
COST Action 726– Final Scientic�Report

Edited by
DIRK A.M. ENGELBART
German Meteorological Service, Richard-Aßmann-Observatory, Lindenberg,
Germany

WIM A. MONNA
Royal Netherlands Meteorological Institute (KNMI), De Bilt, The Netherlands

JOHN NASH
UK MetOffice, Exeter, United Kingdom

CHRISTIAN MÄTZLER
Institute for Applied Physics, University of Bern, Bern, Switzerland

c©European Communities
Luxembourg: Publications Office of the European Union, 2012 

UV radiation and life

COST Action 726 – Final  Report

Authors 
Zenobia LityńskA, Alois W. schmALWieser, Alkiviadis BAis, 
karel ettLer, Julian GröBner, Peter köPke, Janusz krZyścin, 
Peter den Outer, Jean VerdeBOut, Gaetano ZiPOLi and 
Julita BisZcZuk-JAkuBOWskA



 2 

Table of content 

 

1. Introduction.................................... ................................................................. 3 

2. Solar UV radiation .............................. ............................................................ 5 

2.1. Factors influencing UV radiation ............................................................... 5 

2.2. UV Measurements .................................................................................. 10 

2.3. UV modelling........................................................................................... 12 

2.4. Geographical distribution and temporal variability of UV radiation in 

Europe............................................................................................................ 15 

3. Biologically effective radiation ................ ................................................... 21 

3.1. Biological effects of UV radiation on human body .................................. 22 

3.2. UV Radiation and Animals ...................................................................... 27 

3.3. Micro-organisms and UV radiation.......................................................... 30 

3.4. UV radiation and Plants .......................................................................... 33 

3.5. UV and aquatic systems ......................................................................... 36 

4. Expectations for the future..................... ..................................................... 40 

Appendix A: Reference Institutions in the COST726 C ountries.................. 43 

Appendix B: List of www pages with UV information .. ................................ 48 

Appendix C: List of reference publications ......... .......................................... 49 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3 

1. Introduction 
 
The UV radiation plays an essential role in many processes in the biosphere, 

including the influence on the human body, and may be very harmful if UV 

exposure exceeds certain limits. The main results achieved in Action 726 are 

published in the Final Scientific Report, including the electronic atlas which 

contains the erythemal UV data for Europe for about 50 years.  

The knowledge of the ozone and UV changes has expanded considerably since 

the “ozone hole” discovery in the early 1980s and the subsequent establishment 

of the Ozone Convention in 1985, and the Montreal Protocol in 1987. The 

awareness of the potential ozone depletion threat and the resulting increase in 

the UV radiation reaching the Earth surface stimulated the world-wide 

multidisciplinary research on UV radiation transfer in the atmosphere and its 

potential influence on the Earth’s ecosystems. The correlation between the 

ozone and UV changes and the climate changes has been recognised. 

The COST Action 726 “Long term changes and climatology of UV radiation over 

Europe” was established in 2004. Its main objective is to advance the 

understanding of the UV radiation distribution under various meteorological 

conditions, in order to determine the UV radiation climatology, and to assess the 

long-term UV changes over Europe, starting in the 1950s. 

The main objectives of this booklet are to show the importance of the scientific 

results of Action 726 for the European community, to increase the awareness of 

the potential threat of UV radiation to human health, and to urge people to use 

appropriate protective measures. This booklet initially provides basic information 

on solar UV radiation reaching the Earth surface (section 2.1). Sections 2.2 and 

2.3 describe the measurements of UV and the methods of retrieving the UV by 

modelling and reconstruction. The main results of the Action, i.e. the 

geographical distribution and temporal variability of UV radiation in Europe, are 

presented in section 2.4. Chapter 3 describes the biologically effective UV 

radiation and its influence on the human body, animals, micro organisms, plants 

and the aquatic biosphere. Chapter 4 presents the current expectations on 

future UV changes. Appendixes A, B, C show the European dimension of the 

COST Action 726 and contain useful web addresses and references.  
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This booklet is addressed to the broad European community to help further the 

understanding of the UV radiation impact on the Earth surface, with its potential 

positive and harmful influences, and to stress the necessity of using protective 

measures. In particular, we address this booklet to journalists and school 

teachers.  

This booklet was written by lead-authors but is a result of the collective efforts of 

the Management Committee and the four Working Group leaders and members 

of the 22 EC COST countries and one non-COST country, for details see 

Appendix A.  

The COST Action web site: www.cost726.org has been built and is being 

managed by Dr Alois Schmalwieser from the University of Veterinary Medicine in 

Vienna, Austria. The web site contains all important information on the Action 

and main research results including the elaborated UV climatic data for Europe. 
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2. Solar UV radiation 
 
The spectrum of solar radiation consists of ultraviolet radiation - UV (100-

400nm), the visible radiation-VS (400-780nm) and the infrared radiation-IR (780-

3500nm).  

The UV radiation is a small fraction of the total radiant solar energy, but even 

only partially reaching the Earth surface it may produce detrimental effects on 

ecosystems and degrading effects on materials. 

The most energetic part of the spectrum, the UV-C (100-280nm) radiation, is 

absorbed effectively by oxygen, ozone and nitrogen molecules in the upper 

atmosphere. 

The UV-B (280-315nm) radiation is strongly absorbed by the ozone layer in the 

stratosphere and by the ozone in the troposphere, so that only a small fraction of 

its energy reaches the Earth surface, strongly depending on the ozone amount. 

The UV-B is of great biological importance because photons in this spectral 

region may damage skin, DNA molecules and some proteins of living organisms. 

On the other hand UV-B is essential for the synthesis of vitamin D in the human 

body. 

The UV-A (315-400nm) radiation is hardly absorbed by ozone, so its largest part 

reaches the surface, contributing to some biological effects like photoaging, 

photoprotection and photorepair. 

During its propagation through the atmosphere, the UV radiation is absorbed 

and scattered by ozone, air pollutants in the troposphere, clouds and aerosols. 

Part of it, is also reflected by the Earth surface.  

2.1. Factors influencing UV radiation  
 
The spectrum of UV irradiance at the Earth surface is determined by that at the 

top of the atmosphere. Other factors that drive the intensity and angular 

distribution of UV sky radiance at the surface are divided into 2 classes: 

geometrical and atmospheric. The geometrical factors comprise the distance 

between the Earth and sun and solar zenith angle (SZA). The effects from these 

factors can be calculated using astronomical formulas. Atmospheric factors 

include constituents that absorb and scatter radiation during its propagation 
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towards the Earth surface. The absorbing species are: ozone, nitrogen dioxide, 

sulphur dioxide, and absorbing aerosols. The scattering species include air 

molecules, clouds, aerosols, and the ground (snow, ice, vegetation, sand, etc.) 

a) The Solar Spectrum 

The solar spectrum is derived from space-based measurements. The solar 

spectrum at the top of the atmosphere (~ 100km above surface) is used as input 

for radiative transfer model calculations. Both direct and indirect effects of the 

solar activity are recognized. Direct effects are related to small oscillations (<1%) 

in the UV-A and UV-B part of solar spectrum forced by the 11-year solar activity 

cycle. Larger effects occur in the UV-C part of the spectrum. Indirect effects are 

due to changes in the production of stratospheric ozone. During solar maxima, 

proportionally more UV-C radiation enters the top of the atmosphere triggering 

intensive production of ozone in the upper stratosphere. This increase in ozone, 

changes only slightly the amount of UV-B radiation reaching the Earth surface.  

b) Earth-Sun Distance 

The Earth is closest to the sun in early January and farthest from the sun in early 

July because of its elliptical orbit around the sun. The difference between the 

January maximum and July minimum of the solar radiation intensity is 

approximately 7% regardless of wavelength. This difference decreases slightly 

the ratio between summer UV maximum and winter UV minimum in the Northern 

Hemisphere but increases this ratio in the Southern Hemisphere, to the reversal 

of the seasons.  

c) Solar Zenith Angle 

Surface UV irradiance measured on a horizontal surface decreases with the sun 

approaching the horizon (increasing SZA). There are two reasons for such a 

decrease: Firstly, the solar irradiance falling on a horizontal plane at the Earth 

surface is weighted according to the cos(SZA). Secondly, the slant path-length 

of radiation through the atmosphere is proportional to 1/cos(SZA) leading to 

higher probability of absorption or scattering during its propagation through the 

atmosphere for higher SZA. For a particular site and time, the SZA is easily 

calculated using astronomical formulas. On days without clouds, the highest UV 
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irradiance during the course of the day is found at the time of the smallest SZA 

(local noon). The large difference between the spring/summer maxima and 

autumn/winter minima is mostly due to SZA effects as is illustrated in Fig.2.1.1.  

d) Absorption by Ozone and Other Gases 

The negative correlation between the column amount of atmospheric ozone and 

UV-B radiation has been well documented. It has been found that 1% decrease 

(or increase) of stratospheric ozone induces ~1.1% increase (or decrease) in 

erythemal UV radiation, i.e., UV radiation integrated over the whole UV spectrum 

with a wavelength dependent weight proportional to the sensitivity of human skin 

to UV radiation induced erythema. Total ozone in the extratropical regions of the 

northern hemisphere shows a seasonal pattern with maximum in spring and 

minimum in late autumn. For a fixed SZA, this pattern induces smaller UV 

intensity in spring than in other seasons. However, with respect to daily doses of 

UV radiation, the changes due to the diurnal changes in SZA prevail over the 

seasonal ozone changes. Total ozone at mid- and high-latitudes exhibits large 

day-to-day variations driven mostly by dynamical processes, which are 

especially pronounced in winter/spring seasons.  

Several UV absorbing gases resulting from anthropogenic activity reside in the 

troposphere. These gases include O3, NO2, and SO2. The column amount of 

these trace gases is not high enough to induce substantial changes over wider 

areas. However, in extreme cases or near emission sources combined 

absorption by the pollution gases can reduce erythemal radiation by up to 10-

15%. Naturally occurring absorbers of UV-B radiation (SO2 and NO2) are 

significant only after large volcanic eruptions but their impact on radiation 

reaching the surface is generally short and not widespread. 

e) Scattering by Air Molecules  

Scattering of solar radiation by air molecules (Rayleigh scattering) is 

approximately proportional to 1/λ4, where λ denotes wavelength. Thus, in the UV 

region there is much stronger scattering than in the visible. Rayleigh scattering 

causes stronger attenuation in the UV-B region compared to UV-A.  
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f) Scattering and Absorption by Aerosols  

Atmospheric aerosols are solid particles (sometimes additionally coated with 

liquid water or water-soluble acid) with diameter of less than 10µm that are 

suspended in the atmosphere. Atmospheric aerosols affect surface UV radiation 

through scattering and absorption processes. The combined effect of scattering 

and absorption on solar radiation is described by the aerosol optical depth 

(AOD). AOD data can be determined from ground-based measurements of the 

direct component of surface UV radiation and recently from space borne 

platforms. AOD values measured in the UV range at clean, high latitude sites 

approach a few hundredths, whereas at lower latitudes AOD varies between 

~0.05 and 2.0. The upper values can appear in extreme cases in polluted urban 

areas. 

g) Scattering by Clouds 

Clouds induce more dynamical variability in surface UV radiation than all other 

geophysical factors combined, as it is well illustrated in Fig. 2.1.1. Various cloud 

types affect differently the UV transmission through a cloud layer. Comparing to 

cloudless conditions thin clouds reduce the direct component of UV radiation 

reaching the Earth surface and enhance the diffuse component, thus the total 

irradiance (a sum of both components) is only slightly reduced. Thicker clouds 

allow only the diffuse component to reach the Earth surface and thus strongly 

reduce the UV irradiance. In average for Europe clouds reduce the UV radiation 

at the surface to 65% of the same atmospheric conditions, but without clouds. 

Under scattered cloud conditions surface UV radiation however can be 

enhanced for a short time, to values that are higher than for the same 

atmospheric conditions without clouds. This occurs when the line of sight from 

the sun is not obscured by a cloud but there are clouds near the Sun which 

reflect additional UV radiation to the receiver. 

h) Surface Albedo 

 Part of the irradiance received on a horizontal plane has previously been 

reflected from the ground elsewhere end has been scattered downwards again 

by the above present atmosphere. The total reflection of the atmosphere is 

around 30%.. For water and most land surfaces this surface reflection, the 
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albedo, is low (<5%) in the UV range. Spatial differences in land use (forest, 

pasturage, urban areas, etc.) have little effect on surface UV radiation if the 

terrain is not covered by snow. The albedo of fresh snow may be as high as 0.9 

in the UV range, ageing (days) reduces the albedo to around 0.5. There have 

been several studies indicating a correlation between UV enhancement and 

snow depth. The enhancements of UV radiation vary significantly from site to 

site and can reach 40% over a plane terrain covered by fresh snow. Radiative 

transfer model calculations indicate that surface albedo can influence UV 

radiation measurements in the radius of a few tens of kilometres, the distance 

depending on wavelength and atmospheric conditions. 

i) Altitude Effects 

Surface UV irradiance increases with altitude because there are less scattering 

and absorbing air molecules, ozone and aerosols above the receiver. This 

increase is mostly driven by an increase in the direct component of UV radiation. 

Moreover, anthropogenic gases that absorb UV radiation are often close to the 

surface. Most of them reside in the planetary boundary layer over industrial 

regions. Thus, the rate of increase of surface UV radiation per 1km of altitude 

varies between a few percent in clean environments to about 15% over heavily 

polluted areas. 
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Fig. 2.1 .1: Seasonal changes of daily erythemal doses measured at Belsk, 
Poland (51.84ºN, 20.79ºE, 179m AMSL), in the period 1976-2007.  
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2.2. UV Measurements  
 
Solar UV measurements are obtained with special instruments that are only 

sensitive to the UV wavelength range. Due to the very low intensity of UV 

radiation with respect to the remaining solar radiation spectrum, the effective 

rejection of radiation from wavelengths outside the UV wavelength range 

becomes a fundamental criterion. This specification can be achieved with 

radiometers employing very high quality filters.  

Another possibility is to use spectroradiometers which are able to measure 

radiation at individual wavelengths with very high spectral resolution covering a 

wide spectral range, including UV. While spectroradiometers provide the most 

accurate measure of solar ultraviolet radiation, the costs involved in their 

operation and maintenance are very high and therefore only few of these 

instruments are operated regularly at selected locations in Europe. The UV 

monitoring networks in Europe therefore consist of filter radiometers which 

provide continuous measurements of solar UV radiation during the whole year. 

The monitoring sites of each regional or national network are situated at 

strategic locations to provide representative measurements of UV radiation 

levels for each particular geographic region. Characteristic regions of interest 

are sites in or close to large cities, rural and mountainous regions, and seaside 

regions.  

It has been found that UV monitoring radiometers which are continuously 

exposed to UV radiation show degradation effects which can affect their 

performance. Therefore, regular corrective measures are necessary to 

guarantee UV measurements of a prescribed level of accuracy.  

Based on a recommendation of the World Meteorological Organisation (WMO), 

these network radiometers should be recalibrated annually, either through 

comparison with a reference radiometer, or at a central calibration facility. 

Several such facilities are available in Europe, which are traceable to the 

European UV calibration center at PMOD/WRC (Physikalisch Meteorologisches 

Observatorium Davos/World Radiation Center). This hierarchical traceability 

chain between the UV reference maintained at PMOD/WRC and the individual 
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field radiometers of a particular network ensures the comparability and 

homogeneity of the UV measurements performed in Europe. Large efforts have 

been undertaken to ascertain and improve the data quality through the 

application of common maintenance and calibration procedures. Furthermore, 

large-scale radiometer intercomparisons allow the direct comparison between 

radiometers deployed in different networks. The final goal of these quality 

assurance and calibration activities is to provide harmonized UV measurements 

with known quality on a European scale for scientists, public authorities and the 

general public. The dissemination is done either through public web-sites 

operated by national or regional organisations and authorities or through 

centralised databases, such as the European UV Database operated by the 

Finnish Meteorological Institute or the World Ozone and Ultraviolet Radiation 

Data Centre hosted at Environment Canada. 

In the period 2006-2008 three inter-comparison campaigns were organised in: 

Davos, Switzerland; Oslo, Norway; El Arenosilo, Spain. A Calibration Guide was 

also produced and published (see Appendix C). 

 

 
Fig. 2.2.1:  Calibration and Intercomparison of Erythemal Radiometers at 
PMOD/WRC, Davos, Switzerland, 28 July – 23 August 2006. 
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2.3. UV modelling  
 
Although solar UV radiation is measured at many locations over Europe, these 

are still too few to provide a representative European-wide picture due to the 

large variability of UV radiation induced by the highly variable atmospheric 

constituents. Other situations, where solar UV radiation is of interest but 

measured values do not exist, are the future and partly the past. For these cases 

modelling of UV irradiance is the only method to get the relevant information. 

Moreover, modelling is needed for the determination of UV radiation at the 

ground on the basis of satellite data, which is the only way to get UV data with 

high spatial resolution. Finally, modelling is the easiest way for sensitivity studies 

in a wide range of applications, such as UV radiation and human health or 

environmental influences. Thus modelling of UV radiation is very essential.  

The emission of the Sun is highly wavelength dependent and also the processes 

in the atmosphere. As a consequence, solar radiation at the Earth surface varies 

within the UV spectral interval in a range of more than one million, even for fixed 

atmospheric conditions. Thus modelling must be made spectrally.  

On the other hand, the effects imposed by UV radiation are also strongly 

wavelength dependent. Such a dependency is described by a spectral action 

spectrum seffect(λ) for a specific process (see chapter 3 for details). Thus the 

effective radiation for a specific process is given by spectrally integrated values 

Eeffect, where the incident spectral irradiance E(λ) is weighted by seffect(λ).  

( ) ( ) λλλ dsEE effecteffect ⋅⋅= ∫  

If spectral values of UV radiation are known for specific atmospheric conditions, 

which need high effort for measuring but less for modelling, the effective 

irradiance for every action spectrum can be easily calculated. 

For modeling of the UV radiation at the ground, the radiative transfer equation 

has to be solved, which can not be done analytically. Thus different models have 

been developed for this purpose, with different quality and, as a consequence, 

with different computational effort. State of the art are one dimensional spectral 

multiple scattering models, which model the radiation field for one set of 

atmosphere conditions in the order of seconds or less. They divide the 
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atmosphere in thin layers with fixed properties and change these properties only 

vertically, which is the reason for their name. The models use algorithms, which 

determine the values of extinction and absorption coefficients for each layer, on 

the basis of the amount and the properties of the variable atmospheric 

constituents. These multiple scattering models calculate the radiation spectrally 

and thus can consider any biological weighting. 

The models calculate the radiation that is coming from a half sphere, the 

irradiance, on horizontal and also on tilted surfaces. These are the quantities 

that are needed to estimate the UV exposure of the human skin. The UV 

irradiance on a tilted surface may strongly differ to that on a horizontal receiver.  

To get UV irradiances on tilted surfaces from measurements, a very high effort is 

necessary. The reason is that, also for fixed atmospheric conditions, the 

irradiance changes with elevation and azimuth angles of the receiver and thus 

many measurements must be made to get the whole variability. In contrast, 

modelling of UV irradiance on tilted surfaces, like the human skin, is easy, as 

long as the actual atmospheric conditions are quantitatively available. For the 

human environment often artificial or natural shadows should be considered. 

This also can be modeled, using the radiance fields and taking into account sky 

obstructions.  

The UV models with highest quality are three dimensional. They consider 

variable optical properties not only vertically, but also horizontally. These models 

can calculate UV radiation fields e.g. for conditions with scattered clouds or with 

variable surface albedo, and also with sky obstructions. However, such models 

need very long computation times. Moreover, for actual conditions it is nearly 

impossible to get precise information for an atmospheric layer or a cloud field in 

all three dimensions, which is needed as input. Thus three dimensional models 

are very good for sensitivity studies, but not for the simulation of actual 

conditions or for the evaluation of measured UV radiation. 

Solar UV radiation at the ground depends on the irradiance of the extraterrestrial 

Sun, the Earth-Sun distance, the solar elevation which is responsible for the 

photons path length through the atmosphere, and on the scattering and 

absorption processes due to the atmospheric parameters, which are strongly 

wavelength dependent. If all these parameters are known for an actual case, all 
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radiation quantities can be modeled with high quality, since the mathematical 

radiative transfer codes have very low uncertainties. The parameter with the 

strongest influence is the solar elevation. It changes the radiation from darkness 

during night up to the high values at noon and is also responsible for the 

variability of UV irradiance with respect to geographical latitude and the day in 

the year. However, solar elevation can be accurately calculated for a specific 

location on Earth and time and thus exact values can be taken into account for 

modeling. The same holds for the Earth-Sun distance and, besides minor 

temporal variations, for the spectral extraterrestrial solar irradiance. The 

atmospheric and ground properties, however, are more or less variable and for 

an actual case often not all information is available that is needed for precise 

modeling. Thus, for an actual case, modeled UV irradiance will be uncertain by 

up to 20% for cloud free conditions. The factors which are influencing the UV 

radiation are discussed in chapter 2.1. 

The largest uncertainty in estimating the actual UV radiation is resulting from the 

clouds. To model the effect of clouds with a one dimensional model, often the 

cloud effects are taken into account by the cloud modification factor (CMF). This 

is the spectral ratio of the irradiance for cloudy conditions over the irradiance for 

a hypothetical atmosphere with the same conditions, but without clouds. The 

latter can easily be modelled, and the resulting cloud free irradiance can be 

modified to the irradiance for cloudy conditions by multiplication with the CMF. 

Especially highly variable is the effect due to scattered clouds. Here the cloud 

amount is important, but even more the position of the clouds relative to the Sun. 

Thus, CMFs derived from cloud amount describe only average cloud conditions. 

A suitable way to derive CMFs for actual conditions is to use a known effect of 

the clouds in the visible spectral range (CMFVIS) and transfer the cloud effects to 

the UV. CMFVIS can be derived from solar global radiation measurements, which 

often are available. This method implicitly includes all effects from the actual 

clouds, such as optical thickness, amount and the position of clouds relative to 

the Sun. The transformation of CMFVIS to CMFUV depends on solar elevation, an 

effect which has to be taken into account  

For calculating the UV radiation different models exist (e.g. UVspec, Mystic, 

STAR), which are freely available. 
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2.4. Geographical distribution and temporal variabi lity of UV radiation in 
Europe  
 
The major geographical pattern in the UV radiation distribution is associated with 

latitude. Because the sun is higher on the horizon at lower latitudes, the radiation 

intensity increases from North to South. In July, the erythemal daily dose is 

typically 2 times higher in Southern Europe than in Nordic countries (see Fig. 

2.4.1). This latitude pattern is present in all seasons but more pronounced as the 

daylight duration is shorter. This effect is stronger in the UV than in the visible 

spectral range. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.4.1:  Average erythemal dose 
in July over Europe. 

Fig. 2.4.2:  Average erythemal dose 
in April over the Alpine arc and a 
large part of Italy.   
 

Fig. 2.4.2 shows a number of local effects. For instance, the enhancement of UV 

radiation over the Alps results from altitude, snow and low aerosol load. The 

thinner atmosphere and associated lower aerosol content reduce the 

backscattering of radiation to space. Snow reflects a substantial part of the 

incident radiation, a fraction of which is then backscattered from air molecules 

towards the surface. The lower Pô valley (north-eastern Italy, just below the 

Alps) exhibits lower doses with respect to areas at the same latitude in France 

and Croatia. This is caused by high average cloudiness and aerosol load. 

UV radiation can be very variable from one year to the other. This variability is 

maximal in spring when the stratospheric ozone amount is itself very variable. 
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The other main factor is cloudiness, which can vary substantially from year to 

year. Fig. 2.4.3 shows a few examples: In the period 1958-2002, the cloudiness 

was particularly heavy over N-E Europe in March 1967, leading to low UV in this 

area. The high values in the same area in March 1974 are mostly attributable to 

low ozone. High UV over France and in the North in April 1997 results from the 

combination of low ozone and low cloudiness. Because the stratospheric ozone 

is more regular, the variability in summer is less pronounced (within ±30%) and 

is mostly caused by variable cloudiness. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.4.3:  Variability of the monthly averaged erythemal daily dose in March 
1967 and 1974, and in April 1997. 
 

Fig. 2.4.4 illustrates the spatial variability of UV radiation spectrally weighted for 

its efficiency in the synthesis of pre-vitamin D3 (see Fig.3.1). The action 

spectrum used is the one endorsed by the International Committee on 

Illumination (CIE 2006). The two images on the left represent the CIE 2006 

weighted daily dose on March 10th (top) and July 10th 2000 (bottom) 

respectively. The influencing factors are the same as for the erythemal radiation: 

cloudiness, altitude, surface albedo, aerosols, solar zenith angle and total 

column ozone. However, the “vitamin D3 efficient UV” is more sensitive to 

absorption by ozone than the erythemal radiation. With respect to the erythemal 

action spectrum, the CIE 2006 action spectrum indeed puts a larger relative 

weight on shorter wavelengths and is close to zero in the UV-A. As a 

consequence, the “vitamin D3 efficient UV” decreases with high solar zenith 

angle more rapidly than the erythemal UV, as the effective path of the photons 

through ozone gets longer. This shows in the centre images of the panel 
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representing the ratio of CIE 2006 weighted to erythemal daily doses on the two 

days. In July and at low latitude, this ratio is close to two while it drops below 

one in the North in March. Obviously this ratio also decreases with the amount of 

total column ozone itself. One can see that the patterns in the ratio images 

correspond to the patterns of total column ozone on the corresponding days 

(images on the right).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.4.4:  March 10th (top) and July10th 2000 (bottom), vitamin D3 CIE2006 
weighted daily dose (left), ratio of vitamin D3 CIE2006 weighted to erythemal 
daily dose (centre) and total column ozone field (right). 
 

Surface UV radiation exhibits variations in different time scales ranging from 

minutes to decades. Such variability reflects many complicated processes 

affecting UV transmission through the atmosphere. The most pronounced 

periodical signals in the UV data are the daily and yearly courses related to sun 

elevation. In multi-scale analysis of the data it is convenient to use monthly 

fractional deviations, i.e., deviations of actual monthly means from the long-term 

monthly means expressed in percent. In this way, the strong yearly course is 

subtracted from the data. For many European sites the reconstructed UV series 
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are longer than 50 years. The analysis for Budapest shows that present UV level 

is 5-10% larger than before the 1980s. Such behaviour is found for many sites. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.4.5:  Monthly mean daily erythemally weighted doses for Budapest since 
January 1950 (left panel), smooth curve fitted to monthly fractional deviations 
with 95% uncertainty range for May – September (right panel), illustrates UV 
trend and its uncertainty. 
 

Long-term deviations of monthly mean erythemally weighted UV doses over 

Europe in 2002 relative to the base line level (1958-1978) are shown in Fig. 

2.4.6. Positive (negative) departure means increasing (decreasing) UV level in 

the period 1979-2002. The UV increases over continental Europe, western part 

of North Africa and Svalbard are disclosed in the cold season. The UV increase 

over the continental Europe approaches 10% in the warm season and is slightly 

lower than that in the cold season. The statistically significant UV increases are 

found only over some isolated areas in the continental Europe during the warm 

season.  
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Band Warm Cold Year 

35°– 40°N 2.1 (-0.3, 4.9)  6.3*(2.8, 9.5) 4.7*(2.2, 7.5) 

45°– 50°N 0.8 (-2.3, 3.8)  6.5*(3.5, 9.6) 4.5*(1.5, 7.1) 

55°– 60°N 1.8 (-1.7, 6.1)  1.3 (-2.0, 4.6) 1.2 (-1.2, 4.3) 

65°– 70°N -1.2 (-4.0, 1.6)  -0.7 (-4.6, 4.6) -1.4 (-4.4, 2.2) 

75°– 80°N -4.8*(-7.8,-1.3)  1.9 (-4.1, 9.2) -2.4 (-6.2, 2.0) 

Table 2.4.1:  Departure of erythemally weighted UV radiation in 2002 relative to 
the long-term mean (1958-1978) in percent for warm season (May–September), 
cold season (October–April) and the whole year (January–December). 95% 
confidence ranges of the estimates are in the parentheses. Asterisks mark 
statistically significant results. 
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3. Biologically effective radiation 
 
Solar radiation reaching the Earths surface causes a variety of different effects 

in livings.  

The effectiveness of solar radiation in causing an effect is not always the same. 

The effectiveness changes with the spectral intensity distribution of radiation. It 

changes with location, date, time and atmospheric conditions and the 

surrounding. Additionally the duration of exposure is essentially for an effect to 

become established or not.  

The relation between dose and response to UV radiation can be described by a 

dose-response curve (Fig. 3.1) whereas dose denotes the product of intensity 

and duration of irradiation.  

Dose-response curves are rarely simple straight lines. For some effects no 

response at low doses (offset) was found (as well known for the erythema) while 

others do react. Some effects develop first slowly (shoulder). Over a wide range 

the relation between dose and response is linear; the higher the dose the larger 

the effect. For many effects it was observed that at high doses the response 

increases less and less until there is no further increase although dose still does. 

To make it even more complicated the dose-response curve for a certain effect 

may change with wavelength. 
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Fig. 3.1:  Schematics of a dose response curve showing offset, linear range and 
tailing. 
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To estimate the effectiveness of UV radiation in causing a certain effect the 

action spectrum (or biological weighting function) has to be known to weight 

spectral irradiance. Action spectra are specific for each process and may differ 

obviously as DNA damage and photorepair (see Fig. 3.2) depending on the 

absorbing molecules. 

Frequently applied action spectra are shown in Fig. 3.3: human erythema and 

photosynthesis of vitamin D3.  
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Fig. 3.2: Action spectra for DNA-
Damage and photorepair. 
 

Fig. 3.3:  Action spectra for human 
erythema and photosynthesis of 
vitamin D3. 

 

Collection and preparation of the action spectra for modelling was one of the 

tasks of COST Action 726 in order to allow future users of the reconstructed UV 

data of the past 50 years to choose the proper function for their specific interest. 

Examples of well documented action spectra can be found on the web-page: 

www.cost726.org. 

The following chapters give short summaries of the influence of UV on livings. 

Periodically reports about UV and life are elaborated by the United Nations 

Environmental Program (see Appendix C). 

3.1. Biological effects of UV radiation on human bo dy  
 
The skin 

Solar radiation which is reaching the Earths surface interacts with human skin. It 

can be partly reflected, partly scattered and the rest penetrates into skin tissue. 

The depth of penetration depends on the wavelength. The UV-B radiation 
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penetrates only into epidermis, while UV-A into epidermis and dermis (dermis is 

the second skin layer situated under epidermis). Visible and infrared 

wavelengths penetrate even deeper into the skin. Only absorbed radiation is 

biologically active. The targets of this absorption are not only skin cells but any 

other e. g. immunocompetent cells.   

The immediate response after the UV exposition can be inflammation of the skin 

(erythema known as sunburn, even blisters) and suppression of immune 

reactions in the skin. One of term effects of UV can be the degradation of the 

folic acid content - a basic necessity for fertility. Long term harmful effects of UV 

radiation can be photoaging of the skin and skin cancer. UV-B rays act directly 

on skin tissue but UV-A also by reactive oxygen species creation (this is an 

issue for antioxidative therapy). Adverse reactions after UV exposition could be 

enforced by phototoxic action of some systemic (tetracyclines, thiazides, 

amiodarone, chlorpromazine, etc.) drugs or topically applied cosmetics, 

perfumes, chemicals (coal tar, bergamot oil, musk ambrette, etc.) Photoallergy 

can start also after contact with some sunscreens with chemical filters. 

Pathological sensitivity to solar radiation can persist as a real photodermatosis. 

On the other hand, the exposition to solar radiation contributes to positive 

psychogenic feeling. Seasonal affective disorder represents depression during 

winter after a lack of sunlight exposition. UV-B is also required for 

photosynthesis of vitamin D3 in the skin. The vitamin D3 is essential for calcium 

metabolism respectively skeletal health and plays a key role in postmenopausal 

osteoporosis. The “vitamin D3 effective UV” can be calculated using the action 

spectrum for photosynthesis of vitamin D3 (Fig. 3.3). Fig. 2.4.4 illustrates UV 

radiation spectrally weighted for its efficiency in the synthesis of vitamin D3 over 

Europe, for March and July (left panels). The vitamin D3 effective UV decreases 

rapidly with high solar zenith angle (northern Europe). In regions and cases 

where the natural skin exposure to UV radiation is not sufficient to get enough 

“vitamin D3 effective UV”, the oral supplementation and vitamin D rich diet should 

be applied.  

Whole life consecutive solar radiation exposition may lead to a complex of 

microscopic or clinically apparent patterns called photoaging (Fig. 3.1.1 left 

panel). This is not only chronological aging with atrophy but other changes are 
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involved: freckles or hypopigmented spots, dry skin with keratotic lesions, 

“leather” skin with wrinkles, yellowish elastotic degeneration, cystic comedons 

and even skin tumors, including actinic keratoses, basal and squamous cell 

carcinomas (Fig. 3.1.1 right panel), melanoma. 

More than 90% of all skin cancers occur on sun-exposed skin. The face, neck, 

ears, forearms, and back of hands are the most common places it appears. 

  

Fig. 3.1.1: Left panel: Photoaging of the skin with elastoidosis, komedons 
(blackheads) and keratoses. Right panel: Actinic keratosis of upper lip and basal 
cell carcinoma of nose 

 

Skin type and natural photoprotection   

The skin reaction after sun exposition differs in people. There are some 

dispositions: fair Caucasian skin burns very easily, dark skin of Negroes is 

protected by pigment melanin and usually never burns. We can divide all 

population into 6 skin types:  

 
I Always burns easily; never tans 

II Always burns easily; tans minimally and with difficulty 

III Burns moderately; tans gradually, uniformly (light brown) 

IV Burns minimally; always tans well (moderate brown) 

V Rarely burns, tans profusely (dark brown) 

VI Never burns; deeply pigmented (black), tans profusely 

 

People with skin types I, II are at greatest risk in the sun. The natural skin 

photoprotection involves some components including horny layer thickening and 

melanin pigmentation. The highest importance of epidermal thickness would be 
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expressed in type I. Suntan usually consists of 2 steps. Immediate pigment 

darkening which starts soon after sun exposure in darker pigmented individuals 

(provoked by UV-A), it is unstable reaction and disappears in a few hours. 

Permanent pigmentation reaction (provoked predominantly by UV-B) is clinically 

apparent in 2-3 days and lasts for 2-3 months. 

Skin photoprotection 

Shadow and clothing 

The shadow affords a natural and effective photoprotection (hat, parasol, trees, 

etc.). Textiles photoprotection depends on yarn density and thickness. To a 

certain extend color may play a role as darker absorbs more light (but could 

overheat). Wet garments protect less. Artificial materials (nylon, dacron, etc.) are 

less transparent for UV radiation than cotton. The compression is an important 

factor in stretch garments. Some textiles are labeled by UV Protecting Factor 

(UPF), UPF over 50 signs high protection.  

Sunscreens 

Sunscreens are substances applied directly on the skin (solutions, gels, creams, 

lipsticks, etc.) with photoprotection ability (absorb or scatter UV radiation). The 

best sites for their application are the most exposed areas - nose, ears, lips. The 

sunscreens capacity is defined by Sun Protecting Factor (SPF). The higher SPF 

– the more efficient photoprotection affords (SPF multiplies the "safe" time of 

sunshine exposition). 

Photoprotection properties depend on its active part – filter (Fig. 3.1.2). Organic 

(chemical, absorbers) and inorganic (physical, mineral pigments) substances or 

natural oils (chemically not exactly defined) are distinguished. Topical 

sunscreens with high or very high SPF introduce usually mixtures containing 

both organic and inorganic filters. 
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Fig. 3.1.2: Principles of sunscreens photoprotection 
 

a) Organic (chemical) filters (with large molecule and structure) absorb 

energy in the UV region and this absorption leads to their internal conversion 

which may cause problems with photostability. Contact photoallergy could limit 

the use of some substances as filters but new safer ingredients are dermatologic 

tested (Mexoryl XL, SX; Tinosorb S, M). 

b) Inorganic (mineral pigments) filters scatter and reflect incident UV and 

visible radiation depending how large the particles are. Titanium dioxide, Zinc 

oxide, Magnezium oxide, talcum are mineral substances without allergenic 

potency. Mineral filters in higher concentration are more difficult to spread on the 

skin and the white shade is cosmetically unpleasant.  

c) Natural oils (originated from plants: aloe extracts, jojoba oil) have lower 

SPF. Their emollient and antioxidative properties are useful. 

The topical sunscreens have to be carefully applied, according to instructions. 

The protection achieved is often less than that expected and depends upon a 

number of factors: application thickness and technique, type of sunscreen 

applied, resistance to water immersion and mechanical abrasion, and when, 

where and how often, sunscreen is re-applied. 

Information about actual UV-index or "safe" time on the sun (till redness apears) 

for each phototype is required for correct choice of SPF.  



 27 

New trend in topical photoprotection is to enhance repair of UV damage in 

human skin (using DNA repair enzymes). Human skin as a radiation exposed 

tissue can be affected by photooxidative stress. Antioxidative defense (trapping 

free oxygen radicals) of the skin could be supported by ascorbate, tocopherols 

and carotenoids additives in sunscreens. 

 
The eye  

Acute effect of UV exposure includes photokeratitis (welders flash, 

snowblindness) of the eye. Chronic UV irradiation leads to the conjunctiva 

hypertrophy (pterygium) and droplet keratopathy.  

The iris contents melanin that represents one of the natural protectors of the 

inner eye. Unfortunately melanoma rising from its tissue could be dependent on 

solar UV exposition. People with blue eyes are affected threetimes frequently 

compared to brown eyes people. 

Lens is made from regular peptide fibres important for its transparency. Chronic 

UV exposure leads to desintegration architecture of lenses and loss of 

transparency (cataract). Also depletion of anti-oxydative properties of lens 

enzymes according to age, represents a risk of blindness. 

The main reason of elderly blindness is macular degeneration of retina. This is a 

death of light-sensitive cells in the central part of retina caused by light 

exposition, decrease of antioxidative substances and failure of tissue 

supplementation.  

Eye photoprotection 

The eyes can be protected by sunglasses containing UV-B and UV-A filters. 

Because of the lateral exposure, it is recommended to wear wrap-around 

sunglasses. Also high energy visible radiation (400-500nm) could damage the 

retina and so photoprotection in this spectrum is requested as well. Only 

sunglasses with guaranteed protecting filters should be used.  

3.2. UV Radiation and Animals  
 
Much of information on the photobiological effects of UV radiation on humans 

results from animal studies respectively from mammals. Despite that, rather less 

is known about the influence of UV radiation on wild living animals. Since the 
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1920s the carcinogenicity of UV has been investigated, mostly in mice, rats, 

guinea pigs, and hamsters. Skin tumours have been reported also in domestic 

and food animals including cats, dogs, cows, sheep and goats. Sun burn is 

found in food animals especially when hold under in-appropriate environmental 

conditions. Affected are those parts of the body with spares fur. Most sensitive to 

UV radiation are animals with little fur, and/or reduced pigmentation whereas 

cultured races are on high risk. 

  

Fig. 3.2.1: Sun burned piglet (kept free-range).  
 

A large number of studies have reported acute and delayed ocular effects as 

photokeratitis, photoconjunctivitis or cataract in laboratory experiments and in 

free living animals.  

Immune response to UV radiation in animals is a sophisticated topic because it 

goes hand in hand with tumour development, susceptibility to immunologically-

mediated diseases and infection diseases.  

Folic acid content - a basic necessity for fertility - can be degraded by UV 

radiation too. 

Mammals are not defenceless at the mercy to UV radiation. During evolution 

photoprotective and repair mechanisms were developed to ensure survival of 

species in their natural habitat. 

On the other hand, several kinds of animals when kept indoors, like monkeys in 

zoological gardens, birds or reptiles, may need UV supplement for health. In 

many species, vitamin D3 production can only become initiated by UV radiation 

because they lack the ability to uptake vitamin D3 from diet. Vitamin D3 
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regulates, amongst others, the calcium metabolism. Insufficiency causes rickets 

and osteomalacia or reduces egg hardening.  

Interaction of UV and birds has a further component. Chicken, pigeons and 

others possess UV sensitive receptors in their eyes so that they can use UV 

radiation for visual orientation. Additionally UV radiation can stamp the circadian 

clock of birds. 

Some of the aquatic vertebrates are also visually sensitive to UV and make 

active use of it, like for depth control. Erythema and carcinogeneticy from UV 

were observed too. Beside the adults, eggs are affected by UV as enhanced UV 

increases mortality of embryos. Damage during egg stage may lead to 

deformation in adulthood as it was found in some species of amphibian. 

Recently it was observed that egg-wrapping behaviour protects new embryos 

also from UV radiation. 

For insects the interaction between UV and life is quite complex. Many species 

have visual receptors for UV radiation. They may use UV radiation for orientation 

and navigation. The fact that UV attracts insects is applied in hygiene 

applications, like pest control devices or fly traps. Reflection plays an important 

role in the visual world of insects. Reflection of UV from wings or other body 

parts are often used to identify mates. UV reflection patterns allow also the 

identification of plants as a food source or as place for reproduction. To make it 

even more complex, UV radiation regulates the anti pesticide capability of plants 

for defence on insects.  

Additionally, UV radiation may stamp the time of the circadian clock and may act 

as trigger in-between different stages of development. Development is often 

bounded to other environmental conditions (temperature, availability of food, ...) 

so that a shifted internal clock may be fatal.  

Through their high rate of reproduction and high selection pressure, insects but 

also other animals, have the ability to adapt to environmental changes to a 

certain extend. Recently it was found that the cosmopolitan common fruit fly 

(Drospohila) can even adapt genetically to climate changes at a time scale of 20 

to 30 years. Animals possess also a disposition to migration. This may ensure 

survival but may have detrimental effects for the conquered region. 
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Molluscs are generally very sensitive to UV radiation. However, their environs 

and their behaviour ensure that the received UV radiation is minimal. In certain 

cases however, they have to move outside their safe environment. The degree 

of sensitivity and movement are adapted for this. A changed UV regime 

influences daytime and duration of being outside and the length of distances that 

can be moved.   

In the past, research on UV and animals was often animated by getting 

information for human health applications. After the discovery of the ozone hole 

and the global ozone depletion the effects of UV on animals were studied more 

frequently. Global climate change is nowadays a new ignition for research 

activities. Species preferably under study are still those which are of commercial 

relevance.  

The influence of a change in ambient UV radiation on animals depends on many 

circumstances. Animals, living mainly underground, will be affected rarely. 

Animals, active all day in a rather unshadowed environment may be affected 

seriously. The short life span of many animals limits the development of chronic 

damage and diseases. However, the effects from UV radiation may become 

serious because already a slight curtailing in vitality can be fatal e.g. in 

recognising and escaping predators. With these, mean life span can decrease 

denoting a shorter period for reproduction and for upbringing offspring. If already 

eggs of a species are sensitive to UV radiation, then the long-term adapted 

equilibrium between amount of eggs and the number of animals reaching 

adulthood will be disturbed. 

The world of animals will change as climate and the natural UV radiation 

environment change and it will change much more than the world of humans. At 

this time, nobody can foresee what may happen because of the extreme 

complexity of interactions.  

3.3. Micro-organisms and UV radiation   
 
Micro-organisms are everywhere. Micro-organisms can be found in the air, in 

waters, in the ground, on surfaces and inside other organisms. 

What we call micro-organisms or microbes consists of a variety of types of very 

small livings. They are so manifold and different as one can imagine. Micro-




