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Abstract. Specific aerosols and cloud properties over langgan regions seem to generate an island, sinuléne well-
known city heat island, leading to lower UV radbatiintensity compared to the surrounding less pediuareas, thus
creating a shield against excessive human expdsut#V/ radiation. The present study focuses on difiees between
erythemal and UV-A (324 nm) doses measured by tleav8r spectrophotometers in Warsaw (52.3°N, 21.@fiH) Belsk
(51.8°N, 20.8°E). The latter is a rural region tedeabout 60 km south-west of the city. Ratios keetwerythemal and UV-A
partly daily doses, obtained during all-sky andudless-sky conditions for the period May 2013-Delsermi2015, were
analysed to infer a specific cloud and aerosolifigFgon the surface UV doses over Warsaw. Radiatieeel simulations
were carried out to find sources of the observéfidrdinces between the sites. It was found that #eargban agglomeration
induced 8% and 6% attenuation of the erythemaldviéA doses, respectively, mostly due to the lowen ®levation in
Warsaw during the near-noon measurements, andatberloptical depth of the city aerosols and ineedacloudiness. It
could be hypothesised that the expected strongerption of the solar UV radiation by urban aeressicompensated here

by a higher surface reflectivity over the city.
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1 Introduction

Excessive exposure to the ultraviolet radiatio’ViR) reaching the Earth's surface has a detrimantphct on
human health. The overexposure to UV-B radiatio®0{215 nm) can cause erythema (redness of the, JSBMA and
cellular damage (due to the generation of the iacixygen species), and immunosuppression. Lobyewavelengths,
UV-A (315-400 nm), can be cancerogenic but alspoasible for photoaging and various eye diseaseijding cataracts.
Overexposure to both UV-B and UV-A could lead tor@ased risks of cutaneous melanoma, non-melankimaancers,
and various health problems (e.g. Marionnet et2f114; Greinert et al., 2015). While UV-B is strindependent on the
latitude and thickness of the ozone layer, UV-Aexsally UV-Al, the so-called long-wave UV-A (340@8nm), is ozone
independent, more intense, and less variable wtitutie (Sabziparvar et al., 1999). In the specaage up to ~330 nm,
absorption by ozone is usually much stronger thesogotion by other main trace gases {300,) (Cede et all, 2006).

The intensity of the solar UV radiation at the bartsurface depends significantly on properties ambunt of
clouding and aerosols. Upward UV-B and UV-A trehdse been reported over several mid-latitudinakssitf the northern
hemisphere since the beginning of the 1990s, whire been mainly attributed to decreasing atteowdty aerosols and
clouds (e.g. Krzécin et al., 2011; Zerefos et al., 2012; De Boc&lgt2014).

Attenuation of the incoming solar radiation seetosbe higher over large urban agglomerations redatd
surrounding rural areas due to the excessive kghttering and absorption by anthropogenic aero&apayannis et al.
(1998) found differences between cloudless-sky W&diances measured over Athens and a suburbameagathens. In
Athens, the concentration of atmospheric aerosals igher than at the suburban site. The erythémzaliance at the
centre of Athens was up to 30% lower than at tHeushan site during days with increased air pollutover the Athens
basin. A similar difference was noticed in the mtateUV-B irradiance with input from measurementglee total ozone
(TOs) and aerosols optical depth (AOD) by the Breweacsmphotometer (BS) at the outskirts of Athensogia and Evans
(2000) measured erythemal irradiances in the cemtdesuburbs of Mexico City in the period 1994-1996ring this period
in winter, the erythemal irradiance was 9% greataghe suburbs than in the centre of Mexico Cithilevduring summer,
the recorded values were up to 43% greater (then walae was 21%). Corr et al. (2009) found stromgpaption of UVR by
urban aerosols over Mexico City with a single sratg albedo (SSA) in the range 0.7-0.85. Evenedaagtenuation (~
60%) of the UVR due to aerosols was reported inn@ahou, China, in the dry season from October noidigy (Deng et al.,
2012). Kazadzis et al. (2009a) found that for saiedless days, differences in AOD among threes i@ urban, rural,
and industrial area) located in Thessaloniki anthatoutskirts of the city can account for up té&®@ifferences in the UV
irradiance. Fountoulakis et al. (2016) noticed thands in the amount of absorbing urban aerosads ©hessaloniki might

counteract the expected UVR increase due to tigptlerm decrease of AOD there.
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The atmosphere over Poland is one of the mostpkate matter (PM) polluted in Europe. PM10 andPB/levels
measured in Warsaw, as well as in most other lamitjes in Poland, exceed the tolerable PM liminpémes during a year
(Polish Ministry of Environment, 2014). However vigadzka et al. (2013) analyzed measurements takémelylicrotops Il
and CIMEL sunphotometer and stated that a smaitipedias for AOD at 500 nm between Warsaw andralrsite (Belsk)
which is ~60 km south-west of the city was nogérthan 0.02, whereas for lower values of winaey the difference
reached 0.04. The bias calculated from satelliteasmements with MODIS (Moderate Resolution Imaging
Spectroradiometer) was ~0.05. The authors did indtdny significant differences in the Angstromaraeters between the
sites for the visible range, so it could be hypstbed that AOD values in the UV range also diffelyslightly. However,
for organic particles, the absorption in the UVgamay be larger than predicted using Angstromrpeters for the visible
range of the spectrum (Bais et al., 2015). Sindifferences between Warsaw and Belsk were repdaye@hubarova et al.
(2011), who analised results of aerosol measuresrignthe CIMEL sunphotometers located in Moscowdaoiy with a
population over 10 million) and Zvenigorod (popidatof approx. 16 thousand).

It seems possible that a large urban agglomeratofd generate specific cloud properties (dueheoheat island
effect and creation of specific cloud condensatioalei consisting of urban aerosols), higher logdihaerosols, and higher
albedo than that in urban sites. The working hypsithis that the Warsaw agglomeration producesic ¢ shield against
the incoming UV radiation. We will strive to suppdor disprove) the hypothesis by comparing thehemal and UV-A
(324 nm) radiation measurements by the BSs in Wassal Belsk for the period May 2013-December 2015.

2  Methodology

Monitoring of the UV spectra by BS is carried bytthe Institute of Geophysics, Polish Academy cieBces (IGF
PAS), at the Central Geophysical Observatory Bsilske 1992 by the single monochromator BS, setaiber 64 (BS064),
and in Warsaw since 2013 by the double monochran&$o serial number 207 (BS207) installed on thef (elevation ~25
m above street level) of the IGF PAS main buildiRgeviously, BS207 was working at Belsk (2010-203)mparison of
BS064 and BS207 for that period will allow us tsess the differences between the measured UV dase® instrumental
differences. BS207 was moved to Warsaw in the reidéi2013.

The present study focuses on differences in tgthemal and UV-A (324 nm) doses measured by the iBSs
Warsaw (52.3°N, 21.0°E, 130 m amsl) and Belsk (5\,.80.8°E, 190 m amsl). The wavelength 324 nmahasen because
it is one of the longest wavelengths measured tiirby both BSs and the gaseous absorption by thia tnace gases ¢
NO,, and SQ) is weak at this wavelength. The Belsk observaisipcated in a rural region (the largest orchagion in
Poland) far from urban and industrial developme&tsroundings of the city measuring site consisiraks , trees, concrete
constructions (buildings, pedestrian footpaths) asphalt roads.

BS064 is an older generation instrument - Markype, which is equipped with a single monochromaits
spectral range is 290-325 nm in 0.5 nm steps aspkatral resolution of 0.6 nm (FWHM). The specaeturacy decreases
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for higher values of AOD and for larger solar zknitngles, i.e. for cases with an enlarged coniohuof the diffuse

component in the total UV radiation that increases stray-light effect on the instrument. Furtherepat does not have a
ventilation system. The quality control of its perhance has been assessed by almost yearly calibragainst the

travelling world standard BS, serial number 17 (BBO BS017 itself is regularly compared with a séthree Brewer

instruments, so-called “Brewer reference triad’o(€iov et al., 2005). BS064 was also compared ®ghtham DM-150

during the project Quality Assurance of Spectrdtddiiolet Measurements (QUASUME) in May 2004 (Grébat al., 2005,

2006). The estimatedsluncertainty of the erythemal irradiance is abdat&robner and Schreder, 2004).

BS207 is the newest type instrument - Mark lll,iathis equipped with a double monochromator redycin
significantly the stray-light effect. It is alsow@gped with a ventilation system which preventsrbeating of the instrument
during hotter days. Its spectral characteristiestae same as BS064, however the spectral rangdés extends to 363 nm.
BS207 was calibrated against BS017 in 2012 and.28f@&r the calibration in 2013, it was moved to M&w. Furthermore,
it has been calibrated 3 to 4 times per year sBE¥ with a set of standard lamps that allows elation of instrument
ageing (loss of its sensitivity to UVR). For bottsiruments, the SHICRivm software was used to elxtka spectra up to
400 nm and to eliminate erroneous spectra (Slapedr,1995).

The erythemal irradiance is calculated as theghaleover the wavelength range 290-400 nm BS spexfter the
SHICRivm standardisation, which is weighted by #mgthemal action spectrum. The UV-A (324 nm) ireaxdie is taken
without any weighting. The erythemal action speattris that suggested by the Commission Internateonia I'éclairage
(CIE) (CIE, 1987). Further, the partly daily erythal and UV-A (324 nm) doses are calculated as a timtegral of the
pertaining irradiance for the 6h period for all-gignditions (local noon-3h, local noon +3h) and 3heperiod for cloudless-
sky conditions (local noon-3.5h, local noon-0.58)oudless-sky conditions are identified using a step algorithm. The
first step is a preliminary search for such dayagihe criterion: the solar UV irradiance derivatiwith solar zenith angle
is negative. In the next step, the smoothnesseofithe series for the day which fulfilled the firsiterion, is examined, i.e.
the bell-shape of the UV time series must be idiedti There is no strict mathematical criterion leggb here, but rather an
intuitive inspection of the time series shape.

Ratios between doses measured by BS064 and B826&d on collocated observations at Belsk for #véogd
October 2010 — April 2013, allow us to estimate dineertainty range of the ratio related to diffe@mnin BS instrumental
characteristics and in time of observations. ThenB&surements are not synchronised, as the specinges are different.
The same ratio is measured for the period of thes#ya observations (May 2013 to December 2015) l30BSo0 assess the
impact of the urban agglomeration on the erytheamal UV-A radiation. The LOWESS (Locally Weighteda8erplot
Smoothing) filter (Cleveland, 1979) was used fopething of the curves.

Numerical simulations for the cloudless-sky coindi$ of the ratio between Warsaw and Belsk weréopeed to
calculate differences caused by various factorsh as the geographical location (Belsk is slightlythe south), TQ
surface albedo, and aerosols properties (AOD, SSilwulations were performed with the radiation sfan model (RTM)

libRadtran (Mayer and Kylling, 2005). The followinghodel input parameters, which are from the sinmeltas
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measurements at both sites, are used in calcuatitaily mean total ozone by the BSs standard meamnts, AOD at 550
nm measured by the MODIS for the period 2013-20A6DIS Aerosol Product values are available globalhd include
AOD at 550 nm over land and ocean. Remote sendiraggmsol properties using MODIS is presented thoka et al.
(2004). In this study, we used arrays of Level 20M04, Collection 6) data produced daily at thetispaesolution of
10x10 km pixelation. From satellite data, we sadaaily mean values of AOD from the nearest pieghe measurement
sites. Other input parameters are constants regnegeypical values used in the UV modelling, efijpedo of 0.03 for rural
surfaces and SSA=0.92, which is a mean value meaddyr the CIMEL sunphotometer at Belsk (level Tdnf AERONET
— Aerosol Robotic Network) at 440 nm (http://aerogsfc.nasa.gov). We used SSA at 440 nm as a curfstathe whole
ultraviolet spectrum, as it was found that montalerages estimated from BS at Uccle were in clgseeanent 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 (Skettnd Fenn, 1979) and suggested that for this ¢fpmerosol, SSA is
approximately independent of wavelength. Therenareneasurements performed for SSA at the UV wagéterange. To
identify the impact of the selected parameter om thitio between the sites’ doses we use the RTMemadowing
variability only for this parameter and keeping stamt other RTM input parameters. For example, dantjfy the
dependence of the ratio on the geographical lotatiothe sites the RTM simulations were performsthg fixed TQ,

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

3 Results
3.1 Comparison between measurementsat Belsk

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/BSBé&yeen the 6h erythemal all-sky doses. The malrewf the ratio is
1.02 = 0.07(&). Figure 1b illustrates that the 1-1 relation begw the doses is appropriate for the whole rangeeafsured
irradiances. The coefficient of determination basedthis data set is 0.99. The mean ratio for U¥324 nm) is 1.02
0.07(%) for all-sky conditions.

Outliers greater than 10% sometimes appear, asndasurements were not synchronous. It is difficulhave
synchronised measurements by our BSs, as the scpiimie is different because of the various specarages, i.e. 290-325
nm for BS064 and 290-363 nm for BS207. BS064 measUlV spectrum three times per hour, BS207 only times per
hour. Thus local cloudiness may be a source ofelatgndard deviations of the mean ratios calculdigthg all-sky
conditions. To remove the effect of cloudiness,amalysed the ratios derived from 3h cloudless-skasaurements before
solar noon. The cloudless-sky doses were calculfiaed shorter period compared to those for theskafl conditions, as
cloudless-sky conditions in Poland usually prebaifiore noon.

Figure 2a shows the time series of the measurddb®8S207 ratio for the cloudless-sky conditionsl @he

corresponding scatter plot (Fig.2b). The mean vafube ratio is 1.01 + 0.03 ). and there is almost a 1-1 relation between
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the erythemal doses by both BSs. That is also stgghby high value (0.998) of the coefficient otetenination. For UV-A
(324 nm) doses, the ratio is 1.00 + 0.08)(IThus, the performance of BS064 and BS207 wastipadly the same during
the Belsk’s intercomparison. The agreement betwienoutput of both BSs was almost perfect, sugggstihat the

instrumental differences did not have much inflieeon the ratio between the doses.

3.2 Comparison between measurements at Belsk and War saw

BSs were working simultaneously in Warsaw and Bébsthe period from May 2013 to December 2015. The
erythemal and UV-A (324 nm) doses calculated fes¢hsites for 6h periods (local noon - 3h, locaim® 3h) for all-skies,
and 3h periods (local noon - 3h, local noon-0.%8in)cfoudless skies, were analyzed to find the Bel&csaw ratio between
the measured doses (BS064/BS207). If the ratioirddaduring the cloudless-sky conditions differgndicantly from that
obtained during the cloudless-sky conditions dutimg Belsk’'s BSs intercomparison, it will allow tesestimate the effect
of urban aerosols on the surface UVR. A similarrapph with the use of all-sky data will also pravidn estimate of the
effect of urban cloud on the surface UVR.

Figure 3 shows the time series of BS064/BS207 umedsratio for erythemal doses (Fig. 3a) and theAJV
(324 nm) doses (Fig. 3b) for cloudless-sky condgisimultaneously appearing both in Warsaw and kBdlging 3h
measurements. The ratio oscillates around 1.05imwitle range between 0.9 and 1.2. The main reasothis scatter is
using the interpolated erythemal (or UV-A) irradianvalues at the beginning (local noon-3.5h) artheétend (local noon-
0.5h) of the calculated period. BS observationslyacoincided with these moments. Thus linear patated values were
used, taken from observations closest to the baginor to the end of the period, i.e. the irrademalues just outside the
observing period were also taken into account. Miean value of the Belsk-Warsaw ratio is 1.06 + Q1% and 1.04 +
0.04 (I) for the erythemal and UV-A (324 nm) dose, resipebt. The corresponding values calculated for 6bed during
all-sky conditions (Fig.4) are 1.08 = 0.19jland 1.06 = 0.18(), respectively. Much larger uncertainty rangesef
estimates for all-sky conditions are due to theidiness effects, but the mean values of the ragimaly slightly larger than
those found during the Belsk intercomparison ofittetruments. In spite of possible different clqudperties over Belsk
and Warsaw during 6h measurements, the determiatiefficient values are still high, i.e. equalt®6 for erythemal and
UV-A (324 nm) doses. The 1-1 correspondence betwesas is maintained for the whole range of tha (fiy.5).

The standard statistical test for a differencghi@ mean values taken from two large samples ofidmown
distribution (Daniel and Cross, 2013) was usednd but if the BS064/BS207 mean ratio obtained myBelsk-Warsaw
comparison of BSs is significantly larger than thgo found during the Belsk intercomparison. Thdthesis that the
mean value of BS064/BS207 ratio is higher durirggBlelsk-Warsaw comparison is supported by theatetbte significance
level better than 0.01 both for cloudless-sky dhdlky conditions.
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3.3  Sourcesof the Belsk-Warsaw differencesin the erythemal and UV-A doses

The more northern location of the Warsaw sitelteso lower SZA of ~0.5° at the same time for Bfbservations.
Other factors affecting the ratio between the mesbwoses at the rural and urban site during cémsdtonditions are
differences in TQ surface albedo, and aerosol properties (AOD oX)SE this sub-section, the modelled cloudless-sky
irradiances are analysed for Warsaw and Belskdouds sources of the BS064/BS207 ratio variability.

The difference in the geographical coordinategHersites, which are based on the simulationee&tythemal and
UV-A irradiances at 10:40 GMT (i.e. near local npdhroughout 2015 leads to slightly higher valuésBalsk. The
modelled ratio changes with SZA (Fig. 6). The ageraatio over the whole year is 1.03 = 0.02)(1or the erythemal
irradiance and 1.02 + 0.01)Lfor UV-A (324 nm). For the warm period (from 15apto 14 September) modelled ratios
were 1.01 £ 0.003 @) and 1.01 + 0.002 €), but for the cold period (from 15 September toMay) modelled ratios were
1.04 +0.01 (&) and 1.03 + 0.01 @ — for erythemal and UV-A (324 nm) irradiancespectively.

The total ozone difference between the sites ite gqumall (Fig.7). The mean T@atio (BS064/BS207) taken from
all coinciding daily TQ values is 1.00 + 0.01 §). All data points are in close proximity to the@gonal line representing the
1-1 relationship between the variables (Fig. 7H)e Tnean modelled ratios between the erythemal and\{324 nm)
irradiances calculated for the selected fixed Shd the site measured T®alues are 1.00 = 0.01{}Land 1.00 = 0.002
(10), 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 inferredri the RTM simulations based on the measured ACE3@ nm
by MODIS for the period 2013-2015 on days whendhta were available for both sites. Daily AOD mearestaken into
consideration. The calculation was performed seplrdor various SZAs (40°, 60and 70°) and fixed SSA=0.92. Fig.8
shows that AOD at 550 nm is slightly higher ove tlity. The mean AOD is equal to 0.26 and 0.20 d¢iverurban and rural
site, respectively. RTM simulations performed usihg observed AOD values for various fixed SZAs°(48D° and 70°)
yield the BS064/BS207 ratio is almost the same *.002 (b) 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 to heavy vehicle emiss and
industry (mainly electric power), causing numer@ases over the EU air quality threshold (Monitorgstem of Air
Quality in Mazowieckie Region, http://sojp.wios.waawa.pl/). Like other large cities, it is expectiedt Warsaw produces
the well-known heat island that makes specific laaump layer, i.e. in the boundary layer factors likend, temperature,
moisture, turbulence and energy budget fields diifem nearby rural sites (e.g. Fortuniak et a02, Miao et al., 2009,
Haberlie et al., 2015), allowing anthropogenic aet® to reach higher atmospheric layers that magmee AOD and affect

cloud properties (e.qg. level of cloudiness, dropieg, liquid water content).
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The Warsaw agglomeration attenuates only sligthtéy erythemal and UV-A (324nm) radiation. Underudiess
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 adde2flayging the Belsk-Warsaw difference. The SZAeet due to the
longitudinal/latitudinal difference between theesitlead to 3% (or 2%) greater erythemal (or UV-Apeb at Belsk. The
difference is even larger in the cold period of ylear (for higher SZAs). The unexplained 1% higheses at the rural site
for the erythemal doses ratio could be attributabl@strument issues.

It seems possible that urban aerosols lead to higbsorption of the UV irradiance, i.e. small SS#lues (<0.9)
could characterise such aerosols. On the other, hhadilbedo of urban surfaces is higher in theviess period, 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 @Me&x asphalt and grey surface cement sites. SHmur times larger than
the commonly used albedo of 0.03 over grass. Pairial. (2004) found that over some non-shadeds pdrthe city with
high albedo (e.g. concrete surface) there is anlificagion of the human exposure of up to 7% foopke in the upright
position. We performed RTM simulations with the ebh®d TQ and AOD values over Warsaw to fully compensate (by
absorbing aerosols) the UV increase due to chaingebedo from 0.03 to 0.12. SSA=0.86 and 0.8538A=60° and 30°,
respectively, are found for the city site, i.eQ®and 0.07 less than the value previously usealinrRTM simulations for
rural aerosols. Such estimate looks probable, @sNarsaw observing site is among the most pollpiads of the city
because of abnormal vehicle emissions in the neady city roads.

Fountoulakis et al. (2016) discussed factors itgmdrfor the UV spectral variability in Thessalanikhey pointed
out that the cloudless-sky UV-A irradiances coutdsensitive not only to AOD changes but also to $B8&nges. Kazadzis
et al. (2009b) found that UV-A irradiance incre@s&hessaloniki for the period 1998- 2006 cannoekelained only by the
AOD changes, but also by the changes of SSA oweatba, due to the improvement of the air qualigré. Chubarova et
al. (2011) analysing results by CIMEL sun photormrsetecated in Moscow and in Zvenigorod (less peliusite) found that
the uncertainty range of SSA is too high, preclgdiiscussion of the SSA urban effects. Howevery thend that SSA in
Moscow for the visible range of solar radiation via82-0.03 smaller than that obtained from therclsiée. It is worth
mentioning that there is a lack of the direct eatail to obtain SSA from UV spectral measurementsindlirect method for
BS was proposed by Bais et al. (2005) dependinfp@assumed values of the asymmetry parameteacsuatbedo, aerosol
vertical profile, and the extraterrestrial solaespum.

The cloud effects should be more pronounced dutiegvarm period of the year, where the city hsknd may
generate stronger convection than that in the peldod of the year. Romanov (1999) analysing NOAseBite images
retrieved higher cloud cover in summer over certascow compared to its suburbs. Inoue and Kim2@#94) found that
in Tokyo there were more low-level clouds in thensoer period (July-August) compared to rural siteskanto region.
Moreover, urban heat islands lead to more thundersinitiation episodes (e.g. Shepherd, 2005; Habet al., 2015).
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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 increase the number of drepleausing larger cloud optical thickness (COT) &indlly higher
attenuation of radiation reaching the Earth's sexfa hus, additional cloudiness generated oveerlaities may act as an
umbrella against excessive UV radiation. We cateuBS064/BS207 ratio during Belsk-Warsaw comparisampaign
taking into account measurements in the warm pefiedViay — 14 September. We expected to find adrigatio for that
period according to the classical theory statedr@abblowever, the ratio is only slightly lower, i206 + 0.17(&), for the
erythemal doses, and 1.06 + 0.16(for UV-A (324 nm) doses, and part of this diffece is the effect of different SZAs
between the sites. This may suggest that conteaexpectation, COT is smaller over urban areasetlal. (2005) discussed
aerosol-cloud relationship over New York and Honsfbhey found that thick urban aerosols corresgorldw COT there.
Thus, it seems possible that increased cloudinesiswban areas does not necessarily mean incredtseaiation of solar
radiation, since modification of the cloud struetand properties by the urban aerosols may le#itietéormation of clouds
which attenuate the solar radiation less effecyivel

Our study proves that the UV level in Warsaw ighgly lower than that found in cleaner suburbghef city. Thus

urban aerosols and clouds over Warsaw do not peamideffective shield against excessive UVR.
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5 Figure la: Theratio between erythemal 6h (noon+/-3 hr) doses measured by the Brewer Spectrophotometer No. 64 and No. 207
whileworking simultaneously at Belsk (all-sky conditions). The solid curve representsthe smoothed data by LOWESSfilter.

Figure 1b: Scatter plot of doses measured by Brewer spectrophotometers No. 207 and No .64.
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Figure 2a: Same 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: Same 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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5 Figure 3: The Belsk/Warsaw ratio between the partial daily 3h doses (noon-3.5h, noon-0.5h) measured during cloudless-sky
conditions existing over both sitesfor erythemal doses (a) and UV-A (324nm) doses (b). Solid curves represent the smoothed data

by LOWESS filter.
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Figure 7a. The ratio between total ozone values measured by the Brewer Spectrophotometer No. 64 and No. 207 while working
simultaneously at Belsk and in Warsaw for the period May 2013-December 2015. The solid curve represents the smoothed data by
LOWESSfilter.

Figure 7b: Scatter plot of total ozone values measured by the Brewer Spectrophotometers No. 207 and No. 064 while working
simultaneously at Belsk and in Warsaw from May 2013 to December 2015.
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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 representsthe smoothed data by L OWESSfilter.

5 Figure8b: Scatter plot of AOD at 550nm measured by M ODI S over Belsk and Warsaw from May 2013 to December 2015.
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