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Abstract. Fhe-specifiSpecificaerosols and cloud properties over large urbaiemegeem to generate an island, similar to
the wellknrewknown city heat island, leading to lower UV radiatiortensity compared to the surroundiefpaneless
polluted areas, thus creating a shield against excessivamexposure téhe-UV radiation. The present study focuses on
differencesn-thebetweenerythemal and U\AL{(340-400A (324 nm) doses measured by the Brewer spectrophotosnieter
Warsaw (52.3°N, 21.0°E) amdBelsk (51.8°N, 20.8%which). The latteris located-ina rural regiorat-a-distance-dbcated
about 60 kmn-thesouth-westlirection-fromof the city. FheratidRatiosbetween erythemal and UNMLA partly daily doses,
obtained during all-sky and cloudless-sky conddimior the period May 2013-December 20k%5e-analyzedere analysed

to infer a specific cloud and aerosol forcing on the surfadé ddses over Warsaw. Radiative model simulatiersvere

carried out teassess-impalind sourcesf theWarsawBelslobservedifferencesn-total-ozone—geographical-locatiand

HEEIo-oVve na [ compnan bdhcto elevation

iswas found thatWarsawurban agglomeration induced 8% aB@Po attenuation of the erythemal and WA doses,
respectively, which—could—be—caused-—bynostly due to the lower Sun elevation in Warsawirdurthe near-noon

measurements, and tharger aerosel-absorptiodt-appears-that-a-slighthr-increaseptical depth of theity aerosols and

increased cloudiness. It could be hypothesised ttimtexpected stronger absorption of the solar Hi¥ation byurban

showing-that thés compensated here byhigherei
durban-aerosoHoakth-thecity-of Warsawsurface reflectivity over the city
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1 Introduction

Excessive exposure to the ultraviolet radiatioWiR) reaching the Earth's surface has a detrimémiadct onthe
human healthOverexposui€he overexposurto UV-B radiation (29@15a#815 nn) can cause erythema (redness of the

skin), DNA and cellular damage (due tahe generation of the reactive oxygen species), and

mmunosupressiammunosuppression Longer UV wavelengths, UV-A  (3180Am400 nn), can be

cahcerogenettancerogenicbut also responsible for photoagingnd various eye diseases, includiegtaract—Both
overexposure-ftataracts. Overexposure to b&ai-B and UV-A could lead to increased risks ofangous melanoma, non-

melanoma skin cancers, and various health problengs Marionnet et al., 2014; Greinert et al., 20Mhile UV-B is

stronglydependedependenbn the latitude and thickness of the ozone lay&tAUV-A, especially UV-Al, the so-called

long-wave UV-A (34040077100 nn), is ozone independent, more intense, and lesablarwith latitude (Sabziparvar et

2012: De Bock-et-al-—2014)In the spectral range up to ~330 nm, absorptiorobyne is usually much stronger than
absorption by other main trace gases£3@,) (Cede et all, 2006).

——AnThe intensity of the solar UV radiation at the B&rtsurface depends significantly on properties and

amount of clouding and aerosols. Upward UV-B and-Al¥fends have been reported over several midilditial sites of

the northern hemisphere since the beginning ofl8#0)s, which have been mainly attributed to de@ngaattenuatiorby
aerosols and clouds (e.g. Kézin et al., 2011; Zerefos et al., 2012; De Bocklet2014).
Attenuationof the incoming solar radiation seems to be highar thelarge urbaregglemeratioagglomerations

relative tothe-surrounding rural areas due to the excessive Bghttering and absorption bye-anthropogenic aerosols.
Papayannis et al. (1998) found differences betv#értloudless-skyJV irradiances measured over Athens @aduburba
suburban area near Atherm Athens the concentration of atmospheric aerosols wasehitfian at theutskirtsuburban
site. The erythemal irradiance at the centre ofeAthwasup t030% lower than at theuburbs-with-similarvalues-of total
ozehe{FQ)for-suburban site duringlays with increasedir pollution iover the air—SimilatAthens basin. A similar
difference was notice@n-thebasis—of-the—numerical-simulationgnathe modelledUV-B irradiance with input from
measurements of thital ozone TOs) and aerosols optical depth (AOD) by the Brewercspphotometer (BS) at the
outskirts of Athens. Acosta and Evans (2000) measitve-erythemal irradiances in the centre and suburbdedfico City

in the period 1994-1995. Duringethis period inwinter, the erythemal irradiance was 9% greater the suburbs than in
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the centre of Mexic&ity, while duringthesummer, the recorded values were up to 43% gréatemean value was 21%).

Corr et al. (2009) founder—Mexico-City—aerosols—enhanesttbng absorptionat-U\V-wavelengths—withf UVR by urban
aerosols over Mexico City with single scattering albedo (SSA) in the range 086-0Even larger attenuatign 60%) of

the UVR due teatmeospheri@aerosolssf~60%was reported in Guangzhou, China, in the dry seésom Octobemrip-to
January (Deng et al., 2012). Kazadzis et al. (2p89and thataffor some cloudless days, differences in AOD amongethre

sites @nurban, ruraland industrial area) located in Thessaloniki anthea outskirts of the city casausaccount forup to
20% differences irthe UV irradiance.Meleti-et-al—(2011)andrountoulakis et al. (2016) noticed that-surface-UVR
measuredHtnends in the amount of absorbing urban aerosads Dhessalonikimay-be-sensitive-to-another-characteristic of
he-atmospheric-aerosolfiet single-scattering-albedo-of aerosols—which-might counteract theeffectexpected UVR
increase due to the long-term decreafSAOD changedhere.

The atmosphere over Poland is one of the rdesbarticulate matter (PMpolluted in EuropeFhe-PM10 and

PM2.5 levels measured in Warsaw, as well as in mibstrlarger cities in Poland, exceed the tolerable RMtlmany times
duringthea year (Polish Ministry of Environmen?981:2014. However, Zawadzka et al. (2013) analy#Zedmeasurements
taken by the Microtops Il and CIMEL sunphotometad atated that a small positive bias for AOD at 500 nm betwe
Warsaw and a rural site (Bejskwhich isin ~60 kmdistance-from-the—city-in-thsouth-westirectionpf the citywas not
larger than 0.02, whereas fgreatelower values of wind velocitytthe differencereached 0.04. The bias calculated from
satellite measurements withe MODIS (Moderate Resolution Imaging Spectroradiomjeteas ~0.05. The authors did not
clairfind any significant differences in the Angstrom parterebetween the sites for the visibdegesange so it could be
hypethesizedhypothesisedhat AOD values ithe UV range also differ only slightly.
——The-geophysical-variables—possibly-affecting-Hmwvever, for organic particles, the absorptiontiea tJV range

may be larger than predicted using Angstrom paramedbr the visible range of the spectrum (Baislet2015). Similar

differencesn-the-ground-level-of the-surface- U\letweens

Warsaw and Belsk were reported by Chubarova €R@ll1), who analised results of aerosol measurestignthe CIMEL

sunphotometers located in Moscow (megacity witlputation over 10 million) and Zvenigorod (popubatiof approx. 16

thousand).
It seems possible thatlarge urban agglomeration coydeducgeneratespecific cloud properties (due tioe heat

island effect and creation-efspecific cloud condensation nuclei consisting difam aerosols), higher loading of aerosols,

and higher albeddhan that in urban site¥he working hypothesis is that the Warsaw agglati@n produces a kind of
shield against the incoming UV radiation. We witive to support (or disprove) the hypothesis bgnparing the erythemal
and UVAZA (324 nm)radiation measurements liye BSs in Warsaw andt-Belsk for the period May 2013-December
2015.
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2  Methodology

Monitoring of the UV spectra by BS is carried bytthe Institute of Geophysics, Polish Academy cgBces (IGF
PAS), at the Central Geophysical Observatory Bslske 1992 by the single monochromatorB&, serial numbe64;
(BS064),and in Warsaw since 2013 by the double monochrani&®Ne-, serial numbe207 (BS207)installed on the roof
(elevation ~25 m above street levef)the IGF PAS main building. PreviouslgS-206BS207was working at Belsk (2010-
2013). Comparison oBS-Na—64BS064 and BS-Ne—20BS207 for that period will allow us to assess the difeces
between the measured UV doses duéiminstrumental differencesn-the-middle-of2013-BS 285207 was moved to
Warsawin the middle of 2013

The present study focuses on differences in thihemal and UVAL{340400A (324 nm) doses measured bye
BSs in Warsaw (52.3°N, 21.0°E, 130 m amsl) anfelsk (51.8°N, 20.8°E, 190 m amslivhich). The wavelength 324 nm

was chosen because it is one of the longest wayttlemeasured directly by both BSs and the gasaiossrption by the

main trace gases (ONO,, and S@) is weak at this wavelength. The Belsk observatsriocated in a rural region (the

largest orchard region in Polanal
and industrial developmentsFhe-Warsaw Surroundings of the citjneasuring sitesHocated-in-the-area,—which-is-a-mixture
of different-surfacespnsist ofgrass trees, concrete constructions (buildings, pe@asfootpaths), and asphalt roads.

ity-far from the-urban

BS064 is an older generation instrument - Markyfle, which is equipped wittrea single monochromator. Its
spectral range is 290-325 nm in 0.5 nm stepstaeamspectral resolutionf 0.6 nm (FWHM). Thespeetrapectralaccuracy
decreases fogreatehighervalues of AOD and for larger solar zenith angies, for cases witlan enlarged contribution of
the diffuse component in the total UV radiatidimat increases the stray-light effect on the imsgnt. Furthermore, it does
not have a ventilation system. The quality controits performance has been assessed by almody yadibration against
the travelling world standard BSe-, serial numbel7-BS-Noe-17(BS017). BSO1itself is regularly compared withea set
of three Brewer instruments, so-called “Brewer meffiee triad” (Fioletov et al., 20033.S-Na-64BS064was also compared

with Bentham DM-150 during the project Quality Assuce of Spectral Ultraviolet Measurements (QUASUMEMay
2012004 (Grébner et al., 2005, 2006). The estimateduticertainty of the erythemal irradiance is abd4t% (Grébner
and Schreder, 2004).

BS207 is the newest typestrument- Mark Ill, thatwhich is equipped with a double monochromator reducing

significantly the stray-light effect. It is also wgped withthea ventilation systemwhich prevents overheating of the
instrument during hotter dayghelts spectralcharacteristics are the same as BS064, howevespibetralrange is296-
363nm-in-0-5-nm-steps—with-—almest-simileder extendsto BS064-spectral-resolutiB63 nm BS207iswas calibrated
against BS017 in 2012 and 2013. After the calibrath 2013, it was moved to Warsaw. Furthermorba# been calibrated
3 to 4 times per year since 20Mth a set of standard lampg&lding=~5%that allows eliminatiorof measurementspectrum
errerinstrument ageing (loss of its sensitivity to UVRpr both instrumentthe SHICRivm softwaréas-beewasused to

extend the spectra up to 400 nm and to eliminatseous spectra (Slaper et al., 1995).
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The erythemal irradiance is calculated as thegnateoverthe wavelengthef-thaange290-400 nm BS spectra after
the SHICRivmstandardizatiestandardisatignwhich ardés weighted by the erythemal action spectrum. Ftegration-for
UV-AZA (324 nm)irradiance isakenwithout any weighting. The erythemal action spectrémiows-is that suggested by
the Commission Internationale de I'éclairaG#E{) (CIE, 1987). Furtherthe partly daily erythemal and UX2A (324 nm)
doses are calculated #sea time integral of the pertainingradiancesradiancefor the 6h period for all-sky-_conditions

(Iocal noon=-3h, local noon $h) andthe 3h period for cloudless-sky condﬂmdsg:a noon-3.5hJocal noon-0.5h).Selar

arCloudless-sky conditions are

identified usingthefellowinga two stepstepalgorithm.FirstThe firststep isthe-approximate-searchiagreliminary search
for such days using tHellewing-criterion: the solar UV irradiance derivative with solar zenitlgbnis negative. In the next

step the smoothness of the time series for the ddyjch meefulfilled the first criterion, is examined, i.e. the belkpl of

the UV spectruime seriesmust bepreservedin-case-of jumpin-the-series-such-day-is-omittadentified. There is no

strict mathematical criterion applied here, bubheatan intuitive inspection of the time series ghap

Ratios between doses measured by BS064 and B8a6&d on collocated observations at Bé$kr the period
October 2010 — April 2013, allow us to estimate thecertainty rangderof the ratio related to differences in BS
instrumental characteristics and in time of obstwa. The BS measurements are sptchronizedynchronisedas the

spectrumength-isanges ardlifferent. The same ratio is measuhefbr the period of the Warsaw observations (May 2013 to
December 2015) by BS207 to assessitimgact of theurban agglomeratiompacton the erythemal and U¥2A radiation
The LOWESS (Locally Weighted Scatterplot Smoothifiiigr (Cleveland, 1979) was used for smoothindghaf curves

Numerical simulations for the cloudless-sky coiodis of the ratio between Warsaw and Belsk weréopgaed to

calculate differences caused by various factorsh sas the geographical location (Belsk is slighitythe south), T

surface albedo, and aerosols properties (AOD, SSiulations were performed with the radiation $fan model (RTM)

libRadtran (Mayer and Kylling, 2005). The followinmodel input parameters, which are from the sinmeltas

measurements at both sites, are used in calcuatiimily mean total ozone by the BSs standard nmeamnts, AOD at 550

nm measured by the MODIS for the period 2013-2046DIS Aerosol Product values are available globalhd include

AOD at 550 nm over land and ocean. Remote sendirmgmsol properties using MODIS is presented hoko et al.

(2004). In this study, we used arrays of Level 22M 04, Collection 6) data produced daily at thetigpaesolution of

5



10x10 km pixelation. From satellite data, we seldalaily mean values of AOD from the nearest pigghe measurement

sites. Other input parameters are constants ragmegeaypical values used in the UV modelling, elipedo of 0.03 for rural
surfaces and SSA=0.92, which is a mean value meddiyr the CIMEL sunphotometer at Belsk (level *dsrf AERONET
— Aerosol Robotic Network) at 440 nm (http://aeronsfc.nasa.gov). We used SSA at 440 nm as a ctrfstathe whole

5| ultraviolet spectrum, as it was found that montierages estimated from BS at Uccle were in clgseement with the

CIMEL measurements at 440 nm, especially for 320(Nikitidou et al., 2013). Furthermore, Liu et §1991) performed

Mie calculations for the rural aerosol model (Sketind Fenn, 1979) and suggested that for this ofpmerosol, SSA is

approximately independent of wavelength. Therenareneasurements performed for SSA at the UV wagétterange. To

identify the impact of the selected parameter om fitio between the sites’ doses we use the RTMemadlowing

10| variability only for this parameter and keeping stamt other RTM input parameters. For example, dantify the

dependence of the ratio on the geographical lotatiothe sites the RTM simulations were performstha fixed TQ,

AOD, and time (10:40 GMT), but the simulations wéreconsecutive days throughout the whole year.

3 Results

3.1 InstrumentscompartsonComparison between measur ements at Belsk

15 In the period from October 2010 to April 2013 b&8s were working simultaneously at Belsk. Figuaeshows
the time series of the measured ratio (BS064/BSBe®yeen the 6h erythemal all-sky doses. The maharewf the ratio is
1.02 + 0.07(&). Figure 1b illustrates that the 1-1 relation bexdw the doses is appropriate for the whole rangéneof
measured irradiances. The coefficient of deterrondtased on this data set is 0.99. The meanf@tidV-Alrangd (324
nm)is 18102 + 0.07(%) for all-sky conditions.

20 aYaWllaaVa' a ne—g arence e \\

ief3utliers greater than 10%ometimes
appeas as the measurements were not synchronous. Iffisuttito havesyrehrenizedynchronisedneasurements by our
BSs asthe scanning time is differenbecause of théength-of-the-spectruvarious spectral rangege. 290-325 nm for
BS064 and 290-363 nm for BS2(B#S-0648S064 measures UV spectrum three times per hatile-BS-200BS207 only
two times per hour. Thus local cloudiness may Bewace of large standard deviations of the meaosratlculated during

25| all--sky conditions. To remove the effect of cloudiness, analyz@nalysedthe ratios derived from 3h cloudless-sky
measurements before solar noon. The cloudless-akgsdwere calculated férea shorter period compared to those for the

all-sky conditionsas cloudless-sky conditions in Poland usually gitdaefore noon.

Figure 2a shows the time series of the measurd@b®8S207 ratio for the cloudless-sky conditions @he
corresponding scatter plot (Fig.2b). The mean vafude ratio is 1.01 + 0.03 §) and there is almost a 1-1 relation between
30 the erythemal doses by both BSs. That is also stggbby high value (0.998) of the coefficient otefenination. For UV-
ALA (324 nm)doses, the ratio is 1.00 + 0.045J1Thus the performance of BS064 and BS207 was practicallystmae
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during the Belsk’s intercomparison. The agreemetivbenthe output of both BSs was almost perfect, suggesgtiag the
instrumental differences did not have much inflieon the ratio between the doses.

2.33.2 Comparison ef-erythemaland- UV -Al dosesmeasuredbetween measur ements at Belsk and-in War saw

BSs were working simultaneously in Warsaw améelsk in the period from May 2013 to December 201ke
erythemal and UVAZA (324 nm)doses calculated for these siteshefor 6h periodssymmetrical-arounflocal noonfer-6h
- 3h, local noon + 3hjor all-skyskies, and 3hbefere—nooperiods (local noon - 3h, local noon-0.5f0r cloudlesssky
conditionsarskies, wereanalyzed to find the Belsk-Warsaw ratio betweenrtteasured doses (BS064/BS207). If the ratio
obtained during the cloudless-sky conditions d#fergnificantly from thaprevieushrobtained during the cloudless-sky

7
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conditionsferduring the Belsk’sBSs eperating-in-Belsintercomparisonit will allow us to estimate theffect of urban

aerosolsffecton the surface UVRFReA similar approach with the use of all-sky data wlBoprovide an estimate of the
effect ofurban cloudeffecton the surface UVR.

Figure53 shows the time series of BS064/BS207 measured f@tithe-erythemal doses (Figa3a) and the UV-
AZA (324 nm) dosesFig. 5b)-desedb) for cloudless-sky conditions simultaneously appepboth in Warsaw andtBelsk
during 3hbefore-local-neemeasurementsThe ratio oscillates around0b within the range-between0.9- and1.42. The
main reason for this scatterusingthe interpolated erythemal (or UMLA) irradiancevatuevaluesat the beginning3(5-h
beforelocal noon3.5h) and at the end (local noon-0.5h) of the calcdlgteriod. BS observationsererarely made-exactly
atthe-starting-and-endimpincided with thesenoments. Thus linear interpolated values were usé@n from observations
closest to the beginning or to the end of the gkiie. the irradiance values just outside the olisg period weralsotaken
into account. The mean value of the Belsk-Warsaio ia 1.06 + 0.04 (&) and 19304 + 0.04 (b) for the erythemal and
UV-AZA (324 nm)dose, respectively. Theameorrespondingralues calculated fosi-6h rear-neerdoses(Fig-6)-during
all-sky conditiongFig.4) are 1.08 + 0.19 @) and 16506 = 04718(1c), respectively. Much larger uncertainty rangeshef

estimates for all-sky conditions are due to theidiness effectdbut the mean values of the ratio are only sliglattger than

those found during thBelsk’sBelsk intercomparison of the instruments. In spite afgible different cloud properties over
Belsk and Warsaw during 6h measurements, the dietetion coefficient values are still high, i.e. efjto 0.96and-0.95or
theerythemal and UVAZA (324 nm)doses. The 1-1 correspondence between dosepisaintainedfor the whole range
of the data (Fig5).

Standardhe standardstatistical test fothea difference in the mean values taken from two lasgeples ofan
unknown distribution (Daniel and Cross, 2018)as used toevaldateind out if a-highethe BS064/BS207 mean ratio
obtainedduring Belsk-Warsaw comparison of B&8sative-tds significantly larger tharthe meanratio found duringthe
Belsk intercomparisois-statistically-significantThe working-hypothesisthat the mearaluewvalue of BS064/BS207 ratio

{beth-forcloudlessky-and-alisky-conditions)ares higher during the Belsk-Warsaw compansrsnsupported by the test at
the significance levetbetter thar0.0

gatdoth for cloudless-

sky and all-sky conditions.

3.3 Sources of the Belsk- Warsaw dlfferenC% in the erythemal and UV-Al-radiation—Fhe-aerosoleffects-are
» 6 6 ; , A doses

The more northern location of the Warsaw siteltesn lower SZA of ~0.5%4t Belsk-and-cloud-effects-only-slightly
enlarge-the Bels/arsawthe same time for BSs observations. Other factifesting the ratio between the measured doses

at the rural and urban site during cloudless camuitare differences in TOsurface albedo, and aerosol properties (AOD or

SSA). In this sub-section, the modelled cloudldgssigadiances are analysed for Warsaw and Belslkigouss sources of
the BS064/BS207 ratio variability.
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Thedifference-_in the geographical coordinates for the sitesctvidire based on the simulations of the erythemal
and UV-A irradiances at 10:40 GMT.€. =2% bethnear local noon) throughout 2015 leads to slighiyher values at
Belsk. The modelled ratio changes with SZA (Fig. B)e average ratio over the whole year is 1.0302 (1) for the
erythemalané-irradiance and 1.02 + 0.01 )L for UV-Al-desed (324 nm). For the warm period (from 15 May to 14
September) modelled ratios were 1.01 + 0.0@3 &hd 1.01 + 0.002 (), but for the cold period (from 15 September to 14
May) modelled ratios were 1.04 + 0.01cjland 1.03 + 0.01 () — for erythemal and UV-A (324 nm) irradiances,

respectively.
The total ozone difference between the sites it® qmall (Fig.7). The mean F@atio (BS064/BS207) taken from

all coinciding daily TQ values is 1.00 + 0.01 ¢). All data points are in close proximity to thedonal line representing the

1-1 relationship between the variables (Fig. 7d)e Tnean modelled ratios between the erythemal avidh Y324 nm)
irradiances calculated for the selected fixed SZd the site measured T@alues are 1.00 + 0.01(}land 1.00 + 0.002
(1o), respectively, for all considered SZAs (30°, 480,° and 60°). Thus, TQis not a factor responsible for the UV

difference between the sites.

The AOD effect on the Brewers'’ ratio is inferredrh the RTM simulations based on the measured ACES@ nm

by MODIS for the period 2013-2015 on days whendbh&& were available for both sites. Daily AOD mearss taken into
consideration. The calculation was performed seplrdor various SZAs (40°, 6Dand 70°) and fixed SSA=0.92. Fig.8
shows that AOD at 550 nm is slightly higher oves dity. The mean AOD is equal to 0.26 and 0.20 ¢ivemrban and rural

site, respectively. RTM simulations performed usihg observed AOD values for various fixed SZAs°(4D° and 70°)
yield the BS064/BS207 ratio is almost the same $.0202 (k) for all considered SZAs, for the erythemal and-B\{324

nm) irradiances

4  Discussion and conclusions

Warsaw agglomeration has over 3.5 million popafatiwith high pollution due tothe-heavy vehicle
emissieremissionsand industry (mainly electripewerpowel), causing numerous cases over the EU air qudligshold

(Monitoring System of Air Quality in Mazowieckie B®n, http://sojp.wios.warszawa.plllike other large cities, it is

expected that Warsaw produces the wialown heat island that makes specific boundaryrlaye in the boundary layer

factors like wind, temperature, moisture, turbukeaad energy budget fields differ from nearby rsitds (e.q. Fortuniak et

al., 2005, Miao et al., 2009, Haberlie et al., 20Hlowing anthropogenic aerosols to reach higheroapheric layers that
may enhance AOD and affect cloud properties (exgllof cloudiness, droplet size, liquid water em}. Previeus-study-of

he Be A r-differance N tha aaroso nropertie Azl e 010)revealed m y es of thmstron
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The Warsaw agglomeration attenuates only sligthity erythemal and UV-A (324nm) radiation. Underudi@ss
conditions, the Belsk/Warsaw ratio between thehenytal and UV-A (324 nm) doses is ~1.06 and ~1.0wreas the ratio is

~1.08 and ~1.06 for all-sky conditions, respectiv@lhe aerosol effects are responsible for ~2%elaegythemal and UV-A
near-noon doses at Belsk. The cloud effects adde2flarging the Belsk-Warsaw difference. The SZ/Aee due to the

longitudinal/latitudinal difference between theesitlead to 3% (or 2%) greater erythemal (or UV-A¥eb at Belsk. The

difference is even larger in the cold period of ylear (for higher SZAs). The unexplained 1% higtheses at the rural site

for the erythemal doses ratio could be attributédbl@strument issues.

It seems possible that urban aerosols lead to highsorption of the UV irradiance, i.e. small SS&ues (<0.9) could

characterise such aerosols. On the other handalte®lo of urban surfaces is higher in the snowtes®d, that may

compensate the effects of lower urban aerosols’.§8%alysing the UV radiation in the Mexico City mapolitan area,

Castro et al. (2001) found the urban albedo of @v&* asphalt and grey surface cement sites. $Hmur times larger than

the commonly used albedo of 0.03 over grass. Petrial. (2004) found that over some non-shadeds gHrthe city with

high albedo (e.gconcrete surface) there is an amplification of liaenan exposure of up to 7% for people in the unprig

position.

—Foeunteulakis-et-alVe performed RTM simulations with the observed; B0id AOD values over Warsaw to fully

compensate (by absorbing aerosols) the UV incrdaseto changes in albedo from 0.03 to 0.12. SSA=au& 0.85, for

SZA=60° and 30°, respectively, are found for the site, i.e., 0.06 and 0.07 less than the vale®ipusly used in our RTM

simulations for rural aerosols. Such estimate lgmkdbable, as the Warsaw observing site is amoaanibst polluted parts

of the city because of abnormal vehicle emissiarthé nearby main city roads.

Fountoulakis et al(2016) discussed factors important for the Bd&traspectralvariability in Thessaloniki. They

pointed out that the cloudless-sky UV-A irradiancesild be sensitive not only to AOD changes bub &alsSSA changes.
Kazadzis et alChubareva-et-ab{201H-analyz(2609b) found that UV-A irradiance increase in Tadsniki for the period
1998- 2006 cannot be explained only by the AOD gkanbut also by the changes of SSA over the akea,to the

improvement of the air quality there. Chubarovaakt(2011) analysingesults by CIMEL sun photometers located in

Moscow and in Zvenigorod (less polluted site) fotinatthe uncertainty range of SSA is too high, precludingcdssion of
the SSA urban effects. However, they found that S$Moscow for the visible range of solar radiatimas 0.02-0.03
smaller than that obtaine®eifrom the clean site. It is worth mentioning that thisra lack of the direct retrieval to obtain
SSA fromUV_spectral measuremenisdirectAn indirect method for BShas-beewas proposediby Bais et al-. (2005)

depending on the assumed values of the asymmetrgmeter, surface albedo, aerosol vertical profded the

10
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: he cloudeffects should be more pronounced dutingwarm period of the yeawhere the city

heat island may generate stronger convection tiah existing-in the cold periodof the year Romanov (1999)
analyzin@nalysingNOAA satellite images retrieved higher cloud covesummer ovethe central Moscow compared to its
suburbs. Inoue and Kimura (2004) found that in Toklyere were more lowlevel clouds in the summer period (July-
August) eomparingomparedto rural sites in Kanto region. Moreover, urbaratheslands lead to more thunderstorm
initiation episodes (e.gheper&hepherd2005; Haberlie et al., 2015).

The classical theory (Twomey, 1977) states tha¢rwthere are more aerosols high above the surfaeeta
stronger updraft generated by the city warm isla&tpsols serve as cloud condensation nuclei, eethe size of cloud
effective radius and increagbe number of dropletscausing larger cloud optical thickness (COT) aimdlfy higher
attenuation of radiation reaching the Earth's sexfa hus additional cloudiness generated over large citiey act as an
umbrella against excessive UV radiation. We cateuBS064/BS207 ratio during Belsk-Warsaw comparisampaign
taking into account measurements in the warm pefibdVay —1514 September. Wexpeeexpectedo find a higher ratio
for that period according to the classical thedagesi above. Howevgthe ratio is only slightly lower, i.e. 1.06 + 0(13),
for the erythemal doses, and306 + 0.16(k) for UV-AZA (324 nm)dosesit, and part of this difference is the effect of
different SZAs between the sites. Thiay suggest that contrarytteeexpectation, COT is smaller ovidreurbanareareas

Jin et al. (2005) discussed aerosol-cloud relakignever New York anddusterHouston They found that thick urban
aerosols correspond to low COT there. Thuseems possible thatren-highencreasedcloudiness over urban areas does

not necessarilymeanhigheincreasecttenuation of solar radiatiobgcause-the-urban-aeresols-meglifge modification of
the cloud structureempensatingand properties by the urban aerosols may leathéceffectof-inereased—cloud—ecover

therdormation of clouds which attenuate the solar rialisless effectively
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Our study proves that the UV level in Warsaweidy—slightly lower {(=5%-8%)-than that found in cleaner
i ! tation-bysuburbs of the city. Thusrban aerosolfewer

iefthus-contaminatedrban-atmospheand cloudover Warsaveannot-be-treated-ad@not
provide an effectiveshield against excessib@man-exposuidVR.
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Figure 1la: The ratio between erythemal 6h (noon+/-3 hr) doses measured by the Brewer Spectrophotometer No._64 and No._207
while working simultaneously at Belsk (all-sky conditions). The solid curve representr epresents the smoothed data by LOWESS
filter.

Figure 1b: TheScatter plot of doses measured by the-Brewer spectropheotemeterspectrophotometers No._207 wversus-these
measured-by the Brewer-spectrophetometerand No_.64.
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Figure 2a: ThesameSame as Fig.1a but for cloudless-sky conditions and 3h doses calculated for the period before noon (noon-3.5h,
noon-0.5h).

Figure 2b: ThesameSame as Fig.1b but for cloudless-sky conditions and 3h doses calculated for the period before noon (noon-
3.5h, noon-0.5h).
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Figure 5-The BelskMN arsawratio-between-the partiatly: The Belsk/Warsaw ratio between the partial daily 3h doses (noon-3.5h,
noon-0.5h) measured during cloudless-sky conditions existing over both sites for erythemal doses (a) and UV-AZA (324nm) doses

(b). Solid curvesrepresent the smoothed data by L OWESSfilter.
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Figure 8a. The ratio between AOD at 550nm measured simultaneously by MODIS over Belsk and Warsaw in the period May
2013-December 2015. The solid curve represents the smoothed data by L OWESSHilter.

Figure 8b: Scatter plot of AOD at 550nm measured by MODI S over Belsk and War saw from May 2013 to December 2015.
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