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Abstract. Spectral Ultraviolet (UV) measurements using a 1 Introduction
Brewer MKIII double spectroradiometer were used for the
determination of the aerosol forcing efficiency (RFE) un- Aerosols modify the Earth-atmosphere energy budget
der cloud free conditions at Thessaloniki, Greece for the pethrough various atmospheric processes such as the direct ef-
riod 1998-2006. Using measured spectral UVA irradiance infect by scattering and absorption of the solar and earth’s ra-
combination with synchronous aerosol optical depth (AOD) diation (e.g. Charlson et al., 1992), the semi-direct effect by
measurements at 340nm, we calculated the seasonal anghanging atmospheric thermodynamics and cloud formation
the percent RFE changes with the help of radiative transfefe.g. Koren et al., 2004), and the indirect effect by chang-
model calculations used for cloud and aerosol free conditionsng cloud microphysics (Rosenfeld and Lensky, 1998). The
reference. The calculated RFE for the 325-340 nm waveimpact of aerosols to the Earth’s radiation budget is a major
length integral was found to be0.71:£0.30 W nT?/rszs0nm  component of global and regional climatic patterns, influenc-
and corresponds to a mean calculated RFE% value ofng processes in the troposphere (Yu et al., 2002), the hydro-
—15.2%+3.8% (20') per unit of rsz4onm for the whole pe-  logical cycle (Ramanathan et al., 2001), and surface temper-
riod. This indicates a mean reduction of 15.2% of the 325—atures over the globe (Charlson et al., 1992). The cooling by
340 nm irradiance for a unit of aerosol optical depth slantanthropogenic aerosols may be comparable in magnitude to
column increase. Lower RFE% was found during sum-greenhouse gas warming on a global scale but can be much
mertime, which is a possible indication of lower absorbing larger on a regional scale (Intergovernmental Panel on Cli-
aerosols. Mean AOD slant at 340 nm for the city of Thes-mate Change (IPCC), 2001). However, uncertainties remain
saloniki were processed in combination with RFE% and asubstantial for the direct and for the indirect effect (IPCC,
mean monthly UVA attenuation of10% for the whole pe-  2007).
riod was revealed. The nine years’ analysis results showed | the past decade several papers suggested a reduction
a reduction in RFE%, which provides a possible indicationof solar irradiance, reaching the surface of the earth un-
of the changes in the optical properties over the city area. lfger cloudless conditions caused by anthropogenic aerosols
such changes are only due to changes in the aerosol absorf-iepert, 2002). Further studies have shown that over Eu-
ing properties, the above finding suggests a 2% per decade ifppe and N. America the negative tendencies in solar radia-
crease in UVA due to changes in the aerosol absorption proption have reversed in the past decade as a result of improving
erties, in addition to the calculated increase by 4.2%, whichgj, quality (Wild et al., 2005). AOD records from six re-
is attributed only to AOD decrease at Thessaloniki area ovefnote locations in Europe confirmed the recent clearing of the
the 1998-2006 period. air, particularly in the lower troposphere, showing a 60% de-
Keywords. Atmospheric composition and  structure c!ine of AOD and hence anthropoge_nic a_\grosol concentration
(Aerosols and particles) — Meteorology and atmospherics'nce 1986 (Rgckstuhl et al'.’ 2008; Ph|||p<_)na et al.., 2.009)‘
dynamics (Radiative processes) They also conflrme_d increasing atmospheric transmission by
surface solar irradiance measurements at a large number of
stations in Northern Germany and Switzerland since 1981,
showing significant global radiation increases. Most of these

Correspondence tdS. Kazadzis results were derived using the visible component of solar ir-
BY (stylianos.kazantzis@fmi.fi) radiance. Also in the UVA range, where the radiative transfer
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is much more sensitive to aerosols, the change in solar radiras been used in a number of publications including cloud-
ation correlates well with increasing anthropogenic activitiesless Brewer measurement analysis and is based on the vari-
(zerefos et al., 2000; Balis et al., 2003; Gerasopoulos et al.ability of the measurements from a collocated pyranometer.
2003). Measurements of the aerosol optical depth (AOD) have
The radiative effect of aerosols in the atmosphere observetieen conducted in Thessaloniki, since 1997, a city with a
is currently examined using radiative transfer calculationspopulation of approximately 1.2 million. The site is facing
with AOD as the sole changing parameter for the characthe Aegean Seato the south and is situated along the expected
terization of any possible relationship between the radiationpathway through which pollution from central and Eastern
trend and the aerosol variability. Changes in the absorbing=urope influences aerosol loading over the Eastern Mediter-
properties of aerosols in a global scale would add significanranean (Amiridis et al., 2005). The retrieval of AOD is based
uncertainty in any future trend analysis of solar radiation.on the absolute calibration of the solar spectral irradiance
This is because the direct radiative effect of aerosols is alseneasured by the Brewer (Bais, 1997; Kazadzis 2005). The
very sensitive to the single scattering albedo (SSA), which isuncertainty analysis of the AOD retrieval using the MKIII
a measure of the probability of a photon being scattered intd3rewer showed an error on the AOD which is estimated to
some direction rather than absorbed when interacts with amvithin 0.07 in the UV-B and 0.05 in the UV-A for mea-
aerosol particle. For example, a change in SSA from 0.9 tesurements at solar zenith angles between 15 and 75 degrees
0.8 can often change the sign of the direct effect, dependindgKazadzis et al., 2005). This error is the result of the propa-
on the albedo of the underlying surface and the altitude of thegation of errors due to the direct irradiance measurement and
aerosols. (IPCC, 2007) In this work, we investigate the pos-calibration uncertainties, the determination of the extrater-
sibility to quantify how UVA radiation trends can be linked restrial spectrum, and the measurement of ozone and SO
with the aerosol optical depth variability. Additionally, we Local emissions and regional pollution transport contribute
examine the possible effect on UVA radiation from possi- to the poor air quality of the city which is reflected mostly in
ble changes of the SSA. We quantify the use of aerosol opparticulate matter (PM) concentrations. The 24 h limit values
tical depth trends and their impact on solar irradiance levelgor PMzg (501gr/m?) are exceeded for more than half of the
taking into account also annual AOD patterns, using grounddays during a year in the city centre’s environmental moni-
based irradiance and AOD measurements performed in Thegoring sites. The amount of aerosols in this location is quite
saloniki, Greece during a nine year period (1998-2006).  high, with a annual mean AOT at 340 nm equal to 0.45 and
monthly values ranging between 0.3 and 0.7, for winter and
summer months, respectively (Kazadzis et al., 2007).
2 Measurement data The cloud-free UV irradiance values were calculated with
the UVSPEC model (Mayer and Kylling, 2005). The radia-
The UV monitoring station at Thessaloniki has one of thetive transfer model (RTM) equation was solved with the dis-
longest records of spectral UV irradiance measurementsgrete ordinates algorithm (Stamnes et al., 1988), using six
from a single and a double Brewer spectroradiometers. Irstreams and pseudospherical correction. The Air Force Geo-
this study we are concerned for spectral measurements of sghysical Laboratory US standard atmosphere profiles (An-
lar ultraviolet (global) irradiance on a horizontal surface. Thederson et al., 1986), were used for ozone, temperature and
measurements were performed by a Brewer (MKIII #086)air pressure. According to Kazantzidis et al. (2005), pos-
spectroradiometer, which operates on a regular basis at th&ble uncertainties for the UVA spectral region and for so-
Laboratory of Atmospheric Physics, University of Thessa-lar zenith angles lower than 60 degrees are less than 1%.
loniki, Greece, since 1993. The instrument is positionedThe high resolution ATLAS-3 solar spectrurftp(//susim.
on the roof of the Physics Department building (40.83 nrl.navy.mil/pub/atlasBwas used. The type of landscape
22.96 E, at 60m a.s.l.), in the city center of Thessaloniki. suggests a relatively small surface albedo, thus the constant
The instrument has participated in a large number of experivalue of 0.03 was used for the whole UV region. The Elter-
mental (Thiel et al., 2008) and intercomparison campaignsman’s (1968) vertical profile, scaled to match the measured
(e.g. Bais et al., 2001; @bner et al., 2006). The abso- optical depth at 340 nm, was used to describe the aerosol ver-
lute calibration of the global irradiance spectra is achievedtical distribution. Mie calculations were performed to gener-
through the use of 1000 W standards of spectral irradianceate a phase function that corresponds to urban aerosol type,
traceable to the National Institute of Standards and Techas described by d’Almeida et al. (1991). This phase function
nology standards, following internationally acceptable pro-results to an asymmetry parameter of 0.7 at 340 nm, which
cedures. The uncertainty in global irradiance measurementsas assumed to be constant with altitude for all days consid-
is estimated to withint4%. More details on the instrument ered. A comprehensive analysis about the introduced uncer-
characteristics, the calibration history and the quality controltainties on model calculations, due to the above-mentioned
of the measurements can be found in Garane et al. (2006 assumptions, could be found in Bais et al. (2005).
For the selection of the cloud free measurements we used the
methodology described in Vasaras et al. (2001). The method
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3 Methodology

The aerosol radiative forcing efficiency (RFE) is defined
as the rate at which the irradiance at a certain wavelength
range is “forced” (changing) per unit of aerosol optical depth
(zaop) (Bush and Valero, 2003). In this study, the irradiance
changeDI was calculated as:

DI; = I; — Ml 1)

E% (325-340nm)

wherel; andMI; are the integral of 325-340 nm wavelength
range calculated from the Brewer measurements for cloud
free conditions and from the RTM for the same solar zenith !
angle and aerosol free conditions, respectively. }
Most of the studies relating solar irradiance changes with 0 i | i

aerosol changes, present results of solar irradiance in the vis 0 05 1 15 2
ible wavelength range. In this work we chose to analyze UV-
A irradiances, which are much more sensitive to aerosols

L

Rl

. . . i i 9 irradi -
a major factor affecting the down-welling solar radiation, Fig. 1. Percent change (%) of the irradiance at the 325-340nm
wavelength integral versus the AOD slant. Data represent measure-

which correlates well with increasing anthropogenic activi-

. o . ments of June—August 1998.
ties. More specific we have chosen the 325-340 nm integral, g

as we would like to avoid analyzing UV-B wavelengths that

are affected by ozone changes and could introduce additional

uncertainties to the results. Also, measurements higher thal{!r& month period data (e.g. Fig. 1, summer RFE is calcu-
350 nm that are performed on a different slit with the Brewer 12t€d from June, July and August data for every year). The

spectroradiometer. Finally, we wanted to avoid analyzingRFE% were calculated using the Garcia et al. (2006) bin
single wavelength irradiance analyses. analysis. Summarizing, the seasonal RFE% under cloudless
AOD was calculated from direct sun spectral measure-conditions was calculated through the slope method limiting
ments averaged withi#:15 min from each of the UV global the analysis to solar zenith angles less than 60 degrees. This
iradiance measurement. For the determination of RFEs, th&gression fitwas computed by seasons dividing the range of
AOD in the slant path (AODs ors) was calculated, when the instantaneous aerosol optical depth in bins of 0.1, previ-
normalizing the retrieved AOD with the air mass factor for ©USly normalized with the cosine of sza (AOD in slant) to
each measurement (Garcia et al., 2006). In addition, th&onsider the effect of the optical path. Also, a minimum
percent RFE (RFE%) was calculated. RFE% is defined adumber of cases per bin was established, 2.5% of the total

the percent change of the irradiance at the given wavelengtAata set for station. The fact that cloud free measurements
range per unit of AOD. of UV irradiance during wintertime (December—February)

are limited, thus the minimum number of cases per bin was
RFE%= 100 DI @ not _accomplished, in addition to the criterion of using solz_ir
MI zenith angles lower than 60 degrees, lead to the exclusion

The methodology described in Garcia et al. (2006) was used®f these periods from the analysis. The coefficients used for
for data analysis. The monthly aerosol forcing efficiency un-monthly analysis were lower than the ones for the seasonal
der cloudless and snow-free surface conditions was calcuPeriods (70% of the latest were higher than 0.75). The num-
lated through the slope method, limiting the analysis to solaer of measurements varied from 650-1050 for the summer,
zenith angles (sza) less than 60 degrees (Jayaraman et a$20—450 for spring and 250-410 for autumn depending on
1998) Summarizing this approach, the regression fits Weréhe year. These numbers are direCtly related with the avail-
computed by dividing the range of the instantaneous AoDability of cloud free days per season and also gaps in the
in bins of 0.1, previously normalized with the cosine of sza Measurement periods linked with the participation of the in-
(AODs), in order to consider the effect of the optical path. Strument in campaigns away from the monitoring site. An
Also, a minimum number of cases per AOD bin accepted forexample of the RFE% calculation for summer of 1998 is
the calculations were set to be 2.5% of the total UVA spectraishown in figure where RFE% versus AODs is presented. The
measurements. These fit conditions provide the same weigfRFE% calculated from all data are11.44%# S3a0nm and
for every bin in the regression model avoiding the greater—11.40%fSza0nm respectively. The correlation coefficient
weight for the smallest AOD slant, whereas the points usedf the bin analysis is equal with0.99.
have statistical significance. The uncertainties related with the RFE and RFE% are
RFE and RFE% values were calculated using monthly andinked with the ones mentioned for spectral UV measure-
seasonal measurement data sets, where seasonal is definedvants and AOD determination reported in Sect. 2.
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Fig. 2. Mean AOD (blue) and AODs (black line and symbols) values at 340 nm measured from 1998-2006 at Thessaloniki. The 95th
percentile values of the mean AODs are also shown.

4 Results ing summertime. However, maximum values of AODs were
still observed in the summer months and especially in Au-
Monthly average RFEs at different wavelengths, de-9ust (0.9). Precipitgtion is a parameter that also determines
rived from multi-year analysis (1998-2006), were cal- the seasonal variation of AOD values in the area and gener-
culated at Thessaloniki. The calculated values ofallyinthe Mediterranean basin. Thus, the high summer AOD
RFE for the 325-340nm integrals were found to be values are related to the low precipitation over the Mediter-
—0.71£0.30 W nT%/z340nm  LoOOKiNg at seasonal differ- ranean owing to the deflection of tracks of depressions by
ences, the RFE values for spring, summer and autumn, wer&€ northward shifted Azores anticyclone, whereas the lower
~0.81, —0.65, —0.76 W nT2/t340nm respectively. These Win'Fer AOII_) values are dete_rmined by high precipitation as-
numbers suggest that aerosols with lower absorption properSociated with deep depressions traveling across the basin (Pa-
ties are present for the summer months over the site. Similapadimas etal., 2008). In that study, the satellite derived AOD
results were found in Garcia et al. (2006) and Groebner andneasurements at the Mediterranean area showed up to 45%
Meleti (2004) at Ispra, Italy. In addition, for Thessaloniki higher AOD values in the summer than in winter. Those val-

area, lower aerosol absorption during summertime was found€S demonstrate the role of precipitation and atmospheric cir-
in Arola et al. (2005) and Bais et al. (2005). culation, resulting in smaller AOD values during the rainy

seasons of autumn and winter and in higher AOD values due

The seasonal variation of AOD over Thessaloniki shows . . . )
to accumulation of (fine) aerosol particles in summer.

an AOD maximum for summer months (0.62 in August), and
minimum in wintertime (0.3 in December) (Kazadzis et al., The AOD measurements at 340 nm, performed by the
2007). As a first approach this could lead to higher UVA gpectroradiometer during the period 1997—2006, revealed a
attenuation during summer. However, the solar zenith anglfhegative trend of about3.2% per year when analyzing AOD
effects and the aerosol absorption properties have to be alsgnd —3.9% for AOD slant column values (Fig. 3). Similar
considered. negative trends were found analyzing the particulate matter
Taking into account the differences of average solar zenithPM;p) measurements held in the city (Kazadzis et al., 2007).
angle during different months of the year, we calculated theThese results are most probably linked with a series of norms
AODs annual variation for the 1998—-2006 period, for Thes-that had been taken during the 1990s concerning many as-
saloniki. The seasonal variation of AODs is shown in Fig. 2 pects of the city activities (Petrakakis et al., 2005), like the
together with the actual monthly mean AOD measurementsconsumption of crude oil with low sulphur content for in-
Mean values of AODs at 340 nm over Thessaloniki for the dustrial activity, the improvement of fuel quality, the renewal
given period were found to be 0.75, while the 95th percentileof the fleet with vehicles using anti-pollution technology and
statistics gave maximum values from 0.9 to 1.5. The annuathe annual check in the exhausts control etc. To date, several
variability of the AOD is smaller when calculating the AODs, other studies (Koukouli et al., 2006; Kazadzis et al., 2007;
because the wintertime slant path is larger than the one duMishchenko et al., 2007; Papadimas et al., 2008) using also

Ann. Geophys., 27, 2512522 2009 www.ann-geophys.net/27/2515/2009/



S. Kazadzis et al.: Aerosol forcing efficiency in the UVA region 2519

| | | | | | | | | |

| | | | | | | | | |

i | | | | | | | | | |

I I I I I I I I I I

- | | | | | | | | | |

| | | | | | | | | |

12 | | | | | | | | | |

—_ | | | | | | I o= | | |

E | | | | | | | T |

— o 710 L L L L L L L L L L

\ | I A 3 el L by L [ e

RTIRLEL 1 ull| L PO [ N B 8 TR T T T XTIk T (TT;T
8 ,4V | ’Z \ e N R A )@v

— RS s mIEa t

I e S

0.4 | L | L | | L% 1 " el 1

1 U 4 20 | |

"l T

- | £ | | | | | | | |

| | | | | | | | | |

Il Il Il Il Il Il Il Il | |

00 T T T T T T T T T T

! ! ! ! ! ! ! ! ! 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Year

Year
) . Fig. 4. Seasonal (black dots) and monthly (blue dots) RFE%
Fig. 3. Seasonal (blue symbols) and monthly (black line) AOD slant ¢anges calculated for Thessaloniki area over the period 1998—
changes for Thessaloniki, Greece. 2007. Magenta points represent SSA calculations and their uncer-
tainty estimation.

satellite datasets (e.g. Moderate Resolution Imaging Spec-

troradiometer, MODIS, Total Ozone Mapping Spectrome-ca| properties of aerosols or other factors like changes in
ter, TOMS, or Advanced Very High Resolution Radiometer, the radiation in the top of the atmosphere. Concerning the
AVHRR) reported a decreasing tendency in AOD values forchanges in the optical properties, an asymmetry parameter
the Mediterranean area during the last years. (AP) change of 0.05 can lead to a 1.5% changerisefonm

As RFE% is independent of any AOD changes during thetg the calculated RFE%. Concerning SSA, a decrease in the
period, the calculated standard deviation, could provide argpsorbing properties of aerosols (SSA increase) could also
estimate of the aerosol forcing variability not due to AOD |ead to such an RFE% change. In the following section we
changes but to the possible change of aerosol absorptioftied to calculate this SSA change in the case that it is the
properties. The RFE% values for spring, summer and auopnly changing RFE%-affecting parameter.
tumn were equal te-16.5%,—14.3% and-15.2% per unit As observed change in RFE% can be considered as a pos-
of 7sz40nm respectively. Using RFE%, the real aerosol forc- sjple hint of a change of the aerosol absorbing properties over
ing can be calculated, when combining the above percentthe area and has to be taken into account in addition (com-
ages and AODs results of Fig. 3. For spring, summer anchensating) to the observed AOD negative trends. The re-
autumn these calculations provide a 9.9%, 11.0% and 9.2%jeved RFE%s were used in order to calculate possible SSA
per unit ofrszaonm UVA attenuation, respectively. In addi- changes. Radiative transfer model calculations have been
tion, the 95th percentiles (maximum AOD) included in the ysed in order to calculate the SSA value that can be used in
figure can provide the maximum aerosol impact on UVA ir- the model input in order to match the calculated RFE% val-
radiance reaching the surface (18.2%, 18.3%, 18.2% for thgies. Magenda lines in Fig. 4 represent the calculated SSA
three seasons). for RFE%=-13.2/ S3a0nm and —17/rSzaonm that represent

UVA spectral measurements performed by the Brewerthe first and last points of the linear regression of RFE%s
spectroradiometer revealed a positive change over the 19984yring the 1998—-2006 period and the error bars the model
2006 period (Meleti et al., 2009). In addition, the observed SSA uncertainty introduced by the use of solar zenith angles
AQOD decrease (Kazadzis et al., 2007; Meleti et al., 2009) canarying from 20 to 60 degrees. The analysis provided here
only partly explain such changes. Choosing the 325-340 nngggests that the observed RFE% change could be explained
wavelength region where ozone changes are negligible fopy a possible change of 0.03 in the mean SSA over the area
UVA ones, we tried to investigate RFE% possible changesduring this specific 9 year period.
(which is independent of any AOD changes). Such RFE% ysing the AOD slant column results combined with RTM
changes can be linked with changes in the absorbing charagalculations to estimate the UVA (325-340 nm) increase due
teristics of aerosols. RFE% is a relatively stable propertyto aerosol optical properties changes, described in Figs. 3 and
sensitive to the single-scatter aerosol properties (primarilys. we found a 4.2% UVA increase per decade when taking
single-scatter albedo) and environmental properties (primarinto account a mean RFE% (no change in the aerosol absorb-
ily surface albedo and length-of-day) (Conant, 2000). ing properties but only the AOD change) and a 6.2% UVA

Analyzing the seasonal RFE% for the period 1998-2006 jncrease per decade when taking into account both the AOD

a positive change of RFE% of 3.8%640nmWas calculated.  decrease and the possible increase of SSA.
As RFE% is a parameter that is independent of AOD changes

such an increase can be a result of changes in the opti-
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5 Summary and conclusions 2008: “Aerosol optical depth measurements with ground based and
satellite sensors for Thessaloniki, Greece area”. The authors ac-
We used measurements of global spectral irradiance an&inowledge the support by the NASA Grant: NNX06AF30G, Global
AOD in the UVA region to estimate the aerosol radiative Environmental Change-hazards and regional impacts, and support
forcing efficiency (RFE) at an urban location in the Easternby the technical officers Don Anderson and Lucia Tsaoussi. The au-
Mediterranean during a nine years time period (1998_2006)_§h0_rs would like to thank the reviewers of this manuscript for their
RFE was found equal to{(15.2£3.8%)k Saaonm (20), rep-  Insightful comments. ,
resenting the average reduction of the UVA global irradiance___'oPical Editor F. D'Andrea thanks O. E. Garcia and another
. .anonymous referee for their help in evaluating this paper.
reaching the ground by the presence of an aerosol layer with
AOD slant column of 1. In addition, we calculated different
RFE% for different seasons and a positive change of this pageferences
rameter was found. As RFE% is independent of any AOD
slant column changes we linked this RFE% variability with Amiridis, V., Balis, D. S., Kazadzis, S., Bais, A., Giannakaki, E.,
possible changes in the aerosol SSA over the area. When tak- Papayannis, A., and Zerefos, C.: Four-year aerosol observations
ing into account only AOD changes, a 4.2% per decade in- With a Raman lidar at Thessaloniki, Greece, in the framework
crease of UVA irradiance was calculated. Additionally, a 2%  ©Of European Aerosol Research Lidar Network (EARLINET), J.
can not be explained by this AOD decrease and in case thzot\n(jg;%?]ysé'?gs” Clli?jbazézc? féégyionglioogﬂgfﬁfﬁfoj 2305'
Sli'?\ocrh;ncghezr?':;g;)ogLya?‘Z?fﬁLoiﬁgfségsrfgeéiréﬁzga?eé and Shettle, E. P.. AFGL Atmospheric Constituent Profiles (0—
. . . 120 km), AFGL-TR-86-0110, AFGL (OPI), Hanscom AFB, MA

to decreases in the aerosol absorption properties. As AOD 01736, 1986.
decrease in the area has been attributed to improvements iyoja. A., Kazadzis, S., Krotkov, N., Bais, A., Goner, J., and
fuel of vehicles, industry crude oil content and exhausts con-  Herman, J. R.: Assessment of TOMS UV bias due to absorbing
trol, a change of the aerosol absorbing properties have to be aerosols, J. Geophys. Res. D: Atmospheres, 110(23), 1-7, 2005.
considered as possible. Such a conclusion is difficult to corBais, A. F.: Absolute spectral measurements of the direct solar ul-
roborate without further studies on aerosol absorbing prop- travioletirradiance using a Brewer spectrophotometer, Appl. Op-
erties observations, like long term aerosol chemical compo- tics, 36, 5199-5204, 1997.
sition measurements. However, SSA measurements in thBais, A. F., Gardiner, B. G., Slaper, H., Blumthaler, M., Bern-
UV are difficult and in current literature there are only ex-  hard. G., McKenzie, R., Webb, A. R., Seckmeyer, G., Kjeldstad,
perimental techniques that are used for such a purpose (Corr B+ K0skela, T., Kirsch, P., @bner, J., Kerr, J. B., Kazadzis,

. . S., Leszczynski, K., Wardle, D., Brogniez, C., Josefsson,
et al., 2009, summarizes all such methods). Significant un-

eI . ) W., Gillotay, D., Reinen, H., Weihs, P., Svenoe, T., Eriksen, P.,
certainties in global aerosol absorption properties (SSA) may Kuik, F., and Redondas, A.: SUSPEN intercomparison of ultra-

constitute the largest single source of uncertainty in the cur- ;gjet spectroradiometers, J. Geophys. Res., 106, 12509-12526,
rent estimates of aerosol climate forcing. For example, inthe 2001,
city of Thessaloniki, changes in aerosol absorption propertie®ais, A. F., Kazantzidis, A., Kazadzis, S., Balis, D., Zerefos, C.
distribution over time, caused, for example, by industrializa- S., and Meleti, C.: Deriving an effective aerosol single scatter-
tion, urbanization, deforestation, or regional environmental ing albedo from spectral surface UV irradiance measurements,
controls, complicate the ability to predict aerosol climatic ef- ~ Atmos. Environ., 39, 1093-1102, 2005.
fects. Balis, D. S., Amiridis, V., Zerefos, C., Gerasopoulos, E., Andreae,

The quantity and sometimes the quality of observational M- Zanis, P., Kazantzidis, A., Kazadzis, S., and Papayiannis, A.
data on SSA in the UV part of the solar spectrum currently, aman lidar and sunphotometric measurements of aerosol opti-
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