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Ultraviolet (UV) radiation

Ve UvVC 100-290 nm
UVB 290-320nm

ove UVA 320-400 nm
——————

MAIN FACTORS AFFECTING UV RADIATION:
* Clouds Ozone in the Atmosphere
* Stratospheric Ozone ——
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* 1974 - chlorofluorocarbon (CFC) gases destroy ozone layer

* 1984 - springtime Antarctic ozone hole is discovered

* 1977 - an increased incidence in skin cancer is noticed in USA

* Late 1970th — beginning of measurements

* 1987 - Montreal Protocol — global agreement designed to phase out the use and
production of substances that were known to deplete ozone in the stratosphere



M, Measurements of the UV radiation

25 countries
160-monitoring sites

5{ Europe S S

-

Satellite-based

NASA

Total Ozone Mapping Spectrometer (TOMS)
Ozone Monitoring Instrument (OMI)

ESA

Global Ozone Monitoring Experiment (GOME),
SCIAMACHY, GOME?2

Ground-based

* late 1970s Australia and USA

* global network - a random mixture

of national measurement schemes
* no standardized instrument
* WOUDC

Main types of radiometers
Spectrophotometers- intensity of

radiation per wavelength
Narrowband Radiometers-narrow
part of the spectrum

Dosimeters - integrated UV doses
Broadband UV Radiometers
(biometers)-total UV irradiance over a
certain wavelength range, UVA, UVB
or erythemally-weighted UV radiation



UV index

* inform public about the risk from solar radiation
* WMO, WHO 1995

* the integration of spectral UV irradiance in the range of 290
and 400 nm which is weighted with CIE erythemal action
spectrum
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M, Measurements of the UV radiation
5{Europe e

~ 25 countries
160 monitoring sites

-

Ground-based
» Jate 1970s Australia and USA
RHRS A I

»  global network - a random mixture
of national measurement schemes

» no standardized instrument

Main types of radiometers
Spectrophotometers- intensity of

radiation per wavelength
Narrowband Radiometers-narrow

Satellite-based part of the spectrum

NASA Dosimeters - integrated UV doses
Total Ozone Mapping Spectrometer (TOMS) Broadband UV Radiometers

Ozone Monitoring Instrument (OMI) (biometers)-total UV irradiance over a
ESA certain wavelength range, UVA, UVB
Global Ozone Monitoring Experiment (GOME), or erythemally-weighted UV radiation

SCIAMACHY, GOME?2



Yankee Environmental System (YES) UVB-1 pyranometer

https://www.df.uns.ac.rs/uvindex/UV _index_sr.ph

long stability check
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https://www.df.uns.ac.rs/uvindex/UV_index_sr.php
https://www.df.uns.ac.rs/uvindex/UV_index_sr.php

UV measurements in Novi Sad
https://www.df.uns.ac.rs/uvindex/UV_index eng.php
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UV measurements in Novi Sad
High levels (= 6 UVI) April-September

Very high levels (= 8 UVI) Maz-August
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UV measurements in Novi Sad

Hourly erythemal UV dose
April — September — 10-16h — 70-80% of daily dose
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Ozone measurements in Novi Sad

Start - September 2007

MICROTOPS II instrument -uses measurements of solar
irradiance at 3 wavelengths in the UV region to derive the TOC
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Malinovié, 2003, M.S. thesis

geography and time
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NEOPLANTA parametric model

Center for Meteorology and Environmental Modelling, University of Novi Sad

Malinovic¢ et al. 2006, Journal of Applied Meteorology and Climatology
Malinovic-Milic¢evi¢ and Mihailovic, 2011, Atmospheric Research

Input parameters

geographical coordinates and time (or SZA)
Amount of gases

Altitude

Surface albedo

Aerosols type and amount

Optional — forecasted meteorological profile

Output parametrs

spectral direct, diffuse, and global UV irradiance
divided into the UV-A and UV-B

the erythemally weighted UV irradiance

UV index

spectral optical depth and spectral transmittance
for each component



input parameters

The simulations qualitatively agree with the existing knowledge:
(i) the intensity of UV radiation decreases with increasing the thickness of the ozone layer, with increasing the amount of aerosol, with decreasing

altitude and with the increasing SZA

NEOPLANTA parametric model
Sensitivity tests

properly simulation changes in the intensity of UV radiation and ratio of direct and diffuse radiation with the change in
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ii) the contribution of diffuse UV radiation increases with increasing SZA, the amount of aerosols, the presence of aerosols with a higher amount of
water-soluble particles, air humidity, and more reflecting surface.
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NEOPLANTA parametric model

Comparison with measurements
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Reconstruction techniques

* utilize measurements of commonly available meteorological data
* total ozone column measurements is important contributor in reconstructions

In Novi Sad reconstruction of UV radiation has been done in three ways:

(i) by an empirical estimation which uses ground-based
meteorological measurements;

(ii) by an empirical estimation which uses ground-based
measurements, satellite measurements, and model NEOPLANTA;
and

(iii) by using neural network technique that uses available input
parameters



(i) An empirical estimation which
uses ground-based meteorological

measurements
I

Simple empirical formula for estimation daily doses of UV-B radiation based on the

... W
(231‘2“;;;,",) t,:,::,-zm relationship between daily UV-B doses derived from UVI measurements and daily global

radiation doses in Novi Sad.

“UVB, = 0.002507G, — 5.985

* caution because of it does not take into account past and future ozone changes, so the
reconstruction and projection are based on the present relationship between the global
and UV-B radiation. i %

ooooo

. .. ... .. * used for reconstruction of UV-
Malinovic¢-Milicevic .
etal. (2013) Climate B doses for seven places in
Research Vojvodina region back to 1981

spatial distribufion — =-=m——m—- decadal trefld = = =m—t—
* the annual mean UV-B doses will

- o L :
Malinovic.Milicevic  © Used for the projection of the recover by 5.2%, in Vojvodina region

et al. (2015) Thermal UV-B doses in the period | > . by the end of t.his century
Science 2021-2100 (SRES-A2) The recovery is expected to be the

highest in autumn and spring.




(ii) An empirical estimation which uses

ground-based measurements, satellite
measurements, and model NEOPLANTA

Malinovié-Milicevic ® empirical equation for reconstruction daily erythemal UV doses (ERY, ,,Sky) under all sky
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(iii) Reconstruction by using neural network
technique that uses available input

parameters

Malinovi¢-Milicevic
et al. (2018)
International
Journal of °
Climatology

a

* neural network technique for estimating ERY that implies use one of two

models, depending on the availability of the input parameters

NN1 model as predictors uses global radiation (G), ——,  1949-1977
clearness index (k), cloudiness (C) and air mass (m)

NN2 model adds TOC to the NN1 inputs. [t 1978-
=
2900 -
Wl - 350 g
2400 - 300 B -5 =
----- ERY ——TOC Y %
1900 | \remetyei s op o LA 250 2 e
yte e O
1400 . l —- 200 12 . . 1
1948 1968 1988 2008 1948 1968 1988 2008

variations in annual averages of daily doses are in accordance with appropriate
variations of input parameters

derived trends in erythemal UV radiation in several different subperiods between 1949
and 2012 are in accordance with findings in other studies

the increase in the ERY in the period 1981-1996 is mainly caused by TOC, while the
increase after 1996 is largely caused by cloudiness



Future plans

* connection with European centers for UV monitoring with the
purpose of international intercomparison of the instruments

* compare ground based UV measurement in Novi Sad with satellite
measurement

* use reanalyzed ozone data to estimate UV radiation and get series
without gaps

Thank you for your attention



