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Abstract: The UV-index (UVI) is a measure of the power of the UV irradiances at an Earth surface
location weighted by the erythema action spectrum. The UVI is influenced mainly by the cloudiness and by the
stratospheric ozone content. For public forecasts of the UVI, the maximum daily values UVI are given for clear-
sky (cloudless) conditions taking into account only the variations produced by the ozone UV absorption.

Based on the Tropospheric Ultraviolet and Visible (TUV) Radiation Transfer Model, look up tables were
calculated. The tables describe the dependences of the UVI from the zenith angle, the total ozone content and the
optical depth of the atmosphere, where the physical parameters were calculated using GUV 2511 measurements.
The erythema UVI shows a typical for 40° N maximum between 8.5 and 10 during the summer months. During the
same time interval at some days UVI between 3 and 6 are observed due to strong clouds. It was found out that
the determined clear-sky erythema UVI for Stara Zagora is in good agreement with the satellite based overpass
UVI for Sofia published at the Temis web site (http://www.temis.nl/uvradiation/UVindex.html).
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Pe3rome: YB-uHOekcbm (UVI) unu uHdekcbm Ha buonozudecku akmueHama YB paduauusi e Msipka 3a
UHMeH3usHocmma Ha ynmpasuosiemogama paduayusi Ha 0adeHo MsICMO om 3eMHama fo8bpPXHOCM, C8bp3aHa
¢ ecbekmume 8bpxy HYosewkama koxa. UVI 3asucu enagHo om obrnayHocmma u CbObpXaHUemo Ha O30H 8
cmpamocgbepama. 3a obuiecmeseHu rpoeHo3u Ha UVI ce dasam makcumanHume dHesHU cmotHocmu Ha UVI 3a
qucmo (6e3obrnayHo) Hebe, kamo ce e3emam rnpedsud camo u3MeHeHuUsima, nopodeHU om abcopbuyusma Ha
ynmpasuosema om 030Ha.

C nomowyma Ha Modena 3a npeHoc Ha ynmpasuosiemosama u euduma paduayusi rnpes mporocgepama
(TUV) 6saxa npecmemHamu look up mabnuyu. Teau mabnuyu onuceam 3asucumocmma Ha UVI om 3eHUmMHusi
bebJ/l, MBbIHOMO CbObPXaHUe Ha O030H U onmuyHama OebenuHa Ha ammocghepama, Kamo u3suyeckume
napamempu 6sixa onpedenieHU om uaMmepeaHusima Ha ypeda GUV 2511. buonoauyecku akmusHusim UV uHOekc
npu 40° N uma munudeH makcumym mexody 8.5 u 10 npe3z nemHume meceuyu. Cble8peMeHHO rpu cusiHa
obrayHocm npe3 Hskou OHU fpe3 cbwus nepuod ca HabmwdasaHu cmolHocmu Ha UVI mexdy 3 u 6. bewe
ycmaHosgeHo, Ye onpedeneHume cmolHocmu Ha buonoaudecku akmusHusm YB uHnOekc 3a Cmapa 3aeopa 3a
b6e3obnaqyHu ycrogusi ca 8 00b6po cwenacue ¢ nonydeHume 3a Cocbusi Mo usMepeaHusi rnpu CrbMHUKO8U
npemuHasaHusi, nybrukyeaHu Ha yeb catima Ha Temuc (http://www.temis.nl/uvradiation/UVindex.html).
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Introduction

As it is well known, the ultraviolet (UV) irradiance reaching the Earth surface has an impact on
the human’s health. The UV-B irradiance stimulates the production of vitamin D. However the strong
UV irradiance can damage the skin and it is associated with cataracts and skin cancers. The UVl is a
measure of the sunburn producing ultraviolet radiation. The concept of the UVI and methods of the
UVI prediction were developed to help peoples to protect themselves from the harmful UV. UVI are
given at some locations and/or as maps in many weather reports.

The main goal of the study is the presentation of the developed method of the UVI
determination and the results for Stara Zagora location.

UV-index definition

The erythemal Dose rate at a given moment t is presented as an integral of the solar
irradiance at the Earth surface Fi(A) at the moment t measured in mW/(m2nm) weighted by the
erythema action spectrum Ac(A) over the wavelength given in nm and vary over the day mainly due to
the changes of the zenith angle, the weather conditions and the absorption of ozone [1].

o D, = [ A1

For the public the UVI forcast is given as its maximum over the day (at solar noon) for
cloudless weather conditions taking into account only the UV irradiance absorption by ozone. The
erythemal UVI at solar noon is obtained by multiplication of Dnoon With a scale factor of 1/25 mW/m2.
The clear-sky UVI was developed from Canadian scientists in 1992 as a simple measure of risk from
unprotected sun exposure. Since introduction of the UVI many countries have adopted and the World
Health Organisation (WHO) has harmonized the UVI and promotes sun protection messages (see
http://www.who.int/uv/intersunprogramme/activities/uv_index/en/ and [2]).

Fig. 1. The effective spectrum obtained by weighting a sun spectrum by the erythemal action spectrum
(Source: https://lwww.revolv/page/Ultraviolet-index)

The erythemal action spectrum together with the sunlight spectrum and the resulting effective
spectrum Ae(A)Fi(A) is shown in Fig.1.

Prognosis values of the clear sky UVI are given at many websites (e.g. wetteronline.de/UV,
sunburnmap.com) for different locations.

UV-index determination

The basis of the determination of the UVI represents equation (1). Well calibrate
spectrometers as SUV 1000 (or monochromators as e.g. Bentham coupled with suitable sensors and
detectors) allow to observe global (direct and diffuse) sun irradiance. Such type of instruments are
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very expensive but highly precise and therefore they are used as standards in intercalibration
procedures of different instruments [2, 3]. Another possibility to obtain F(A) consists in the spectrum
reconstruction from some simultaneous global irradiance filter measurements at only some
wavelengths by means of radiation transfer models. Using the Tropospheric Ultraviolet and Visible
(TUV) Radiation Transfer Model developed by Madronich [4] look up tables were calculated (see Fig.
2) [5]. They describe the dependences of the UVI from the cloud optical depth (COD) and from the
zenith angle (ZA) for different total ozone columns (TOC). The UVI was determined for an annual
mean surface albedo of 0.03. Greater deviations from this value are to be expected only for winter
conditions if the earth surface is covered by snow. Close snow cover at Stara Zagora appears only
during a few days of the year.

The influence of aerosol loading is included in the COD, which has the character of an
effective value. Strong aerosol events e.g. evoked by Sahara dust are very rare over Stara Zagora.
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Fig. 2. 3-dimensional look up tables allow the determination of the UVI by interpolation for known ZA,
COD and TOC for the moments close to solar noon

Results

The COD's and TOC’s were previously determined using GUV 2511 measurements [6,7]. The
ZA’s were calculated by help of an astronomical algorithm for the measurement moments and then the
UVI's for all weather conditions were determined by interpolation of the corresponding Look up table
(see Fig. 2). The results are shown in Fig. 3 by blue crosses connected by blue line. The clear-sky
UVI's calculated for COD=0 are drawn in Fig. 3 by red open circles and line. The resulting UVI’s for
clear-sky conditions envelope the UVI for cloudy weather conditions and represent the upper limit. The
variability of the clear-sky UVI is caused by changes of the TOC. The UVI shows a typical maximum
for latitudes of about 40°N between 8.5 and 10 during the summer months. For comparison, the clear-
sky UVI for the Sofia location obtained from observations by the OMI satellite is considered. As it can
be seen from Fig. 4 the agreement is very good characterized by a mean standard deviation of about
0.3.
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Fig. 4. Clear-sky UVI for Sofia (red crosses) overlaid on the clear-sky UVI
for the Stara Zagora location (blue circles)
Conclusions

The results related to the UVI for different weather conditions (clear-sky and cloudiness)
the retrieval of TOC, COD from the UV irradiance measurements by the algorithms
presented here and by the algorithm described in a previous work [5, 6] are typical for 40° N. For the
clear-sky UVI a good agreement with UVI based on satellite OMI data was obtained.
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