ured irradiances (phot_on C.OUNS). from the Brewer instru-
. ments. If the relative irradiance is much lower than one
sun scan measurements with the proposed method. A com- .
. . would expect, the measurement is perturbed (by clouds) and
parison is also made between the monthly mean AOD val-, .~ = .
. ; the individual AOD value will thus be removed from the
ues (Fig. 7) from the Brewer and Cimel measurements. For : . )
.results. So, next to the automatic cloud-screening (using

. : TICA , @ manual check is done for the individual AOD val-
rather high. For example in March 2008, the mean monthlyues I;rger than 1.5. An objective method to remove obser-

Cimel AOD was 0.16, whereas for the Brewer instrument, the " _ ; )

ations affected by clouds is under development. The outlier

monthly mean was 0.54. For 13 months (out of the analyze ! . ; .

: values from the comparison with the Cimel are also not in-

27 months) the difference between the monthly AOD values . o L
. . cluded in the analyzed dataset. The remaining 2834 individ-

of the two instruments is larger than 0.2. The mean monthly o .

. : ual AOD values were used to study variability on different

AOD values of the Brewer instrument are most likely upper .

g ) o time scales.

limits, since some individual AOD measurements (that con-

stitute to these values) can still be highly biased as a resul

of cloud perturbation. This thus causes the large differences

in mean monthly values between the two instruments. It also

shows that the used cloud-screening method needs furthdfi@ny studies that investigate the seasonal variability of
improvement. aerosols, report high AODs during summer (June, July, Au-

gust) and spring (March, April, May) and low AODs in win-
4.2 AOD variability in Uccle on different timescales ter (December, January, February) and autumn (September,

October, November). In Valencia (Spain), maximum AOD
A total of 2951 individual AOD measurements from values were observed (between 2002-2005) from June to
Brewer#178 were calculated for the period from 1 Septem-September, whereas the minimum values occurred from Oc-
ber 2006 to 31 August 2010 and the values were examiober to February (mainly in December and JanuaBg- (
ined for possible variations on seasonal, monthly and weeklytelles 2008. Behnert et al(2004 observed two peak pe-
timescales. Some of the individual AOD values were ques+iods in the AOD values from Helgoland Island, Hamburg,
tionable, especially the values larger than 1.5. When Breweostende and Lille. They occurred during spring (April-
and Cimel measurements were compared, these values wekday) and summer (July—August). Studies in Ispra (Italy),

.2.1 Seasonal and monthly variability
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W00-02 Fig. 7. Monthly variation in AOD (at 340 nm) at Uccle (based on
data from September 2006 until the end of August 2010). The blue
30%1 line is the mean seasonal value, whereas the dashed black lines rep-
resent the mean valukits standard deviation. For December 2007,
the mean monthly value is based on only 3 individual AOD values
20% (which were accidentally very close). This explains the low stan-
dard deviation for this month. The AERONET level 2.0 monthly
means are shown in red.
10%
0%- - Table 2. List of places mentioned in this article with their latitude
Spring  Summer Autumn Winter and longitude.
Fig. 6. Seasonal frequency distribution of AOD values at 340 nm at Location Latitude  Longitude
Uccle from 1 September 2006 to 31 August 2010. -
Uccle (Belgium) 5048 N 4°21E
Oostende (Belgium) 513 N 2°55'E
. , . Lille (France) 5036'N 306 E
Granada (_Spaln), M’'Bour (Senegal), Gwangju (Korga) and Helgoland Island (Germany) 540N 7953 E
Thessaloniki (Greeqe) a]so show 'hlgh AOD vaIue; in sum- Hamburg (Germany) 534 N 9°56 E
mer and low values in winteMeleti and Cappellan200Q Ispra (Italy) 4549 N 8°38 E
Kim et al, 2006 Kazadzis et a).2007 Léon et al. 2009 Valencia (Spain) 30 N 0°25 W
Lyamani et al. 2010. (The latitude and longitude of the Granada (Spain) 310N  35°35'E
places mentioned in this article can be found in Table 2.) Thessaloniki (Greece) 460N 22°54E
The obtained AODs from Brewer#178 at Uccle are con- Beijing (China) 3959 N 116°19E
sistent with these studies. Figures 6 and 7 display the =~ GWwangju (Korea) 3BIN  12650°E
M’Bour (Senegal) 1658 N 14°23 E

seasonal and monthly variation in AOD values for Uccle.
The highest values can be observed in summer (respectively
0.63(£0.35), 0.59(+0.34), 0.53(+£0.27) and 058(+0.37)
for 2007, 2008, 2009 and 2010) and spring (respectively
0.55(£0.32), 0.58(£0.35), 0.63(+0.38) and 051(+0.30) culation in summer and the production of smog. This re-
for 2007, 2008, 2009 and 2010). In winter more than 50%sults in an accumulation of high aerosol concentrations above
of the AODs at Uccle are below 0.3, which is in agreementmidlatitude regions. Kaskaoutis et al(2007 explain the
with the results fronKazadzis et al(2007) for Thessaloniki,  higher summer AODs at Ispra as a result of the absence of
Greece. On a monthly scale (Fig. 7), the lowest AODs are obwet removal processes. Accordingkazadzis et al(2007),
served in December (respectivelp®+0.02), 0.23(+0.14)  the enhanced evaporation and the higher temperatures dur-
and 021(+0.13) for 2007, 2008 and 2009), whereas the ing summer in Thessaloniki cause a rise in the turbidity of
highest values occur in June 9(£0.38)) in 2007 and April  the boundary layer. Combined with stagnating weather sys-
(0.74(£0.31) in 2008 and 078(+0.41) in 2009). tems, this will lead to the formation of aerosols. In winter,
Possible explanations for the higher summer AODs arethere is a significant amount of wet deposition of aerosols,
given by several authorBehnert et al(2004 attribute the  which will cause a cleaning of the atmosphere and therefore
summer peak values to the slowing down of air mass cir-lower AOD values.Koelemeijer et al(2006 also state that
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0.8 Table 3. Mean AOD values at 340 nm and their standard deviations

071 for each day of the week.

061 Day of the week Mean AOD

0.5 Monday 04940.29

041 Tuesday ®0+0.34
A B wet AOD Wednesday %3+0.32
Q 034 B drv AOD Thursday ®B1+0.35

ry .
02 Friday 052+0.30
Saturday (62+0.36
0.11 Sunday ®B0+0.37

February
September
November

in winter and autumn, could be another explanation for the
lower AOD in winter and autumn compared to summer and
Fig. 8. Mean monthly AOD values (at 320 nm from Brewer#016) SPring where the mixing layer height is thicker. The corre-
for dry and wet days for a time period from 1984 to 2009. lation between the monthly mean mixing layer height and
the monthly mean AOD is 0.701 for Uccle. The correlation
decreased strongly when the daily mean mixing layer height

. e and the daily mean AOD are compared (correlation of 0.196).
high precipitation in winter leads to low AOD values. They Y P ( I )

opserved an anti-correlatior-0.41 for the _rggiqn of Bel- 425 Weekly periodicity
gium and The Netherlands) between precipitation and mean

monthly AOD. We calculated a correlation-€0.24 between  Byumer et al(2009 andXia et al.(20089 observed a weekly

the mean monthly AOD and the monthly percentage of rainaoD cycle in Central Europe. They recorded the lowest val-
days at Uccle for a period between 1984 and 2009. Theyes on Sunday and Monday, whereas higher values occurred
used AOD values are calculated from Brewer#016 observapetween Wednesday and Saturday. This cycle is greater for
tions at 320nm, since our time series from Brewer#178 akhe yrban sites than for the rural sites. For our measurements
340 nm is too short. In order to get a better view of the possi-in Uccle, there is no clear signal for such a weekly cycle (Ta-
ble relationship between AOD and precipitation, we divided pje 3). The largest difference in mean AOD value occurs
the calculated AOD values from 1984 to 2009 in two cate- petween Monday and Wednesday (respectively 0.49 versus
gories, “dry AODs” and “wet AODs", based on the influence ¢ 53). Because of the rather high standard deviation on the

of precipitation on the values. We considered a single AODayerage values, we can not state that this difference is a clear
value to be wet if precipitation was observed on this day orsjgnal of a weekly cycle.

on the previous day. If both days were precipitation-free,

we considered the AOD value to be representative for a dry

day. Figure 8 shows the mean monthly AOD for the dry and5 Summary and conclusions

for the wet days. It can be seen that during late autumn,

winter and early spring (November—April) the dry AODs are Aerosols are the most important source of uncertainty in
clearly higher than the wet values. The difference is less obcurrent climate change researdPCC, 2007). Therefore
vious for the late spring, summer and early autumn monthsknowledge of optical and physical properties of aerosols,
This could be due to the rather frequent occurrence of locakuch as the Aerosol Optical Depth, is essential to gain a
thunderstorms in these seasons, causing only local deposbetter understanding in their effects. In this perspective,
tion of aerosols. Air flowing from other places can transportan adapted method was developed to retrieve AOD values
aerosol masses that were not influenced by these local thurat 340 nm from Brewer#178 sun scan measurements at Uc-
derstorms and the measured AOD can thus be higher thaaole, which allowed for a direct comparison with AOD values
one would expect based on the precipitation associated witfrom the co-located Cimel sunphotometer at the same wave-
the thunderstorms. In winter, precipitation is mainly related length. The retrieval of the Brewer AOD values was based
to the passage of large frontal systems. The wet depositiomn the Langley Plot Method (as describedGheymol and

of the aerosols will thus be spread over a larger region. Ac-De Backer 2003. For this linear regression technique, the
cording toCheymol and De BackgR003, a relation with  calibration quality clear days in the time period for which
a pollution cycle or with a general circulation could be an the AOD is to be calculated, have to be selected. The cri-
explanation of the annual cycle in AOD at Uccle. The sea-teria from Cheymol et al.(2009 had to be adapted so that
sonal variation of the mixing layer height, which is smaller they could be applied on sun scan measurements instead of
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