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1. Introduction

Numerous processes modulate the UV-B radiation reaching the ground surface and consequently the doses of many biologically active UV radiation. For a given solar zenith angle (SZA), the most important of these driving factors are the absorption by stratospheric and tropospheric ozone, the screening and scattering produced by clouds (with occasional reflection from cloud sides), the scattering due to atmospheric aerosol, and even multiple reflections induced by the presence of a high albedo snow cover. In the present work we study the performances of a very simple tool which permits a retrieval of daily doses of biologically active UV radiation in all cloud cover conditions. This tool does not need any solar spectral (or total) irradiance as entry parameter; it requires only data that are commonly available in most of the meteorological stations in the world. It was elaborated from statistical studies based on solar spectral measurements done, from 2000 to 2002 near Briançon, at Villard St Pancrace. This station is located in Southern French Alps (44.9 N, 6.65 W, 1300 m a.s.l.) and forms part of the French spectral UV network. The method adopted consists in correlating so called “atmospheric transmissivities for biologically active daily doses” measured over a whole year, with three daily parameters - or predictors - considered as independent variables. From the coefficients so obtained daily doses can be retrieved when measurements of the three daily parameters under concern are available at the site.

2. Instruments and methods

There are two spectroradiometers at Briançon Station that measure at the same time the global spectral UV irradiance used to determine the various daily doses. The first instrument is a Jobin Yvon DH 10 equipped with two concave holographic gratings and a focal length of 100 mm; the scans run between 280 and 450 nm with a 0.5 nm step and a FWHM (full width at half maximum) of 0.7 nm. The second instrument is a Bentham monochromator with a total focal length of 2x150 mm, the scans ranging from 290 to 400 nm with a 0.5 nm step and a FWHM of 0.8 nm. Both instruments are equipped with a flat-plate diffuser as a solar radiation receptor and with a Hamamatsu R4220P photomultiplier as a detector; they are periodically calibrated with a 1000W standard lamp traceable to the National Institute of Standards and Technology (NIST), U.S.A.. They run one global irradiance spectrum each half hour between sunrise and sunset; all the spectra are corrected for cosine error and wavelength shift. In addition to usual meteorological recordings, automatic measurements of daily sunshine duration are done at the site by means of a CIMEL optic fibre heliograph (sunshine recorder).

The biologically active radiant exposures (
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) under examination in this work are UV-B daily dose, erythemal daily dose, generalised DNA damage daily dose, and generalised plant damage daily dose. They are denoted here as 
[image: image2.wmf]UVB

D

, 
[image: image3.wmf].

ery

D

, 
[image: image4.wmf]DNA

D

, 
[image: image5.wmf]plant

D

, and respectively defined as:


[image: image6.wmf]ò

ò

ú

ú

û

ù

ê

ê

ë

é

=

D

day

nm

nm

UVB

dt

d

G

315

280

l

l

, 
[image: image7.wmf](

)

ò

ò

ú

ú

û

ù

ê

ê

ë

é

=

D

day

nm

nm

ery

ery

dt

d

A

G

400

250

.

.

l

l

l

,




             
[image: image8.wmf](

)

ò

ò

ú

ú

û

ù

ê

ê

ë

é

=

D

day

nm

nm

DNA

DNA

dt

d

A

G

340

286

l

l

l

, 
[image: image9.wmf](

)

ò

ò

ú

ú

û

ù

ê

ê

ë

é

=

D

day

nm

nm

plant

plant

dt

d

A

G

313

286

l

l

l


                              (1)

In eq. (1) 
[image: image10.wmf]l

G

 is the solar spectral global irradiance (
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 are respectively the action spectra relative to erythema induction following McKinlay and Diffey, to generalised DNA damage following Setlow, and to generalised plant damage following Caldwell.

The atmospheric transmissivities corresponding to the above daily doses are defined as:
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 where index i represents one of the four acronyms UVB, ery., DNA or plant. 
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 is the corresponding extra-terrestrial daily dose, that can be rigorously calculated in 
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with 
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In eq. (3) 
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. As they are defined, the so-called atmospheric transmissivities for the daily doses present the advantage to include the effects of  both daylength change and sun-earth distance variation.
The parameters chosen as predictors of the atmospheric transmissivities Ti for the four daily doses (further to several tests), are: the daily sunshine fraction 
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 is the ratio of the observed sunshine duration to the corresponding possible maximum at the site (assuming this last located in a large flat area without horizon limitation); it has been preferred to cloudiness in eighths (or in tenths) for two main reasons: first sunshine duration concerns the measurement site exactly; second it can be determined objectively by means of instruments. Furthermore, tests done with the  observed cloudiness as parameter have given poor correlation coefficients. Obviously, 
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 is not equivalent to cloudiness: for broken skies as an example, a same daily mean cloudiness may correspond to a low as well as to a high 
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 value. When the site is surrounded by mountains, the direct radiation is cut at low solar elevations and 
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 remains <1 even on a continuously clear sky day: the maximum value obtained at Briançon Station, for example, is about 
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 parameter is easy to calculate, and 
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 may be obtained from the widely used TOMS data (Total Ozone Mapping Spectrometer). Aerosol optical depth and cloud optical depth can also be driving parameters of the transmissivities in the UV band. However these parameters were not considered here because they play generally a less important role and because they require solar spectral or total irradiance measurements that are not commonly available in meteorological stations.

3. Results and discussion for Briançon

The multiple linear correlation between the measured transmissivities and the three parameters 
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where a, b, c, d are coefficients which characterise the UV climate of the site. The values of the a, b, c, d coefficients corresponding to the daily dose transmissivities of interest at the Briançon site, are given in Table 1 for year 2000.

       Daily dose

a

b

c

d




UV-B
      :
   0.014944
   0.037832
   0.061960
  -0.00012314



Erythema  :
   0.0032618
   0.0090605
   0.013147
  -0.000024829


DNA
      :
   0.00044677
   0.00097540
   0.0023383
  -0.0000051441


Plant
      :
   0.0026875
   0.0061106
   0.013765
  -0.000029733

Table 1

The number of spectra used to calculate these coefficients is 75% of the possible maximum over this year (the possible maximum being the number of spectra recorded when the instruments can work without any interruption). The corresponding values of parameters 
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 retrieved from eq. (5) (thick line) as a function of the day number for year 2000. Together with the daily sunshine fraction 
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 (thick line) confirm this diagnosis (see Figure 4). Nevertheless, for many applications, low daily dose values are of lower importance than high values so an accurate retrieval of low 
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The standard deviations over year 2000 of the ratios:
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corresponding to the four daily doses of interest, are calculated. Denoted as 
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. So the ability of eq. (5) to retrieve the daily dose of a given day is rather poor, even when 
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. On the contrary the retrieval of monthly mean daily dose, of three-monthly mean daily dose, or of yearly mean daily dose, give encouraging results. So in order to assess the performances of eq. (5) regarding these three doses, one uses the simple three following tests (that include all available 
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The values of 
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 for year 2000 are reported in Table 2. Excluding January, where 8 measurement days only are available, these tests give the following values when averaged over the other eleven months: 
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Test
        Jan    Feb    Mar    Apr    May    Jun    Jul    Aug    Sep    Oct    Nov    Dec
MUVB
:     51.5     7.5     1.5      9.0     8.0     1.0     3.5     4.0    10.0     1.0    10.0     0.5

QUVB
:

    9.0

            4.0

       4.5

   3.0


Mery.
:     30.5     2.5     6.0      4.0     6.5     2.0     2.5     2.5      6.5     6.0      7.0     5.0

Qery.
:

    3.0

            2.0

       3.0

   0.5

MDNA
:     49.0     9.0     1.5    16.5     7.0     2.0     2.0     6.0      7.0   11.5    12.5   22.5

QDNA
:

    8.0

            4.5

       4.5

   0.5

Mplant
:     56.5     6.5     6.0    13.0     6.0     0.0     3.0     4.5      8.5     7.0    10.5   10.0

Qplant
:

    5.5

            4.5

       4.5

   0.5

Table 2

In figure 5 a comparison is done between daily dose transmissivities measured in 2001 (thick lines) and retrieved from a, b, c, d, coefficients for year 2001 (thin lines) and for year 2000 (dotted lines) in Briançon (Villard St Pancrace). The mean error for year 2001 monthly mean transmissivities retrieved from year 2000 coefficients, range from 5% to 9% depending on the daily dose; for three monthly mean transmissivities, it is about 6%.

4. Results for sites in Northern, Eastern and Southern Europe

Three other European sites with contrasted climatological conditions were chosen for testing the retrieval method of atmospheric transmissivity for daily doses as used in Briançon. The location and the coordinates of these three sites are given in table 3.

Station
(Country)
Latitude
Longitude
Altitude (asl)
Jokioinen
(Finland)
60.8°N

23.5°E

     107 m

Lindenberg
(Germany)
52.2°N

14.1°E

     112 m

Thessaloniki
(Greece)
40.5°N

23.0°E

       60 m

Table 3

Figures 6.a,b,c compare measured (thick lines) and retrieved (thin lines) transmissivities to erythemal daily doses, in Jokioinen (Fin), Lindenberg (D) and Thessaloniki, (GR) for year 1998. The mean error on retrieved monthly mean daily doses ranges from 5% to 7% depending on the station.

Figures 7.a,b,c give the comparison between coefficients b, c, d, as measured in the various European sites (VSP 00 stands for Villard St Pancrace year 2000, and VDA 00 for Villeneuve d’Ascq year 2000, the other station of the French UV network in Northern France).

5. Conclusion

The aim of the present work was to explore the ability of a simple algorithm based on a multiple linear correlation, for retrieving daily doses of biologically active UV solar radiation. For this purpose, an atmospheric transmissivity defined as the ratio of the considered dose to its corresponding extra-atmospheric value, is correlated with three commonly available parameters: the daily sunshine fraction, the cosine of the daily minimum SZA, and the daily total ozone column. The radiant exposures under examination are UV-B, erythemal, DNA damage, and plant damage daily doses. The linear correlation is achieved on the basis of UV spectral and meteorological data recorded from year 2000 to year 2002 near Briançon (Villard St Pancrace) in Southern French Alps. If this very simple method does not permit to retrieve accurately the daily dose of a given day (the error runs from 15% to 30% for sunshine fraction 
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), the retrieval of monthly mean values is good. Testing done for three other European sites involved in the European project EDUCE (European Database for Ultraviolet Radiation Climatology and Evaluation), confirm these results. Henceforth further long term analysis are necessary to better delimit the performances of the retrieval method described.
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Figure1. Values of the daily sunshine fraction 
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Figure 2. Measured and retrieved atmospheric transmissivity for UV-B daily dose as a function of the day number, over year 2000 at Briançon Station.

Figure 3. Daily sunshine fraction and retrieved transmissivity for UV-B daily dose as a function of the measured transmissivity, over year 2000 at Briançon Station.

Figure 4. Relative difference between retrieved and measured transmissivity for UV-B daily dose as a function of the day number, over year 2000 at Briançon Station.
Figure 5. Comparison between daily dose transmissivities measured in 2001 (thick lines) and retrieved from a, b, c, d, coefficients for year 2001 (thin lines) and for year 2000 (dotted lines) in Briançon (Villard St Pancrace).

Figures 6a,b,c. Measured (thick lines) and retrieved (thin lines) transmissivities to erythemal daily doses, in Jokioinen, Lindenberg and Thessaloniki for year 1998.

Figures 7a,b,c. Values of coefficients b, c, d, as measured in the various European sites (VSP 00 stands for Villard St Pancrace year 2000, and VDA 00 for Villeneuve d’Ascq year 2000, the other station of the French UV network in Northern France).
[image: image1.wmf]2

-

m

J

Figure1. Values of the daily sunshine fraction 
[image: image100.wmf]s

, of the cosine of the daily minimum SZA  
[image: image101.wmf]min

m

, and of the daily total ozone column 
[image: image102.wmf]W

, over year 2000 at Briançon Station.
Figure 2. Measured and retrieved atmospheric transmissivity for UV-B daily dose as a function of the day number, over year 2000 at Briançon Station.
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Figure 3. Daily sunshine fraction and retrieved transmissivity for UV-B daily dose as a function of the measured transmissivity, over year 2000 at Briançon Station.

[image: image104.wmf]0

0.002

0.004

0.006

0.008

0.01

0.012

0

50

100

150

200

250

300

350

400

measured

retrieved

Transmissivity for erythema

DAY NUMBER

JOKIOINEN ( FINLANDE ) YEAR  1998


[image: image105.wmf]0

0.002

0.004

0.006

0.008

0.01

0.012

0

50

100

150

200

250

300

350

400

measured

retrieved

Transmissivity for erythema

DAY NUMBER

LINDENBERG (GERMANY ) YEAR  1998

Figure 4. Relative difference between retrieved and measured transmissivity for UV-B daily dose as a function of the day number, over year 2000 at Briançon Station.
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Figure 5. Comparison between daily dose transmissivities measured in 2001 (thick lines) and retrieved from a, b, c, d, coefficients for year 2001 (thin lines) and for year 2000 (dotted lines) in Briançon (Villard St Pancrace).
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Figures 6a,b,c. Measured (thick lines) and retrieved (thin lines) transmissivities to erythemal daily doses, in Jokioinen, Lindenberg and Thessaloniki for year 1998.
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Figures 7a,b,c. Values of coefficients b, c, d, as measured in the various European sites (VSP 00 stands for Villard St Pancrace year 2000, and VDA 00 for Villeneuve d’Ascq year 2000, the other station of the French UV network in Northern France).
� INCORPORER KGraph_Plot  ���





� INCORPORER KGraph_Plot  ���





� INCORPORER KGraph_Plot  ���





� INCORPORER KGraph_Plot  ���





� INCORPORER KGraph_Plot  ���





� INCORPORER KGraph_Plot  ���





� INCORPORER KGraph_Plot  ���








1
15

[image: image113.emf]-150

-100

-50

0

50

100

150

050100150200250300350400

Briançon (year 2000)

D

UVB

 for allD

UVB

 for    >0.2

Day Number

%

[image: image114.emf]0

0.02

0.04

0.06

0.08

00.010.020.030.040.050.060.070.08

Briançon (year 2000)

T

UVB

T

UVB

 (retrieved)

T

UVB

 (measured)

0.8

0.6

0.4

0.2

0

sunshine fraction

[image: image115.wmf]0

0.002

0.004

0.006

0.008

0.01

0.012

0

50

100

150

200

250

300

350

400

measured

retrieved

Transmissivity for erythema

DAY NUMBER

JOKIOINEN ( FINLANDE ) YEAR  1998

[image: image116.wmf]0

0.002

0.004

0.006

0.008

0.01

0.012

0

50

100

150

200

250

300

350

400

measured

retrieved

Transmissivity for erythema

DAY NUMBER

LINDENBERG (GERMANY ) YEAR  1998

[image: image117.wmf]0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0

50

100

150

200

250

300

350

400

measured

retrieved

Transmissivity for erythema

DAY NUMBER

THESSALONIKI ( GREECE ) YEAR  1998

[image: image118.wmf]0

0.002

0.004

0.006

0.008

0.01

Joki 98

Lind 98

Thes 98 

VSP 00

VDA 00

VSP 01

VSP 02

b coeff.

[image: image119.wmf]0

0.005

0.01

0.015

0.02

Joki 98

Lind 98

Thes 98 

VSP 00

VDA 00

VSP 01

VSP 02

c coeff.

_1073837307.unknown

_1075123220.unknown

_1075181567.unknown

_1076304715.unknown

_1111060260.bin

_1111060904.bin

_1111061782.bin

_1111062269.bin

_1130653925.unknown

_1111062013.bin

_1111060975.bin

_1111060751.bin

_1081868328.unknown

_1110956711.unknown

_1076304751.unknown

_1076304770.unknown

_1076304588.unknown

_1076304659.unknown

_1075187337.unknown

_1075187246.unknown

_1075187336.unknown

_1075182112.unknown

_1075123325.unknown

_1075181389.unknown

_1075181411.unknown

_1075181344.unknown

_1075123344.unknown

_1075123286.unknown

_1075123302.unknown

_1075123248.unknown

_1074933034.unknown

_1075036430.unknown

_1075123187.unknown

_1075123202.unknown

_1075101049.unknown

_1075101589.unknown

_1075123172.unknown

_1075101089.unknown

_1075101109.unknown

_1075101069.unknown

_1075097971.unknown

_1075101010.unknown

_1075097930.unknown

_1074959037.unknown

_1075010580.unknown

_1075010713.unknown

_1075010731.unknown

_1075010655.unknown

_1075010561.unknown

_1074957244.unknown

_1074958953.unknown

_1074956340.unknown

_1073837312.unknown

_1074434031.unknown

_1074434073.unknown

_1074434086.unknown

_1074434053.unknown

_1073837313.unknown

_1073837309.unknown

_1073837311.unknown

_1073837308.unknown

_1073837284.unknown

_1073837295.unknown

_1073837301.unknown

_1073837305.unknown

_1073837306.unknown

_1073837303.unknown

_1073837297.unknown

_1073837300.unknown

_1073837296.unknown

_1073837290.unknown

_1073837292.unknown

_1073837294.unknown

_1073837291.unknown

_1073837286.unknown

_1073837289.unknown

_1073837285.unknown

_1073395800.unknown

_1073837279.unknown

_1073837283.unknown

_1073837280.unknown

_1073837281.unknown

_1073837277.unknown

_1073837278.unknown

_1073837272.unknown

_1073837275.unknown

_1073397873.unknown

_1061974138.unknown

_1073395797.unknown

_1073395798.unknown

_1073395795.unknown

_1073395796.unknown

_1061984928.unknown

_1062149246.unknown

_1061984319.unknown

_1061974066.unknown

_1061974109.unknown

_1061974020.unknown

