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ABSTRACT 

 
The stratospheric ozone depletion during the last two decades, the increase of UV-B irradiance levels at the ground and 
the possible impact on the biosphere has led scientists to develop and use instruments of high accuracy for UV 
measurements. 
During the last two years, 9 UV stations have been established in different environments in Greece and Cyprus, with the 
aim to establish a long-term monitoring network. The instruments of the network (NILU-UV multichannel filter 
radiometers) can provide measurements of irradiance in the UV and the visible part of the solar spectrum.  
In this study, first results from the calibration measurements and the quality assurance procedures are presented. The 
stability of the maximum of spectral response and the full width at half maximum was measured within 0.5 nm. Lamp 
tests were performed and downward drifts up to 40% in UVA channel sensitivity were observed. Calibration factors 
derived from lamp measurements could provide measurements of UV dose rate and total ozone with quite good 
agreement when compared with standard ultraviolet instruments. 
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1. INTRODUCTION 
 
The spatial and temporal variability of ultraviolet (UV) irradiance reaching the ground due to clouds, total ozone, 
aerosol properties and surface albedo has been discussed in detail in scientific literature1,2,3,4. Although satellite-derived 
estimations of UV irradiance could be used to establish a global UV climatology, the weakness to account correctly for 
aerosol and ozone in the boundary layer and the disadvantage to provide only one measurement per day lead to 
overestimation of UV irradiance by more than 15% in polluted sites5,6,7. 
The ozone layer depletion and the resultant enhancement of UV irradiance reaching the ground, in combination with the 
consequences on the ecosystem induced by overexposure to ultraviolet radiation, stimulated the scientific community to 
establish monitoring programs of solar ultraviolet radiation in different countries8,9.10. Substantial efforts have also been 
made by scientists to produce long- and short-term forecasts of UV radiation levels11. Although spectroradiometers are 
considered to be the appropriate instruments to provide quality assured measurements of solar UV irradiance, they 
require a lot of attention and effort to maintain them. As a result, multichannel filter radiometers which have the 
advantages of easy calibration, little effort for maintenance and the appropriate methodology to derive several 
atmospheric (e.g ozone, cloud transmittance) and biologically effective quantities (e.g erythemal dose) have been 
extensively used in UV monitoring networks. 
The results presented in this study refer to the multichannel filter radiometers of Greek UV Network. A short description 
of the network, the quality assurance procedures and the first results after 1.5 years of pilot operation will be discussed 
in the next paragraphs.  
 

 
 

2. DESCRIPTION OF THE NETWORK 



 
The network was designed to cover geographically Greece and Cyprus, comprising 8 satellite stations distributed at 
locations with different environments and a central station located at Thessaloniki, where a suite of spectral and 
broadband radiation and other related measurements are performed. One more radiometer is used as a traveling standard 
(table 1). The network provides online one-minute averages (with standard deviation) of channel irradiance from all 
stations through a newly designed algorithm. A series of products such as CIE-weighted UV dose rates, integrated UV-
A, UV-B and visible irradiances, cloud cover assessment and total ozone abundances are available based on the method 
described by A. Dahlback12. 
 

Site 
 

Latitude (oN) 
 

Longitude (oE) 
 

Serial Number 
Start of 

Measurements 
Thessaloniki 40.5 23.0 04103 12/2004 

Nicosia (Cyprus) 35.2 33.3 04104 05/2005 
Athens 38.0 23.8 04105 12/2004 

Mytilene 39.1 26.5 04107 01/2005 
Patra 38.3 21.8 04108 10/2005 

Iraklio 35.3 25.2 04109 03/2006 
Xanthi 41.1 24.9 04110 09/2006 

Ioannina 39.7 20.8 04111 10/2005 
Rhodes 36.5 21.8 04114 05/2006 

 
Table 1: Detailed information for the ground-based stations of the Greek UV Network 
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Figure 1. Sensitivity of a NILU-UV instrument in internal temperature variations. 
 
NILU-UV multi-channel radiometers provide UV irradiance measurements at five wavelength bands centered at 302, 
312, 320, 340 and 380 nm, with full width at half maximum (FWHM) of approximately 10 nm. In addition, a sixth 



channel measures photosynthetic active radiation (PAR) between 400-700 nm. The technical details of the instrument 
are described in Hoiskar et al.13. The NILU-UV instruments are capable in maintaining their internal temperature to 
50±.01 °C throughout the year for the conditions of the 9 Greek stations. Occasionally, deviations of up to ~3°C have 
been observed at the station in Cyprus, where the ambient temperature is generally higher. Figure 1 shows the expected 
error in irradiance at the 6 channels for various internal temperatures with respect to 50°C. This error was derived by 
changing the stabilization temperature in one instrument while keeping a second one at normal operation. It appears that 
even for the observed occasional deviations of a few degrees in the stabilization temperature the effect in the irradiance 
measurements is negligible (<1%). It also appears that the 300 and the PAR channels are almost insensitive to 
temperature variations. 
 

3. SPECTRAL AND COSINE RESPONSE CHARACTERIZATION 
 
Accurate measurement of spectral response characterization of filter radiometer channels appears necessary to gain 
results of high quality9. Although the manufacturer has performed these kinds of measurements, a new apparatus have 
been established at the Laboratory of Atmospheric Physics, in order to estimate also the cosine error of the instruments. 
The main parts of the apparatus are a 1000W Xe lamp and a grating double monochromator with prism predisperser. 
Typical measurements of spectral and cosine response for NILU-UV 05105 are presented in figure 2. 
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Figure 2. Normalized spectral response (upper panel) and cosine error (lower panel) for NILU-UV 04105 
 



The cosine error for all UV channels could be considered negligible for solar zenith angles less than 60 degrees. For low 
Sun conditions the cosine error at UV-B channels increases significantly and reaches 20% at 80 degrees, while it is less 
than 10% for the UV-A channels. 
The spectral response of 2 NILU-UV instruments has been measured several times in the past three years in order to 
examine its stability during this time. Figure 3 shows the results of the deviations in the wavelength of the maximum 
response and in the Full Width at Half Maximum (FWHM) of each filter. It has been found that both the wavelength of 
maximum response and the FWHM are stable to within ~0.5 nm, since the instrument has been deployed at the station 
of Thessaloniki. For one instrument (04106), there are deviations between the measurements done at LAP with those 
provided initially by the manufacturer. According to Bernhard et al.9, this magnitude of uncertainty could lead to a 15% 
bias at 305 nm and 5% at 320 nm, when comparing measurements of these channels with spectral measurements. 
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Figure 3. Variation with time in the wavelength of maximum spectral response of 2 NILU-UV instruments (upper panels) and in the 
FWHM of their filters (lower panels) 
 
 
 

4. CALIBRATION OF MULTI-CHANNEL FILTER RADIOMETERS 
 

4.1 Solar comparison with spectroradiometers 
 
According to Dahlback12, the calibration factors ki for each NILU-UV channel could be derived from the equation: 
 

ki= i i

0
( ) ( )
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∞
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where:  
 
Vi

  and Di are the signal and the offset of channel i 
R(λ) the normalized spectral response 
E(λ) the spectral irradiance measured by a spectroradiometer 
 
The coefficients ki provide a simple relation between the raw counts of the radiometers and the measured irradiance of a 
spectroradiometer, while the stability of the coefficient is indicative for the channel stability. Since the end of 2004, all 
instruments of the Greek UV Network are traceable with cosine corrected measurements from double Brewer #086, 
located at Thessaloniki. As the Brewer spectroradiometer needs almost 8 minutes to perform a full scan (290-365 nm), 
we use for each channel the closest in time 1min averages from NILU-UV instrument relative to the time of nominal 
wavelength measured from Brewer. The SHICrivm algorithm14 is applied to all spectra, to correct for wavelength shifts 
and non-natural spikes. In addition, all spectra are artificially extended to 400 nm by the algorithm, in order to calculate 
the calibration factors also for 380 nm. 
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Figure 4. Difference (%) in calibration factors from the local noon value as a function of solar zenith angle for NILU-UV 04103 for a 
summer day of 2005. 

 
The differences (%) in calibration factors from the local noon value as a function of solar zenith angle during a summer 
day of 2005 are presented at figure 4. For all channels (except 302 nm) of NILU-UV 04103 (located at Thessaloniki), 
the percentage difference is less than 5% (10%) for solar zenith angle below 70 (80) degrees. These differences could be 
partly attributed to the cosine error of the instruments, although there is an obvious divergence between morning and 
afternoon values at high solar zenith angles, possibly due to changes to the optical properties of the atmosphere (total 
ozone and aerosols) and to azimuthally dependent cosine response during the day10. The significantly increased 
differences for 302 nm (where the cosine error of radiometer and the uncertainty of spectral measurements are also 
higher) are indicative for the existence of a small shift in spectral response. 



 The azimuth response of NILU-UV 04106 was tested by rotating the instrument during a cloud-free day with the Sun at 
~50° SZA. After correcting for the change in irradiance due to SZA variation during the measurements (~10 min 
duration), the azimuth response follows the pattern shown in Figure 5. For all channels the azimuth error is less than 
±1.5%. 
 

0 90 180 270 360
AZIMUTH ANGLE (deg from North)

-1.5

-1

-0.5

0

0.5

1

D
ev

ia
tio

n 
in

 ir
ra

di
an

ce
 (%

)

302 nm
312 nm
320 nm
340 nm
380 nm
PAR

Figure 5. Azimuth response of NILU-UV 04106 multi-channel filter radiometer. 
 

4.2 Lamp measurements 
 
Possible changes in channel sensitivity of multi-channel filter radiometers could be examined with lamp test 
measurements. Two sets of three lamps (provided with a portable unit by the manufacturer) have been measured 
alternatively every month by NILU-UV 04103 and 04106, located at Thessaloniki. For each lamp, three measurements 
are performed, one with 04103 between two with 04106, in order to examine the stability of the lamp during the 
measurement time. In the great majority of cases, the difference between the two measurements with 04106 is less than 
1%. The whole procedure lasts less than 10 minutes and in all cases no difference in instrument internal temperature has 
been recorded. In all cases the measurements have been performed under fairly good weather conditions (light wind, no 
rain and typical Mediterranean temperature conditions). Lamp measurements of UV-B and UV-A irradiance performed 
by Brewer, confirmed their stability with time. 
Concerning the drift of the channels, the two instruments show almost the same behavior. In figure 6 the mean measured 
difference (%) in lamp measurements from NILU-UV 04103 relative to the first measurement is presented. In cases that 
one lamp differed significantly from the other two, then it was discarded. The sensitivity of the first three channels 
(corresponding to 302, 312 and 320 nm nominal wavelengths) increased during the first half of year 2005. During the 
second part of year 2005 a significant decrease by 20% was examined, which was remained almost stable for 2006. 
Severe downward drifts by 20% and 40% were occurred for 340 and 380nm during the first year of operation. These 
drifts remain almost stable for these channels also during 2006. The magnitude of drifts in NILU-UV channel sensitivity 
is similar with results from other studies15, 10. 
 

5. COMPARISON OF DATA PRODUCTS 
 
Calibration factors derived from lamp measurements applied to the raw counts of the instruments of the Greek UV 
network and the method of Dahlback12 used to derive total ozone and erythemal dose rate values. In this study, we 
present preliminary results from the comparison of network measurements with data from standard ultraviolet 
instruments. 



 

  
Figure 6. Variation in lamp measurements from NILU-UV 04103 with time 
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Figure 7. Comparison of CIE dose rates from NILU-UV 04103 and Brewer #086, located at Thessaloniki. 
 
Comparison results of NILU-UV 04103 erythemal dose rates (CIE) with Brewer measurements for twenty cloud-free 
days during 2004 and 2005 are presented in figure 7. Each ratio between values of the two instruments derived from an 
eight minutes average of UV dose rate from multi-channel filter radiometer divided with same quantity derived from 



one Brewer spectrum. For solar zenith angles below 75 degrees, the mean ratio is 1.00±0028 and in all cases the 
difference between the two instruments is within ±10%.  For higher solar zenith angles the difference increases 
significantly, mainly because of the possible uncertainty in NILU-UV spectral response and the use of non-cosine 
corrected data. Of course, the limited accuracy of the spectroradiometer and the effect the rapid change of solar zenith 
angle should not be neglected. 
The comparison of the daily mean total ozone values from a northern (Thessaloniki, Greece) and a southern (Nicosia, 
Cyprus) site of the Greek UV network and the estimations from Ozone Monitoring Instrument (OMI) are presented in 
figure 8. For each day, the mean ozone value from NILU-UV instruments was calculated from one-minute averages for 
solar zenith angle below 70 degrees and cloud transmittance in the 340 nm channel higher than 50% and compared with 
the OMI measurement. The mean percentage differences at Thessaloniki and Nicosia are 1.3±2.3 % and 2.0±2.0 % 
respectively. Similar results have been calculated for the other sites of the network. Although further examination of the 
results is needed, the higher mean difference at Nicosia could be possibly attributed to the longer time period between 
lamp calibrations (once a year). In addition, the lower standard deviation from the mean could be related to the better 
weather conditions and higher solar zenith angle at the southern site. 
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Figure 8. Comparison of the daily mean ozone values from ground-based (GB) stations at Thessaloniki and Nicosia with 
OMI estimates. 
 

6. CONCLUSIONS 
 
Preliminary results from quality assurance procedures during the pilot phase operation of the Greek UV network are 
presented in this study.  

• The effect of the deviation in temperature from the stabilized internal value by few degrees is less than 1%.  
• The stability of the wavelength of maximum spectral response and the FWHM in the past three years was 

measured within 0.5nm. Further examination is needed on these findings, since it was shown from relevant 
studies that the corresponding errors in channel irradiances could be significant. 

• The cosine error in channel irradiances could be considered negligible for SZA<60o, but increases significantly 
(20% for 80o) for the UV-B channels. 

• The azimuth response of a NILU-UV for SZA=80o was tested during a cloud-free day and the azimuth error 
was less than 1.5% for all channels 



• The drifts in channel sensitivity with time have been examined with the use of lamp test measurements. 
Downward drifts up to 40% have been shown during the first year of operation, especially at the UV-A 
channels. 

• Calibration factors were calculated with the method described by Dahlback12. The observed differences during 
a day from the local noon value, could be indicative for errors in measurements of spectral response especially 
for UV-B channels.  

• Calibration factors derived from lamp measurements were applied to non-cosine corrected raw counts of 
NILU-UV instruments and comparison of UV (CIE weighted) dose rates and daily mean ozone values with 
Brewer and OMI measurements were performed. According to results, the differences up 10% in UV dose rates 
under cloud free conditions were observed for SZA<75o .For all sites, the mean difference in ozone 
measurements was less than 2% and with standard deviation was less than 2.5%. 
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