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Abstract. The amount of ultraviolet solar radiation reachthg Earth’s surface is significantly affected bynaspheric
ozone along with aerosols. The presented papescisséd on a comparison of the total ozone and atmeoe aerosol
optical depth in the area of Poprad-Ganovce, whidituated at the altitude of 706 metres abovdesgs in the vicinity of
the highest mountain in the Carpathian mountaihg. direct solar ultraviolet radiation has been mess here continuously
since 1994 using a Brewer MK IV ozone spectrophetiem These measurements have been used to caltiWatotal
amount of atmospheric ozone and, subsequentlygptical depth as well. They have also been usedetermine the
atmospheric aerosol optical depth (AOD) using thedley plot method. Results obtained by this methete verified by
means of comparison with a method that is a pati@fOperational Brewer Program, as well as witlisneements made by
a Cimel sunphotometer. Diffuse radiation, straydigffect and polarization corrections were apptedaalculate the AOD
using the Langley plot method. In this paper, taotdrs that substantially attenuate the flow oédlirultraviolet solar
radiation to the Earth’s surface are compared.ddper presents results for 23 years of measureprentgely from 1994 to
2016. Values of optical depth were determined fier wavelengths of 306.3 nm, 310 nm, 313.5 nm, 3at&nd 320 nm.
A statistically significant decrease in the totptical depth of the atmosphere was observed witexalmined wavelengths.

Its root cause is the statistically significantglin the total optical depth of aerosols.

1 Introduction

It is known that anthropogenic changes in the amoftitotal ozone and atmospheric aerosols havenaiderable impact on
the solar UV radiation reaching the Earth's surf@oe Bock et al.,, 2014; Czerigka et al., 2016). An increased
transmittance of UV radiation through Earth's atph@se has a manifest influence on human healtiandgal ecosystems.
Higher doses of UV radiation have adverse effecinliy on terrestrial plants that are exposed tonita long-term basis
(Jansen et al., 1998). Exposure of human orgarasexdessive UV radiation doses may cause premageaiag of the skin,
weakening of immune system, and damage to cellsDamél, which may consequently lead even to skin earand other
health conditions (Greinert et al., 2015). Positefeects of UV radiation are known as well, whiaftlude vitamin D
production in the skin in particular. This vitamgimuch needed for proper functioning of a humaganism (Kimlin and

Schallhorn, 2004). In the past, anthropogenic imfEtto the increased transmittance of solar Udation through Earth's
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atmosphere as a result of a decrease in the totalist of ozone. Global ozone layer depletion begaishow more
significantly in the 1980s, reaching its peak wiitle value of ca 5 % (with respect to the averagdhe period of 1964—
1980) in early 1990s. The depletion has already Ibeduced in recent years, amounting to ca 3 %verage for the whole
Earth (WMO, 2014). In the middle latitudes of thertthern Hemisphere (35° N—60° N), the depletionorbne layer
reached 3.5 % around 2010 (2008-2012). The deplefiaup to 6 % was peculiar to the middle latitudéthe Southern
Hemisphere (35° S-60° S) in the same period (WMIQ42

On the other hand, anthropogenic emission of atsastm the atmosphere causes reduction of solaradNation reaching
the Earth's surface, especially in industrializegha. In the early 1990s, it was determined thkr 4dV-B radiation had
decreased by ca 5-18 % in non-urbanized areago$tirialized countries since the Industrial Reviolutas a result of air
pollution (Liu et al., 1991). Anthropogenic aerasabay reduce the UV radiation reaching the Eaghiface by more than
50 % even in highly polluted urban areas (Krotkbale 1998; Sellitto et al., 2006). Anthropogerimissions of aerosols
have been gradually reduced in the developed desnaand a drop in the aerosol optical depth (A@&3 been observed in
several locations (Kazadzis et al., 2007; Mishcleeakd Geogdzhayev, 2007; Alpert et al., 2012; dé Bteal., 2012;
Zerefos et al., 2012). Aerosols have a substasefi@ct on other physical and chemical processemdaglace in the
atmosphere as well (Seinfeld and Pandis, 2006; ®&egldra Kumar et al., 2010). They affect predontigahe chemical
composition of the troposphere and, in certain $asé the stratosphere as well, primarily with megéo major solar
eruptions or flights of aircraft (Finlayson and t®it2000; Seinfeld and Pandis, 2006). They cancaedhe visibility
(Lyamani et al., 2010) and also have a significaffect on human health in many cases (WHO, 2006¢ presence of
aerosols in the atmosphere has an impact on thgyehalance of the Earth as well, namely direcsigmi-directly and
indirectly (De Bock et al., 2010).

The direct impact means scattering and absorptibrshortwave and longwave radiation. Absorption afliation
subsequently leads to warming of those atmosplperits, where aerosols are present (primarily irbthendary layer of the
atmosphere) and higher temperature consequently tesevaporation of cloud layers. The last sem@&oncisely described
the semidirect impact, resulting in a higher dgnsftsolar radiation flow reaching the Earth’s s (Cazorla et al., 2009).
The higher temperature may lead to a change ofthlestratification of the atmosphere, which consedly affects vertical
and horizontal movements of air in the atmosph@&tee indirect impact pertains to the ability of ez to act as
condensation nuclei or ice nuclei, which affectsnophysical and optical properties of clouds. Yietponcerns a change of
their radiation characteristics, change of atmosphpgecipitation characteristics, and alteratinrtlioud lifetime as well. An
increase in the number of condensation nuclei léadse rise of cloud droplet count and to the otidn of their size under
the given conditions of water content in the atnh@sp, causing an increase of albedo and extendiatood lifetime
(Lohmann and Feichter, 2005; Unger et al., 2009). the said reasons, the anthropogenically emékwsol particles
considerably contribute to the ongoing global clienehange, while their influence on radiation baéais still uncertain to a

great extent (IPCC, 2014, and references therein).
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This paper is focused primarily on the aerosol aghtidepth obtained by measurements made using téeeB ozone

spectrophotometer and presents one of the possibtbodical approaches to its calculation. The mtesk method is
verified by means of an alternative method of ACiIcalation and is also verified by Cimel sunphotteneneasurements.
In the paper, obtained values of AOD are comparét the impact of total atmospheric ozone opticaptth on the

reduction of solar UV radiation. The Brewer speghotometer allows determining the optical deptthemUV region of the

spectrum for the wavelengths of 306.3 nm, 310 nb3.8nm, 316.8 nm and 320 nm. It was determinedherperiod of

1994-2016. The examined series is 23 years longzhwénabled to quantify a linear trend of examimgdical depth

characteristics.

The employment of Brewer spectrophotometer measem&srto determine the AOD as well has already Ipedatished in

multiple studies. Some of them presented only skeries of measurements. Therefore, they do néwdacmultiannual

trends of AOD (Carvalho and Henriques, 2000; Kiaffiet al., 2001; Marenco et al., 2002). It is nhaimore recent papers
that present also multiannual measurements, byt doenot always present trend information as willis stated in

Jaroslawski et al. (2003) that the development ©DAfor the Polish Belsk station in the period 08292002 appears to
have no trend. A quantification of the trend foe Belgian Uccle station can be found in Cheymol BedBacker (2003). It
indicates a significant negative trend at the lewél 26 for all wavelengths for Brewer MKII spectrophotaee

measurements in the period of 1989-2002. For exantipé trend value for 320.1 nm is —2.13 +0.39 %fly# also states
that equally significantly negative trend was nbserved for the period of 1984-2002. The trend evdbr the above
wavelength was only —0.78 +0.42 %/year in thatqukriThe trend is also mentioned in Kazadzis €28i07), namely for the
Greek Thessaloniki station in the period of 19908Mata analysis for the Brewer MKIII spectrophmotter adjusted for
the seasonal cycle using a linear regression shoheettend of —2.9 £0.92 %l/year for the wavelengjti320.1 nm. It was

also determined by a Student’s t-test that théssital significance of this change was more than@

2 Methodology
2.1 Location of experiment

The Brewer ozone spectrophotometer (MKIV) and ttmmel sunphotometer are located on the roof of admg of the
Aerological and Radiation Centre, Slovak Hydrometéagical Institute (SHMI), in Ganovce near theyaif Poprad. Their
coordinates are 49.03°NW lat. and 20.32 EW longh wie altitude of 706 m above sea level. The atmmntent in the air,
both total amount and composition by types, is meiteed by local sources on one hand, and by atnes&pbirculation on
the other hand, which can move a certain air magsther with aerosols even for several thousarairigtres. In isolated
instances, it may also concern a transport of Sathast from Africa. The Sahara dust was present tireeSlovak Republic
at least for 20 days in 2016 (Hegdk, 2016). Major local sources include productsalfd fuel combustion in adjacent
municipalities and the agriculture. A bare dry swileven plant products are often blown away bydwas the location is

rather windy. The proximity of the city of Poprada(1.5 km) with the population of ca 53,000 andiotes industrial
3
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activities plays a certain role as well. On theeothand, it is a submontane location, since thédsgmountain of the
Carpathian mountains (2,655 metres above sea lisveifuated only 20 km away from the station. pitesof the proximity

of the mentioned city, the area can be deemed irugdneral with respect to the anthropogenic irhpac

2.2 Instrumentation

The Brewer ozone spectrophotometer (No. 97, aeinginochromator — model MKIV) is a scientific instrent operating
in the ultraviolet and visible region of the sodgectrum. The Brewer spectrophotometer was origidaisigned to measure
the vertical column of ozone in the atmosphere \{gre 1973). More recent instruments (including tnedel MKIV) allow
measuring the vertical column of IO, (for this purpose, measurements of solar radiaienmade in the visible region
of the spectrum) and global UV radiation as wetbiffi 290 to 325 nm, with an increment of 0.5 nm)e Tistrument breaks
down the solar radiation reaching the Earth’s sgrfasing its optical system and selects predetednmmavelengths with
higher and lower absorption of;@nd SQ from the ultraviolet part of its spectrum. On thasis of different radiation
absorption for the selected wavelengths, it is ipdesso derive the total amount of given gaseshimvertical column of the
atmosphere (using the DS (direct sun) or ZS (zeskith measurements). The spectral separation af sadliation is carried
out by means of a modified Ebert f/6 spectrometdrich uses a holographic diffraction grating withesolution of 1,200
lines per one mm (Sci-Tec, 1999). The instrumeattibty of Brewer spectrophotometer measurement9i81 nm, namely
throughout the temperature range (Sci-Tec, 199%e Value of the smallest wavelength increment (@step) is
0.006 £0.002 nm (Sci-Tec, 1999).

It performs standard measurements of direct saldiation (DS) in the UV region of the Brewer speptrotometer at five
selected wavelengths, namely 306.3 nm, 310 nm,5343, 316.8 nm and 320 nm. They are not complatgtical for
individual instruments, which is given by minor fdifences in the position of a measurement slit atigbr minute
mechanical and optical differences (Savastiouk ldcélroy, 2005). The aforementioned five wavelengtbgresent their
long-term average, as very small changes in theé gccur over the years. During the monitored 2ary, the sizes of
wavelengths were refined five times in total. Thadcurate sizes were used at the beginning of taei@ed period. In
1994, the sizes were 306.276 nm, 310.04 nm, 31H494316.799 nm and 319.999 nm. The end of thegethat is 2015,
was characterized by values of 306.276 nm, 3100035313.476 nm, 316.755 nm and 319.989 nm. Obseteegidtions are
only minimal. Therefore, the aforementioned longrteaverage is generally applicable to the wholéogefThe instrument
No. 097 has undergone regular 2-year calibrationsdaily tests using internal lamps (mercury aaadard lamp) from the
start of the measurements (18 August 1993). Thibratibns are provided by International Ozone Smwi(I0S). The
instrument is calibrated against the World BrewesfdRence Triad (World Meteorological Organizatiomnslards),
maintained by Environment Canada, by means of &plerreference instrument No. 017.

Direct solar radiation measurements can be useétermine the aerosol optical depth as well. Thiscal property can be
determined in the ultraviolet region of the solgrectrum for the five aforementioned wavelengthg, vdiich the

DS measurement is performed by default. It is knévat the utilization of Brewer spectrophotometecalculate the AOD
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encompasses particular sources of potential systeeraors. If these errors are neglected, it neadlto negative values of
the Angstrém exponent for the examined wavelenffinsla and Koskela, 2004). The first source of esris the impact of
undesired diffuse radiation transmittance on the M&surements. The second source is the daily ofclezone in
urbanized areas. The third source is the negletM@f absorption impact. In addition, the stray-lighteef is the fourth
source for the single monochromator. It is statedriola and Koskela (2004) that the neglect of g€ radiation impact is
potentially the biggest source of errors. On thetieoy, the neglect of stray-light effect has tbhevdst impact. Unlike the
AOQOD for the shortest and the longest wavelengghinifpact in the cited paper is approximately 7-foldter than the diffuse
radiation impact. In the light of the listed erroitsis not recommended to determine extrater@stonstants (ETCs) using
the Langley plot method (LPM) for low altitude $tais in urbanized areas, unless corrections forirtigact of diffuse
radiation and the daily cycle of ozone are knowme Tmpact of daily ozone cycle and Bi€an be neglected considering the
rural location and higher altitude of the Popradi@#&e station. The diffuse radiation impact andystight effect were not
neglected. A recommendation to ensure the air faarésr does not exceed the value of 3 in the catmn of ETCs was
taken into account as well. It is important to ni@mtthat the polarization effect is another pot@nsiource of systematic
errors as well (Cede et al., 2006). The polarizatifiect for the instrument No. 97 was not deteadidirectly. It is assumed
that the dependence of polarization effect on #atla angle is similar for all types of Brewer spephotometers (Cede et
al., 2006). As a result, corrections published @d€ et al. (2006) could be applied to the instrundm 97. The impact of
temperature changes was not also neglected. Thections resulting from the changes in temperad@itee instrument are
allowed for in the adjustment of raw data.

The CE 318 NE dP automatic Cimel sunphotometer used to verify the AOD values obtained by the Bmrewe
spectrophotometer (Cimel — advanced monitoring520lt is an instrument that enables to measuraliteet, diffused and
polarized solar radiation. It performs measuremehtdirect solar radiation for the selected wavgtés in the ultraviolet,
visible and infrared region of the spectrum (Cimeldvanced monitoring, 2015). AOD values obtairedlie wavelengths
of 340 nm and 380 nm were used for comparison thithmeasurements of Brewer spectrophotometer. Oin@isotometer
began to perform first measurements at the Popéatb®e station on 12 December 2014. If the condtalow, it is in
automatic operation every day except for the cafibn period. For that reason, no continuous measents are available.
The calibration period is approximately 2 monthsdpand the instrument is away from the statiorinduthat time. The
calibration is provided within the AERONET (AEro$RDbotic NETwork) global network and is carried dayt Service
National d’Observation PHOTONS/AERONET, Laboratait®ptique Atmosphérique, CNRS-Université de Lilznly the
level 2.0 data were used in this paper. It is fhbdst possible level defined within the AERONET.

2.3 Calculation of total ozone optical depth

Measured values for the total column ozone amob@t)) obtained by the direct sun (DS) procedure weed to calculate
the total ozone optical depth. A DS measuremepeiformed only with the relative optical mass afslehan 4 and it takes

approximately 2.5 minutes. During that time, thegity of solar radiation flow is measured five tenfer each of the five
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wavelengths. Thus five values of total ozone in &wbunits (DU) are obtained from a single DS me=sent, which are
consequently used to calculate an average anchdasthdeviation. Only the measurements that meestdmdard deviation
criterion (STDEV< 2.5 DU) are selected for further data analysise Total ozone was calculated using the Brewer
Spectrophotometer B Data Files Analysis Prograrwsoé v. 5.0 by Martin Stanek (http://www.o3sofi@@brewer.html).
The optical depth was calculated for each accepafck of the total ozone. The calculation is repnésd by the following

equation:
Tp05 = Qo,a(L,T) = Qp,0(4, T, (1)

where 1, o, is the total ozone optical depthy, is the total ozone in Dobson unitgA, T) is the absorption coefficient for

ozoneo(4,T) is the effective absorption cross-section of theng molecule (it is usually quantified for 1 grandn is the
molecule count in the volume determined by 1 DU anzh?; for Os, it is a constant with the value nf= 2.687 = 10°
(Schwartz and Warneck, 1995). It is recommende@ariund et al. (2017) to utilize the same effectisorption cross-
sections of the ozone molecule to calculate badhlBO and its optical depth, which is required étedmine the AOD. The
Operational Brewer Program for the Brewer spectotgieter utilizes the effective absorption crosstieas of the ozone
molecule, which are determined on the basis of BaglsPaur measurements (Bass and Paur, 1985)sddiesis employed
to calculate the total amount of ozone within tleéwork of Brewer spectrophotometers according éordtommendations
of the International Ozone Commission (http//wwwl.esaa.gov/gmd/ozwv/dobson/papers/coeffs.html).

Today, more recent and accurate values of effeatibs®rption cross-sections are already availatdecban measurements
of the Molecular Spectroscopy Lab, Institute of Eommental Physics (IUP), University of Bremen,
(http://lwww.iup.physik.uni-bremen.de/gruppen/molsplatabases/index.html; Gorshelev et al., 2014y&ehenko et al.,
2014). More recent values according to the IUP wexed to calculate the ozone optical depth andAtbB. In order to
preserve the consistency between the calculatiooptital depth and the calculation of the TCO, @swnecessary to
calculate the TCO values according to a more resetindf IUP. This calculation was carried out astpe recommendations
in Redondas et al. (2014). The dependence of eféecross-section on the temperature is very ingmrtA so-called
effective temperature for the given gas is usuadlgd. In case of ozone measurements using the Bspwetrophotometer,
an average standard effective temperature of —4®28.15 K) is defined (Redondas et al., 2014).tAeodifference in the
calculation of the TCO compared to the OperatidBa@wer Program pertained to the used absorptioffficeats for
Rayleigh scattering. Instead of coefficients usgdiéfault, the value of TCO was determined withffioients according to

Bodhaine et al. (1999), which is in line with coeifints used to calculate the optical depth.
2.4 Calculation of aerosol optical depth

The Langley plot method (LPM) was employed to clatsithe AOD. It is a traditional method employedctlculate the
AOD by the Brewer spectrophotometer (Carvalho aedrigues, 2000; Kirchhoff et al., 2001; Silva anickhoff 2004;
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Cheymol et al., 2006; Sellitto et al. (2006). Thiethod requires stable atmospheric conditions d@eoto determine the
extraterrestrial constant (ETC). It needs mainlgva variability of the total ozone and atmosphex@osols during the day,
for which the ETC is determined. It is also necgsda avoid an impact of cloudiness on direct salkadiation (DS)
measurements and to ensure a sufficient scopenithzangles of individual DS measurements during dlay, which is
needed for the given method.

For the said reasons, this method is most appitepioa lower latitudes (especially in montane regimear the tropics), and
it has certain limitations in the middle and partély higher latitudes (Nieke et al. 1999; Marer&@07). This method of
AOD calculation has already been applied to theréxad location of Poprad-Ganovce in the past (Hoké, 2002). An
alternative method of AOD calculation, developed\bgdimir Savastiouk, has been available since 2 #%vastiouk and
McElroy, 2005; Savastiouk, 2006; Kumharn et al.120 In this case, an algorithm of AOD calculatigna part of the
Operational Brewer Program. Hence, the given methitidbe referred to as the Brewer software metiiB&M) in this
paper. The fundamental difference against the pusvimethod is that ETCs for individual wavelengihs not determined
using the LPM. They are obtained during calibrattdrthe instrument, hence once in 2 years. Theie & determined
during calibration based on a comparison with tletgle reference instrument No. 017. Neglectednges in the
sensitivity of the instrument over shorter timeipéds represent a disadvantage of both method$ea&TCs are fixed for a
longer period — 2 years in both cases. The LPMiegph this paper employs fixed ETCs for a 2-ye#eiicalibration
period, which is identical with the standard intdifaration period for the measurement of ozones lhssumed that any
significant service modifications to the Brewer cpephotometer during calibration may affect bdtle ttalculation of
ozone and the calculation of AOD. For that reaiem period not exceeding 2 years was used.

To calculate the AOD, it was necessary to applyBber—Bouguer—Lambert law:

—Uo, a(A,T) Qp, — ‘B(A)P—p. T
SA=SO,1€_”WT/1=SOI1e_”0371.03_”77/1.r—l4afl.a=SO/1€ 03 ) 03 ~Hrp aTia (2)

whereS; is the flux density of solar radiation flow foretlselected wavelength expressed by photon couniniteof time on
Earth’s surfaces$, ; is the flux density of solar radiation flow foretiselected wavelength expressed by photon counirjer
of time above Earth’s atmosphere (extraterrestaaistant — ETC)g, is the total optical depth of atmospherg,, is the
optical depth for ozone; , is the optical depth for Rayleigh scattering, is the optical depth for aerosols, angis the

air mass factor for atmosphere as a whole. Itsevalias calculated as a weighted arithmetic averdgmdividual
aforementioned components, while the optical depengiven component was the weighting factor.

Furthermorey,, is the airmass factor of the ozone layer deterchaecording to Komhyr (1980),. is the air mass factor
for Rayleigh scattering determined according tot&asand Young (1989). is the air mass factor of aerosols determined
according to Kasten (1966), assuming fhat uy, o, a(A,T) is the absorption coefficient for ozorsk,, is the total amount
of ozone in Dobson unitg(1) is the normalized optical depth for Rayleigh smatig (for the standard atmospheric air

pressure and the vertical columA)is the atmospheric air pressure in the locatiomlefervation (the daily average was
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used), and’,;, is the standard atmospheric air pressure (10185 The contribution of sulfur dioxide was negéekt
namely due to its low impact and due to its inaataidetermination as well.

The normalized optical depth for Rayleigh scatgrf(1) was calculated according to Bodhaine et al. (1999).
The use of coefficients according to Bodhaine et @999) is in compliance with the recommendations
of the NOAA (National Oceanic and  Atmospheric  Adisiration). An  NOAA  document
(https://www.esrl.noaa.gov/gmd/grad/neubrew/docglietghinBrewer.pdf) states that standard coeffitsenfor the
Operational Brewer Program must not be used taitzkethe AOD. It is stated in Carlund et al. (20thét the total amount
of ozone calculated using the standard coefficientégher compared to the use of coefficients etiog to Bodhaine et al.
(1999).

The value of; was obtained by adjustment of raw data (raw cQuittés essential to keep the sequence of theviotig
steps in their adjustment. In the first step, rawmrds saved in a B-file were converted to courggain the second step,
deadtime compensation was applied. After the deedtiompensation, a correction was applied to ttag-4ight effect. In
the fourth step, a correction for the temperatugpethdence was applied, including a correction fer utilized neutral
density (ND) filter. These filters are automatigafielected by the Brewer spectrophotometer witlpeeisto the current
density of the solar radiation flow. There are 5 Migrs and 5 wavelengths as well, so 25 atteoumatalues are needed in
total. The attenuation values of given filters determined during calibration of the instrumenteTimpact of polarization
was compensated in the fifth step. The last six¢p snvolved the correction due to the impact dfudie radiation on
DS measurements. When the above criteria are appfiee initial values ofS, will be obtained from a single
DS measurement, and subsequently, the AOD will dleutated from each of them. The final AOD for thaen
DS measurement is calculated as an arithmetic geeyifive values.

The ETCS, ; was determined using the Langley plot method. Ddmegley plot method employs multiple measurements o
the direct solar radiation at various zenith angiethe Sun in the sky. Its fundamental princieas follows: The above
Eq. (2) is adjusted by applying a natural logarithm

In(S7) = In(Sp2) — HwTs - 3)

There is one equation available for every singleasneement of the direct solar radiation, whileandIn(S;) are the
knowns, andn(S, ;) andr,are the unknowns. A number of equations equal@émtimber of measurements will be acquired
by applying multiple measurements at various zeaitlgles of the Sun. Theoretically, it is feasibbe determine the
unknowns already from two measurements, but forptlagtical purposes, it is advisable to acquirenagy measurements
as possible. That will guarantee a higher accuddiclie result. It is essential to linearly interg@ the obtained dependence
of natural logarithm of the solar radiation flowngéyIn(S;) on the total air mass factor of the atmosphegreising the
method of least squares. The inclination of obthitiee a (from the equation of a straight line= ax + b) equalst;.
The natural logarithm of ETGh(S, ;) is obtained wherx (in the equation of a straight line) equalsxOr¢presentg,,).

The ETC for the given wavelength is valid for theire intercalibration period, hence for 2 yeats.determination follows
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the following procedure: The ETCs for individual weéengths can be determined solely on days that theefollowing

conditions:

1. The air mass factor for the atmosphere as aankdéss than 3.

2. The AOD calculated as an average of five valuiglsin a single DS measurement for the wavelendtB2® nm is less
than 0.5.

3. The difference between the maximum and minimaitaesof AOD within a single DS measurement is thas 0.03.

4. The number of direct solar radiation measuremisrat least 50 (i.e., 10 DS measurements).

5. The difference between the maximum and minimurmass factor for the atmosphere as a whole iatgrehan 1.

6. The standard deviation from the measured valtid®e total ozone on the given day is less than 2.

7. The standard deviation from the measured AODesbn the given day is less than 0.07.

8. |ln(S,1)L- — ln(S,l)]-| < 1.75 *

Zijm |m(sjl)i_m(sl)"|, whereln(S;); is the value ofn(S;) obtained from the equation of
linear interpolation after the substitution of @&sffic u,,, In(S,); is the actually measured valuelnsS,) at the given value
of u,,, andn is the total number of direct solar radiation meaments on the given day. The fundamental priadiplto
exclude measurements that have too high valuessafues of the linear interpolation (greater thaagqual to 1.75 times the
average of the residues on the given day). Thaltotd value of 1.75 in the above equation was t&ddeased on the results
of an optimization test. The goal of the test wastquire the maximum possible number of days wéty good linear
interpolation (the selected days had to meet thiéarmondition).

9. The determination coefficient for the linearimtolation is greater than 0.98.

The conditions defined above were applied respelgtivi he following criterion was applied to all detined ETCs within

the given intercalibration period:

|ETC —AVERAGE (ETCs)|
STDEV (ETCs)

where AVERAGE (ETCs) is an average of the deterthiB€Cs and STDEV (ETCs) is a standard deviationaderage is

calculated from the ETCs that meet the said caterThis average is valid for the entire interaation period. The final

< 1.5, (4)

values of ETCs used to calculate the AOD were akigl only after two iterations. At the beginningwias not possible to
apply the second and third criterion. It was pdssib do so on the first and second iteration. EA€ varies around its
mean value with regard to the distance of Earthmfrthe Sun. Its correction was carried out accordiagthe
recommendation of the Guide to Meteorological unsients and Methods of Observation (WMO, 2008). @ddeulation of
apparent elevation and apparent zenith angle oBthrein the sky was also made as per the recomniensiaf the WMO
(WMO, 2008). The apparent elevation of the Sun titutss the fundamental principle in the calculataf air mass factor.
All final values of AOD have undergone a cloud stieg process, which is illustrated schematicallyig. 1. Prior to the

cloud screening process, all negative values of A@&e deleted. The first step of cloud screeningoidelete the

9



DS measurements with a standard deviation fpr Q.5 DU (described in more detail in Sect. 2I8)the second step, all
AOD values> 1.5 were deleted. Comparison of AOD values aboSeohitained from the Brewer spectrophotometerter t
Belgian Uccle station determined that they coultlbm paired with Cimel sunphotometer measuremerai éDe Bock et
al., 2010). It proves that the limit of 1.5 is stavgiated for Poprad-Ganovce station. The thirgh steas to delete the
5 DS measurements with a differencetbeen the maximum and minimum AOD value greaterequal to 0.03.
The international Cimel sunphotometer network AEREINuses a limit for measurement triplet (three meawents per
minute) with the value of 0.02 (https://aeronetgsisa.gov/inew_web/Documents/Cloud_scr.pdf). Weédddcto apply a
less stringent criterion because our case invofixed measurements performed in ca 2.5 minutes. dtteched diagram
shows that the limit of 0.03 has caused a condidieraduction in the total number of DS measuremefpplication of the
10 second and third criterion has resulted in a rédocof the total number of measurements by up to%3The DS
measurements that satisfied all three previousr@iivere included in a so-called daily databasda#y standard deviation
of AOD (SDAOD) and a daily average of AOD (AAOD) fee determined from these measurements. When
SDAOD < 0.015, all AOD values in the daily databasere transferred to a final database (Good AODhew
SDAOD > 0.015 in the fourth step, all DS measurementshengiven day underwent the last fifth step. Théofaing
15 applied to the fifth step: When the difference begw the AOD for a given DS measurement and thg dagdrage AAOD
was> 0.5, the DS measurement was not included in tied fatabase. A total of 36,497 DS measurements imeluded in

the final database. That represents 57 % of tlaé noimber of measurements that entered the setepascloud screening.
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Figure 1: Schematic illustration of cloud screening The number of DS measurements that satisfy the rpective criterion is
20 indicated on the left side.
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Comparison of AOD values obtained by the Cimel sumtpmeter with AOD values from the Brewer spectaipmeter was
not executed directly. First, the value of Angstr@ponent was determined using pairs of wavelengihg their
corresponding AOD values:

_ IOE(Tll/TAZ)

o = —Dhalh) (5)

log(A1/22)

wherel; = 340 nm and, = 380 nm. On the basis of Angstrém exponent aedktiown value of AOD (for the shorter
wavelength), an AOD value for the wavelength of 320 was determined in the next step. This calcutaivas carried out
for all individual measurements. The main goal luk tcalculation was to acquire a comparison of A@D the same
wavelength, which is more relevant.

The following procedure was employed to calculai@iidual characteristics of the total ozone andDAGptical depth:
Daily averages were calculated as an arithmeticagecof all values for the given day (minimum oforalue). Monthly
averages were calculated as an arithmetic averbgach days, for which an average daily value wazslable. Annual
averages were calculated as an arithmetic averfagdividual monthly values. A linear trend was aahted by means of a
linear regression using the least squares methadauocorrelation was not confirmed. Thereforewdéts possible to
determine the linear trend. The uncertainty oflthear trend is defined by the standard deviatios) (Of the slope of the
obtained linear dependence. The value of lineandti@nd the standard deviation was determined fogreod of 10 years.

The seasonal cycle was eliminated by annual average

3 Results and discussion
3.1 Correction for the diffuse radiation, stray-light effect and polarization

The correction of diffuse radiation impact on DSasgrements was made pursuant to the recommendatidrsla and
Koskela (2004). The fact that the full field of wieeached the value of 2.6 for the Brewer spectwtapheter was taken into
consideration. A ratio of the circumsolar radiatimnthe direct solar radiation was calculated udimg SMARTS 2.9.5
programme (available at https://www.nrel.gov/rreduarts/). The calculations in SMARTS were impleradnfor rural
aerosol conditions, which are characterized byithgstrém exponent equal to 0.96. The ratio of fheuensolar radiation to
the direct solar radiation was determined for adé fwavelengths. The values of zenith angle, a¢roptical depth and
atmospheric air pressure were taken into accouttteéncalculation of the correction factor. It folle that this factor was
determined for specific conditions at a given tirreFig. 2, there is a demonstration of correctiactor values for five
wavelengths and the selected sequence of zenitasaofjithe Sun. This demonstration characterizestimditions that are
close to the ones that may normally occur at thearemed station. It can be seen that the value effabtor is primarily
dependent on the zenith angle. It is also truetti@talue of the factor is inversely proportiot@athe size of a wavelength.

The factor for the longest wavelength of 320 niyisa 7 % lower than the factor for the shortestelength of 306.3 nm.
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Figure 2: Value of correction factor for the elimination of diffuse radiation impact for the selectedzenith angles of the Sun, for five
wavelengths for the conditions of AOD value of 0.@or 320 nm) and air pressure of 930 hPa.

Detection of photons by the Brewer spectrophotométeaffected by noise photons received outside dahalyzed
wavelength. The noise photons are caused by radidtiat does not follow the required optical patiside the
monochromator due to the scattering on the gratimigior, or housing. This problem is called theagtlight effect and is
negligible for the double monochromators. The Bresmgectrophotometer at the Poprad-Ganovce staictassified as a
single monochromator. For that reason, a corredionthe stray-light effect was necessary (Arola atoskela, 2004;
Garane et al., 2006). The correction was determinednalysing the spectral global UV radiation nuead on cloudless
days. It was feasible because the optical light pathe same for both the UV and DS measuremethigirmonochromator.
In general, it is assumed that at the lowest wangles, i.e., below 292 nm, there is no transmigaoft radiation to the
Earth’s surface due to the absorption in the atimeisg and any signal measured must, thereforetrég Igght. It is also
assumed that the value of stray light is constanall wavelengths.

Hence, a ratio of average count rates for four Vemgths in the region from 290 to 291.5 nm to tbent rates for the
monitored wavelength (one out of five) was deterditior 3,386 spectral analyses in total, as welloas/arious zenith
angles of the Sun within them. The value of deteedicorrection factor is a function of the zenitigle. This dependence
was described for the monitored wavelengths bylgnpanial of the fourth degree. A demonstration iegented in Fig. 3.
As a general rule, lower wavelengths are charaetdrby higher values of the correction factor. Bbeerved difference
between the wavelength of 306.3 nm and 320 nm weasoaimately 10-fold. Furthermore, it was deterndirthat the
dependence on the zenith angle was not directlygotimnal for all monitored wavelengths. The dirpobportion was seen

only with the three shortest wavelengths.
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Figure 3: Size of the correction factor for the elnination of stray-light effect depending on the apprent zenith angle for the
wavelength of 306.3 nm (on the left) and for the welength of 320 nm (on the right).

The impact of individual correction factors wastéglson a shorter period, namely 2014. When the/4ight effect was
allowed for, a drop in the difference in the AODr fine wavelengths of 306.3 nm and 320 nm was sBefore the
correction, the difference reached the value 0029, and after the correction, it was decreasedab.006. This value is
similar to the results in Arola and Koskela (2004)correction eliminating the polarization of ratite followed after the
correction for the stray-light effect. A drop inetldifference with the value of 0.008 was observgdira It was then
followed by a correction for the impact of diffuszdiation. A drop in the difference was observedimgbut it was lower,
and its value was only 0.0004. This result is digantly lower compared to the result presentedhinla and Koskela
(2004). In conclusion, it can be stated that apgilim of all three corrections resulted in the diophe difference in AOD
for the shortest and the longest wavelength by®t0lhe final value of —0.014. The negative vadfidngstréom exponent

for the given pair of wavelengths was reduced tsttll persists.

3.2 Extraterrestrial constants

Strict conditions for the selection of appropriatays for the determination of ETCs and other meetib criteria
significantly eliminate obtaining of non-represdiv@a values. To calculate the ETC characterizirg éhtire 2-year period,
17 values of individual ETCs were employed withpexs to the long-term average. This number is #mesin case of all
wavelengths. If the conditions were less strictréhwould have been more days, for which it wasiptesto determine the
ETC. On the other hand, the spread of determine@sBfould be wider, which would have a negativedaféa the required
accuracy. Therefore, the chosen criteria repreaenbptimum compromise. The inaccuracy of ETC detation has a
direct impact on the final values of AOD. On onedhathe root cause of such inaccuracy is weathfareinces, which
considerably eliminate the number of days thatsanigable for the determination of ETC. On the othand, additional

factors may include instrument instability.
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Figure 4: Trend of ETCs values for the wavelength of 20 nm during 12 intercalibration periods, 1994—2016

The trend of ETCs (their natural logarithm) for thavelength of 320 nm is illustrated in Fig. 4skiows ETC values that
characterize the entire 2-year intercalibrationiqgzeras well ETCs determined on individual daysthe given period.
The ETC for the monitored wavelength did not ren@instant during the monitored period of 23 yeResticular changes
occurred in case of all five examined waveleng#sotal of 12 ETC values were determined for evangle wavelength,
1 for each intercalibration period. The highestabdity was observed in case of the longest wangtle The value of its
variation coefficient is 18.2 %. By contrast, thevest instability was observed for the wavelendtBi8.5 nm. The value of
its variation coefficient is 15.2 %. In Fig. 4, yoan notice that a more significant change in @lee/of ETC for the longest
wavelength occurred four times in total. The fasange occurred between the first and second aiileration period. There
is no specific explanation for this change. It isqumably related to the instability of ETCs durthg first intercalibration
period. A shorter intercalibration period might baalso caused the mentioned change. It resultemver number of days
that were suitable for the determination of ETCdiidnal changes occurred between the fifth, siséhyenth and eighth
intercalibration period. They were caused by issuis the instrument. For that reason, a secongaryer supply board
had to be replaced in January 2005. In February 280nicrometer was replaced, and during calibmaitioMay 2007, an
optical filter No. 3 was replaced and a BM-E80 kfggquency source was repaired as well.

Figure 5 presents a comparison of ETC values fdividual wavelengths for the LPM and BSM in thetlaso
intercalibration periods. It can be seen that thkies are similar. The first period is charactetibyg the fact that ETCs for
all five wavelengths for the LPM exceed the valtmsthe BSM. It is exactly the reverse in the setperiod. In case of

both methods, there was a decrease in ETCs beteeyiven two periods. The decrease for the BSMmae marked.
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Figure 5: Comparison of ETC values for individual wawelengths for the LPM and BSM in the period from 25 May 2013 to 19 May
2015 (on the left) and in the period from 20 May 205 to 31 December 2016 (on the right).

3.3 Comparison of AOD values obtained by LPM, BSM1ad the Cimel sunphotometer

The plausibility of results for the presented melblogy of AOD calculation by means of the Langldgtpnethod (LPM)
was validated in two ways. In the first place, @saconfronted with the results acquired by meanth@Brewer software
method (BSM). The given comparison is illustratadFig. 6. As has already been mentioned aboveB® has been
available since 2005. Its output has been plau$dri¢he Poprad-Ganovce station only since calibnain 2013. Figure 6
consists of two graphs. The graph on the left sewesents a comparison of AOD for the wavelen@tB2® nm for the
intercalibration period from 25 May 2013 to 19 M2§15. The graph on the right side covers the coisparf results for
the same wavelength in the next intercalibrationogefrom 20 May 2015 to the end of 2016. This slion is necessary to
point out the impact of used ETCs on the obtaire=dilts. In both intercalibration periods, only theasurements that had
undergone the cloud screening process were selédtednutual difference of AOD at the absolute galid not exceed the
value of 0.1 (so-called large random error) in afiymonitored periods. The total number of DS measunts in both
intercalibration periods was 5,789. A total of 28S measurements were compared in the first penmatd2,543 in the
second period. An excellent agreement of both nastlveas seen in the first period. On one hand,ptéasen by very high
values of determination coefficient and correlattmefficient. On the other hand, the high levebgfeement is proven by
an average difference in AOD values for the LPM &8M that reached —0.004. The following intercadiimn period is
also characterized by very high values of detertiinacoefficient and correlation coefficient, ybely are somewhat lower
than in the first period. A more significant dissgment was seen in case of mutual difference in A®Wveen the LPM
and BSM that reached —0.054. The said differenetwden the LPM and BSM are not constant withinitiercalibration
period, as certain variability has been observadtiem. The biggest differences within a year dvseoved in summer
months.

Results for the remaining four wavelengths were ganad in a similar fashion as well. For the wavgtha of 310 nm,
313.5 nm, 316.8 nm and 320 nm, the value of cdicglaoefficient reached at least 0.99. This valas not reached only
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in case of the lowest wavelength of 306.3 nm in fitet intercalibration period, where it was at tlewel of 0.97. The
average of mutual differences in AOD between th&/iL&hd BSM reached the absolute value of maximunsdi@ the
already mentioned case for the wavelength of 320 Fon the lower wavelengths, the average of diffees in the first
period was always positive (0.031 on average). l@ncontrary, it was always negative in the secosdog (—0.028 on
average). Comparison of the AOD value and waveleslgbws no unambiguous dependence for neitheediitb methods.
It applies to the LPM that the highest AOD was tesicfor the wavelength of 316.8 nm and the lowe@DAwvas reached
for the wavelength of 320 nm with regard to thegid@rm average in the monitored period. It appieethe BSM that the
highest AOD was reached for the lowest wavelen@tB06.3 nm and the lowest AOD was reached for thgalength of
310 nm with regard to the long-term average. Pidlvél (2002) does not mention the unambiguous degreredof AOD on
the wavelength as well. It indicates the lowest A@rase of the lowest wavelength and presentsitieest values of
AOD for the wavelength of 310 nm.

It follows that the LPM and BSM correlate nicelyn @e other hand, random differences constituteoblem. They result
in AOD values for the LPM that are lower or higltempared to the AOD values for the BSM. There aremal causes of
differences. It is not known that the BSM would dakito account a change in the distance of Eaxim fthe Sun.
The presented LPM takes the given change into atcdéunother distinction between the two methodthis fact that the
BSM takes into consideration the total measuredusninof SQ in the calculation of AOD. The presented LPM netgddehe
impact of SQ. It may seem at a glance that the BSM is thus @dged. However, the reverse is true. The Brewer
spectrophotometer at the Poprad-Ganovce statitmtéameasure the total amount of Sf@curately. Even negative values
are seen often. Another drawback of the BSM isf#loe that it does not take into consideration ottioms for the diffuse
radiation, polarization and stray-light effect. M@ of determined ETCs affect the observed diffegermprobably the most.
These constants are fixed for both methods duhegentire 2-year intercalibration period. An adeget of the LPM is that
it takes into account the change of ETCs duringititercalibration period. The BSM utilizes ETCs afetined during

calibration. They are valid for 2 years and a ptig¢change during the intercalibration period @& taken into account.
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Figure 6: Comparison of AOD values for the wavelerity of 320 nm obtained by means of the LPM and BSM itthe period from
25 May 2013 to 19 May 2015 (on the left) and in thgeriod from 20 May 2015 to 31 December 2016 (onetright).
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Both presented methods were further compared witheCsunphotometer (CSP) measurements. These cmopsarare
illustrated in Fig. 7 (for the LPM) and Fig. 8 (fdtre BSM). The figures consist of two graphs jilgt in the previous case.
In both intercalibration periods, only the DS measwents that had undergone the cloud screeningegsomere selected.
The comparison was made as follows: A CSP measurtaenas selected for an individual DS measurememb fthe Brewer
spectrophotometer with the maximum allowed diffeenf 5 minutes between the two measurementsetéttvere several
suitable measurements, the nearest one was seléttegise of comparison between the LPM and the, @&fe was no
difference in AOD with the absolute value greatent0.1. On the contrary, in case of comparisowden the BSM and the
CSP, there were as much as 222 instances of suchdaSurements in total. A total of 199 measuremaate compared in
the first intercalibration period and 1,116 in texond period. It is apparent from the resultshefdomparison that both
methods correlate very well with the CSP measurésnéfet the LPM shows higher values of the coriafatoefficient in
both intercalibration periods than the BSM. It veledermined in the calculation of mutual differentlest both methods
matched the CSP measurements very well in theifitstcalibration period. The difference betweea tiPM and the CSP
was —0.02, and the difference between the BSM ArdQSP was —0.01. In the second monitored periml average
difference between the LPM and the CSP reachedahe of 0.02, and the average difference betweerBSM and the
CSP reached the value of 0.08. These averagedtiffes are the primary reason for observed offeedtéached graphs. As
a result of the offset, the intersection of theedinfit is not the same as the intersection ofntlaén axes of the graph. It is
illustrated the best by the graph on the rightign B, because in this case, the average differeasethe highest absolute

value of all presented comparisons. In the lighthef results, it can be stated that the LPM isntioee reliable of the two

methods.
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Figure 7: Comparison of AOD values for the wavelertty of 320 nm obtained by means of the LPM and the @Giel sunphotometer
(CSP) in the period from 12 December 2014 to 19 Ma3015 (on the left) and in the period from 20 May @15 to 31 December 2016
(on the right).
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Figure 8: Comparison of AOD values for the wavelerity of 320 nm obtained by means of the BSM and theif@el sunphotometer
(CSP) in the period from 12 December 2014 to 19 Ma&015 (on the left) and in the period from 20 May @15 to 31 December 2016
(on the right).

3.4 Total ozone optical depth and AOD

Measurements of total ozone from the Brewer spphttometer for the Poprad-Ganovce station are abdailfrom 1994.
Over the last five years (2012—-2016), the averadeevwas 330 DU, which is 5 DU more than in thstffive years of the
monitored period (1994-1998). The linear trendtfer period of 1994-2016 has the value of 2.6 +2.Bfér 10 years. If
only DS measurements are taken into consideratienyalue of the trend will be 0.8 £2.2 DU for 1€ays. The total ozone
optical depth was determined only from the DS mesments. For that reason, the rising trend of totaline optical depth
for the monitored wavelengths in the period of 19816 was equally statistically insignificant. Rbe wavelength of
306.3 nm, the value of the trend is 0.005 +0.0091f years, and the value of the trend for the \eangth of 320 nm is
0.001 +0.002 for 10 years.

Figure 9 shows annual averages of AOD for the vemgth of 320 nm together with the uncertainty @frtliletermination.
The annual averages of AOD were calculated in adstal manner, i.e., by means of an average val&l6f The lower
limit of uncertainty was calculated by means ofaarerage value of ETC, from which its standard dewiafor the given
intercalibration period was deducted. The uppeitloh uncertainty was determined by analogy. Thegeaof uncertainty
interval depends primarily on suitable weather diwows in the given intercalibration period, as la on the stability and
homogeneity of measurements on days when it wasilpgesto determine the ETC. The number of days, witevas
possible to determine the ETC, plays its role fear.instance, there were only two measurementseitst intercalibration
period (it covers 1994 and a smaller part of 1988) for that reason, inter alia, the uncertaintgrival for 1994 is narrow
and has a very low relevance. In other intercdlibnaperiods, there were at least 8 ETCs. Thereftire following

reliability intervals can be deemed trustworthy.
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Figure 9: Annual averages of AOD and their uncertaity for the wavelength of 320 nm, 1994-2016.

Figure 10 shows a comparison of annual averagethdototal ozone and aerosol optical depth forsélected wavelengths.
5 It is obvious already at a glance that the AOD jkeénthe total ozone optical depth, exhibits an appiadecline for the
monitored period. For the wavelength of 306.3 rimg, talue of the trend is —0.07 +0.01 for 10 yearsl the value of the
trend for the wavelength of 320 nm is —0.06 +0@11f0 years. If we omit first 2 years due to thewer reliability, then the
value of the trend for the wavelength of 306.3 8m0.05 +0.01 for 10 years, and the value of thedrfor the wavelength
of 320 nm is —-0.04 +0.01 for 10 years. In view bé tabove, a conclusion can be made that the tréasce of the
10 atmosphere in the region of examined wavelengtesreased in the area of Poprad-Ganovce ovdash@3 or 21 years.
The total optical depth of the atmosphere for tlavelength of 306.3 nm has a trend with the value®07 +0.01 for
10 years, and its trend for the wavelength of 3@0has the value of —0.06 +0.01 for 10 years. Iffitst 2 years are omitted,
the value of the trend for the wavelength of 306m3 is —0.06 £0.01 for 10 years, and the value ef tiiend for the
wavelength of 320 nm is —0.04 +£0.01 for 10 yeafse Megative trend has been caused particularligdgitop in the AOD.
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Figure 10: Comparison of values of average annuaptical depth for the selected wavelengths for ozorend aerosols, 1994-2016.
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Figure 11 presents a comparison of multiannualanes for the ozone optical depth, optical deptRayleigh scattering
and AOD for all five examined wavelengths. It candeen that ozone is dominant only in case oftibetest wavelength. It
is exactly the reverse for the pair of the longestelengths, and ozone has the lowest impact ant@ngxamined factors.
Rayleigh scattering has a dominant position innatéion of direct solar radiation for all wavelemgexcept for the shortest
one. In case of AOD, no unambiguous dependends size on the wavelength was observed. With réspebe long-term
average, the AOD reached the highest value fontheslengths of 310 nm and 316.8 nm, namely 0.32th@rcontrary, the
AOD reached the lowest value for the wavelength8@$.3 nm and 320 nm, namely 0.29. The middle veagth of
313.5 nm is characterized by the value of 0.3. W&thard to the long-term average for 23 yearsdifierence in AOD for
the shortest and the longest wavelengths is only040 For the test year of 2014, this difference w@.014. In conclusion,
it can be stated that values of ETC have probdidygreatest impact on the observed difference,ewthi# value of the
observed difference in AOD is consequently derifredn them. It is also substantiated by Fig. 10cdh be seen that the
AOD is greater for the wavelength of 306.3 nm tharthe wavelength of 320 nm in certain years, wiiilis the reverse in
other years.
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Figure 11: Comparison of long-term averages for théotal ozone optical depth, the optical depth of Rdeigh scattering and AOD,
1994-2016.

Figure 12 illustrates an annual cycle of total azoptical depth and its variability for individualonths for the wavelength
of 320 nm. The optical depth reaches its maximumpnil with the value of 0.263 and the minimum irctGber with the
value of 0.202. The highest variability is attribdtto the month of February and the lowest onéhéomonth of July. It
applies to all the months of the year that thealslity is considerably lower compared to the ageraThe month of
February has the maximum variation coefficient antimg to 5.9 %. All the aforementioned charactéessiof the total
ozone optical depth depend only on the TCO valués peculiar to the central European locationtef station that the
annual maximum of the TCO occurs in April and thewl minimum occurs in October. It is also confdnby the
measurements from the nearby station in HradewkéaVanéek et al., 2012). Therefore, it can be statedtti@bbserved

annual course of the total ozone optical deptipical for the central European location of thdista
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Figure 12: Average monthly characteristics of thedtal ozone optical depth for the wavelength of 320m, 1994-2016.

Figure 13 presents the same characteristics ag.iflZ, but they refer to the AOD in this case. Bmaual cycle of monthly
5 averages is characterized by two peaks. The prip@ak, that is the annual maximum, occurs in thatmof August with
the value of 0.41. The secondary peak occurs inrtbieth of April with the value of 0.4. The minimumin the month of
December with the value of 0.16. The variabilityalso characterized by a two-peak annual cycle. pitimary and
secondary peaks are in the same months as in tése average. The annual minimum occurs in thetimohNovember.
The variation coefficient reached significantly nég values compared to ozone. The minimum is ateidbto the month of
10 May amounting to 19.1 %. The maximum is attribuiedhe month of December amounting to 42.2 %. Dleation of the
station at a higher altitude in the submontane hesathe primary impact on the said characteristitsch explains lower
values of AOD in winter months. Higher values of B@ spring and summer months are presumably ekatagricultural

activities in the vicinity of the station.
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15 Figure 13: Average monthly characteristics of the ®D for the wavelength of 320 nm, 1994-2016.

Figure 14 shows the relative distribution of daOD averages for individual months for the monitbrperiod of

1994-2016. It is important to point out that orthe tdays, for which it was possible to determineARD, were taken into
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consideration. In the month of December, therbéshighest percentage of days with AOD within thterival from 0 to 0.1,
specifically up to 40 %. On the contrary, the lotngsrcentage was seen in the month of August Wwighvalue of only 1 %.
Days with a daily average of AOD above 0.3 dominatihe months of April to August. Days with a gadlverage of AOD
within an interval below 0.3 dominate in the renagnmonths of the year. The AOD above 0.6 occuesntiost often in the
month of August, that is in 18 % of days. The lowsercentage of such days is in the month of Nowwnalnd December,
namely only 1 %. In conclusion, it can be stateat the presented percentages of individual dayelete very well with
the annual cycle of AOD in Fig. 13.
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Figure 14: Relative distribution of daily average alues of AOD for the wavelength of 320 nm, 1994-261

4 Conclusions

The total ozone and aerosol optical depth wererahted by the Brewer ozone spectrophotometer ino@ée near Poprad.
The AOD was calculated by means of ETCs obtainétgufie Langley plot method. The analysed datahefdirect solar
radiation were available from 1994 to 2016, whishai23-year series of measurements. In the 1980£TCs were not
determined during calibrations. Therefore, the LBMhe only practicable method for the determinatid AOD for the
whole series of measurements. The ETCs used irp#per were determined for the 2-year intercalibraperiod. Use of
such a long time period has both its advantagedisativantage. The advantage lies in the fact HeaETC determined as
an average of a higher number of days preventac¢hilental impact of fluctuations that have no ipalar explanation.
The disadvantage lies in the suppression of weatfleences (especially the change of temperatd)raadifications of the
instrument in time intervals of less than 2 ye#msaddition to the methodology of ETC determinatitdre employed cloud
screening affects the values of AOD as well. If theud screening was not employed, the values obA®@uld have been
distinctly higher. Cloud screening employed in théger is relatively simple. Hence, it can be adginat the actual AOD is

even somewhat lower. It pertains particularly te firesented monthly and annual averages. In theefuthe cloud
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screening methodology is planned to be improvedaAssult, it will be possible to obtain more resamatative values of
AOD.

On the basis of a comparison of the Brewer spebtitmmeter measurements using the Langley plot rdedhd the Brewer
software method, which is a part of the OperatidBawer Program, with Cimel sunphotometer measunésnet was
determined that the LPM achieved better resulth@fwo compared methods. It was also determinaictiie application of
corrections to the diffuse radiation, stray-ligffeet and polarization decreased the differencevéen the value of AOD for
the shortest and longest of examined wavelengthiodgh the difference has been reduced, it gtdlches negative values,
which results in the negative values of the Angstgxponent as well. With regard to the long-terrarage for 23 years, the
difference in AOD is only —0.004. The applicatidincorrection for the polarization had the most #igant influence on the
reduction of the given difference. On the contrding lowest contribution was achieved by the cdimacwith regard to the
diffuse radiation. The key factor influencing thelue of the examined difference is probably the siad accuracy of ETC
determination.

The obtained results clearly show the decreasedrage annual values of the total optical deptthefatmosphere for the
monitored wavelengths from 1994 to 2016. The dygpward trend of the total ozone has been obserwdich is
exhibited by a statistically insignificant increasethe total ozone optical depth. This insignifitancrease has only a
minimum effect on the trend of the total opticaptteof the atmosphere. The root cause of the deereathe total optical
depth of the atmosphere is the statistically sigaift drop in the AOD. It follows that the transtaiice of the atmosphere in

the UV region of the spectrum from 306.3 nm to 32@m has increased in the location of Poprad-Gamovc
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