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Abstract

Inthe last two decades as a consequence of ozone depletion there has been an increasing interest in the study of biological ef
fects of ultraviolet radiation (UV). Spectral instruments, which provide detailed information on UV environmental conditions,
have been in use systematically only for little more than a decade. These time series are still relatively short and information
on spectral historical irradiance levels is not available. Many efforts have been carried out in inferring this information from
other available data sets. One of them has been the use of statistical models. Spectral irradiances are available at South Pole
(90°00'S 0) and Barrow (7118N, 15647'W) from the NSF UV Radiation Monitoring Program since 1991. In the present
paper, daily-integrated biologically weighted irradiances for these sites are inferred back to 1979 using a multi-regressive
model, obtaining time series that extend near the beginning of the Antarctic ozone depletion. These datasets are unigue since
the daily-integrated irradiances were calculated from irradiance measured hourly at the earth’s surface. The biologically
weighted irradiances are estimated from irradiance measured with broadband instruments, ozone, and solar zenith angles.
From daily-integrated irradiance, monthly means were also calculated. The RMS errors between the estimated and measured
daily-integrated irradiances range from 4.69 to 7.49% at South Pole and from 9.57 to 15.20% at Barrow, while the monthly
mean errors vary from 2.07 to 3% and 2.95 to 3.91%, respectively. Completing the databases with spectral measurements, the
resulting time series extend from 1979 to 2000. Analyzing monthly values an increase relative to 1979-1981 during all years
is observed at South Pole. Largest increases are observed for DNA and plant-chromosphere weighted irradiances during Oc-
tober. Although at a lower rate, an increase is also observed at Barrow during the spring. Maximum monthly increase at South
Pole during October is near 1200% relative to 1979-1981, while the increase at Barrow is near one tenth of that percentage.
Daily-integrated irradiance shows that a slight increase was present during the spring at South Pole for the period 1979-1981
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reflecting the beginning of the ozone depletion. Historical maximums of daily-integrated DNA weighted irradiance at South
Pole (9000'S, °0Q) are about as large as summer maximums at San Diegd%3® 11711'W).
© 2003 Elsevier B.V. All rights reserved.
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broadband measurements do not provide enough infor-
mation to determine a relation between the radiation
Ultraviolet radiation (UV) plays a key role in level and the effects on biological systems, which are
several biological functions, sometimes detrimental mostly wavelength dependent. Hence, spectral irra-
(e.g. DNA damage, immunosupression, cataracts) diances and irradiance weighted with the appropriate
and others beneficial (e.g. assimilation of Vitamin D, action spectrum are important for biological studies.
diminishing of risk of some internal cancers). As a Systematic measurements of UV performed with
consequence of the ozone depletion, a considerablespectral instruments began in the late 1980s, after the
number of studies have been performed to investigate discovery of the ozone hole (for example, in 1988 the

1. Introduction

the effect of increasing UV radiation on ecosystems. NSF UV Radiation Monitoring Program started oper-
Many investigations have been carried out to study ation). Much longer time series of erythemal-weighted
the effects of UV radiation on human health and, ter- and pyranometer irradiances are available.

restrial and aquatic ecosysteniable 1summarizes

Recently, a multi-regressive model, which allows

only a few of the long list of papers in the literature. estimation of spectral and biologically weighted ir-
As a consequence of the large differences in the radiances from broadband measurements (e.g. pyra-
magnitude of the irradiance with wavelength, usually nometer) has been developeBidz et al., 2008

Table 1
A brief list of studies addressing detrimental and beneficial effects of UV radiation

Effect

Reference

Action spectrum of UV-induced DNA damage
UV effect on eggs and larvae of anchovy

Determination of urocanic acid (UCA) as chomophore for UV-induced immunosuppression

Studies on human outdoor exposure to UVR

Determination of DNA as chomophore for UV-induced immunosuppression

UV effect on phytoplankton primary production

Review effects of UVR on terrestrial plants

UV effect on primary production

UV-B effects on soybean

Review effects of UVR on terrestrial plants

UV-B biological changes in Antarctic water

UV effect on phytoplankton photosynthesis

UV effect on pelagic ecosystems

Cornea absorption of the UVR below 300 nm lens absorption of the UVR below 370 nm

Photokeratitis in humans. Environmental exposure to UVR (U¥-BJV-A)

UV effect on nanoflagellates

UV effect on pelagic ecosystems

Review of UV-B effects on heathland species

Review effects UVR on terrestrial plants

UV Effect on phytoplankton photosynthesis

UV Effect on phytoplankton photosynthesis

Plants DNA damage. Action spectrum more weight UV-B wavelengths and little
participation of UV-A

UV-B effect on sphagnum and carex fen ecosystems

Diminishing of risk of several internal cancers by UV-B exposure

Setlow (1974)

Hunter et al. (1979)
DeFabo and Noonan (1983)
Sliney et al. (1990)

Kripke et al. (1992)

Smith et al. (1992)

Tevini (1993)

Vincent and Roy (1993)
Caldwell et al. (1994)
Teramura and Sullivan (1994)
Cabrera and Pizarro (1994)
Helbling et al. (1994)
Williamson (1995)

Merriam (1996)

Mc Carty and Taylor (1996)
Sommaruga et al. (1996)
Vernet and Smith (1997)
Bjorn et al. (1997)

Rozema et al. (1997)
Cullen and Neale (1997)
Neale et al. (1998)
Rousseaux et al. (1999)

Searles et al. (1999)
Grant (2002)
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The methodology and accuracy of the model are dis- irradiances and clouds may produce large changes in
cussed in detail in the above-mentioned paper. In the the irradiance at the earth’s surface.
present paper, the model is applied to obtain three  Assuming that the variation in spectral or biolog-
biologically weighted irradiances (DNA damage, ery- ically effective irradiances may be considered as the
themal and plant-chromophore) back to 1979 at South product of the variation associated with clouds and
Pole (9000'S, 0°00) and Barrow, Alaska (718N, geometric factors, and an attenuation factor related to
156°47W), and the time series of the estimated ir- ozone changes, a multi-regressive model was devel-
radiance, completed with spectral measurements areoped to infer spectral or biologically effective irra-
then analyzed. Satellite data has been used to recon-diances from solar zenith angle, total column ozone,
struct ground irradiance time serie€gbula et al., and a proxy for cloud coveiDjaz et al., 2008 In this
1994; Eck et al., 1995; Cebula et al., 1996; Li et al., paper, pyranometer data are selected as a proxy for
2000 but, cloud and albedo are still problematic. cloud cover. The pyranometer data also include infor-
Also, satellite measurements are performed only once mation on geometric factors, albedo, and aerosols to
a day, then daily values are inferred only from one some extent.
measurement. Both ground-based irradiance measure- Pyranometers are broadband instruments that mea-
ments (spectral and broadband) used in this paper aresure with a flat filter (no weighting function) wave-
performed once an hour, then the daily-integrated val- lengths from 285 to 2800 nm. As a consequence of
ues used to solve the model are calculated from thesethe much smaller values of solar irradiances in the
hourly data, providing more detailed information. UV-B (280-320nm) related to the other bands, these
Some other empirical and statistical models, which instruments are not able to provide information of
use ground-based irradiance measurements, have beethe UV-B or the biologically effective irradiances
developedIfo et al., 1994; Bodecker and McKenzie, that are considered in this paper, unless their data are
1996; Fioletov et al., 2000 but none include the  combined with other datasets.
methodology and sites that we are considering in the  Taking into account that an exponential relationship
present paper. Also, the methodology proposed in the is observed between biologically effective irradiance
statistical model applied here is very simple, the re- and broadband data, which is a consequence of the
gression coefficients are determined using co-exiting dependence of the first one on total column ozone,
measurements of spectral and broadband irradiance,while the irradiances measured with a pyranometer
total column ozone and solar zenith angle (which is can be considered independent of this parameter, then,
calculated with any of the available algorithms). No the proposed multivariate equation is:
g:t;z;uz?z?qgfcr.))/. data is necessary (e.g. cloud cover, V= arx1 + azxa + azxz + b @
where y = InE (E is the biologically weighted
daily-integrated irradiance)y1 = In Ep (E, is the

2. Methodology and data broadband daily-integrated irradiance);is the total
column ozone (daily valueks is the solar zenith an-
2.1. Methodology gle averaged daily value from sunrise to sunset (solar

zenith angle smaller or equal to90ay, az, az andb

Ground-level radiation is a function of several are the regression coefficients, determined using the
factors: sun-earth distance, atmospheric gases andeast squares approach.
aerosols, solar zenith angle, clouds, altitude and sur- It was observed that smaller errors between esti-
face albedo. Solar zenith angle and the Earth-Sun mated and measured values are obtained, particularly
distance (geometric factors) are very important in in winter months, when the model is solved for each
determining irradiances at the earth’s surface (e.g. month of the year, calculating twelve sets of co-
the irradiance variations with time of the day, lat- efficients, instead of one set of coefficients for all
itude, and season are the result of a change in themonths. Calculating only one coefficient set, winter
solar zenith angle). Total column ozone is the most months present larger errors since these months do
important atmospheric gas affecting ground-level UV not contribute significantly when included with other
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Fig. 1. Action spectrum for: DNA damage, plant-chromosphere and erythema (CIE). It can be observed that while for the first two action
spectra the value falls strongly in the UV-B, the decrease for the erythema action spectrum in the UV-B is smaller, with an even smaller
variation in the UV-A.

seasons at the moment of calculating the regressionwas collected hourly from the beginning of the Pro-
coefficients applying least squares. gram until mid-1996 (or the beginning of 1997, de-
In this paper, the multi-regressive equation is solved pending on the site) and quarter-hourly since then to
for three biologically weighted irradiances: (1) param- the present, in both cases between sunrise and sunset.
eterization of DNA damageSgtlow, 1974, (2) plants The spectroradiometers have automatic response and
related effects using a parameterization @feen wavelength calibrations performed once a day with
et al. (1974)for biological response to UV-B when internal Hg and Halogen-Tungsten lamps. External
plant chromospheres are involve@aldwell, 1971, response calibrations are performed every 2 weeks
and (3) erythemalNIc Kinlay and Diffey, 1987. As with a 200-W external lamp. Periodically, usually
it can be observed iRig. 1, action spectra for DNA  once a year during site visits, external response and
and plant-chromosphere show a more pronouncedwavelength calibrations of all instruments in the net-
decrease with increasing wavelengths then, they arework are performed with independent standard lamps,
more affected by ozone changes. For the three actionwhich are checked frequently by standard laborato-
spectra, the model is solved for the period January ries Booth et al., 1998 The network is an effort of
1993-December 1998 usirigq. (1) and then, the  the Office of Polar Programs of NSF, which started
values are estimated back to 1979 by applying the operation in 1988. The stations are: South Pole, Mc
regression coefficients determined for 1993-1998.  Murdo and Palmer, in Antarctica; Ushuaia, Tierra del
Fuego, Argentina; San Diego, California, USA; and
22 Data Barrow, Alaska, USABooth et al., 1998
Data is processed by Biospherical Instruments Inc.,
Measurements of high spectral resolution irradi- under 'contract (_)f Raytheon Polar Services. Database
ances are provided by SUV-100 spectroradiome- 3 prqwdes |rraQ|ances mtgzgrated at.several bands.and
ters (Biospherical Instruments Inc., San Diego) irradiances weighted by different action spectra, which

of the NSF UV Radiation Monitoring Program '€ calculated as follows:

(Booth, 1992-2000 These instruments are scan- 22

ning, double-monochromator-based spectroradiome-lz Z(IA)()‘)’ W) @)
ters with an irradiance collector that follows Lambert M

cosine law. They measure solar radiation at ground where | is the biologically effective irradiance
level, scanning across the ultraviolet and visible spec- (wW/cm?), I,(1) is the irradiance at wavelength
trum (280—-605nm) with a bandwidth of 1nm. Data (wW/cmé/nm), andW(1) is the weighting function
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(action spectrum) (dimensionless), andand i, are After estimated biologically weighted irradiances

the limit wavelengths. The summing is performed were calculated from 1979 to 1998, the gap produced
between 280 and 400 nm in 1 nm steB®¢th et al., by the lack of ozone satellite measurements from De-
1998. cember 1994 to June 1996, the period 1998-2000, and

South Pole and Barrow were selected for the esti- March 1994 at Barrow, are completed with biologi-
mation of historical irradiances since they are the only cally weighted irradiance obtained from spectral mea-
two sites of the NSF UV Radiation Monitoring Pro- surements (NSF UV Radiation Monitoring Program,
gram where well-calibrated pyranometer data, prior SUV-100). Then, a complete time series from 1979 to
to the installation of the NSF network, are available. 2000 is reconstructed for analysis.

Spectral measurements are performed for South
Pole (90S, 0) only from October to March and for
Barrow (7F18N, 15647W) only from March to 3. Results and discussion
September, due to polar night. Data collected under
all weather conditions is used; thus the data include ag pointed out in a previous section, simultaneous

different cloud covers, solar zenith angles and albedo. yat5 of biologically weighted and broadband irradi-
Databases of spectral time series for both sites areynces are necessary to obtain the regression coeffi-
available since 1991 to present with minor gaps. cients ofEq. (1) The model is solved for the period
Uncertainty is wavelength dependent, but for the 1993 1998 and the RMS error for daily-integrated
iradiances used in this paper it is estimated to be jragiance is shown iable 2 The error remains at
near+6%. _ _ acceptable levels for the purposes of this paper and
Total column ozone is provided by NASA Goddard - ghows |arger values at Barrow as a consequence of
Space Flight CenterMc Peters and Beach, 1996, cjgydier skies. Then, monthly means are calculated
2001; Herman, 1998Data are available from TOMS 5 the measured and estimated daily-integrated val-
instruments (Total Ozone Mapping Spectrometers) on yeg, and the error is determindble 3. The equation
three different satellites back to 1979 (Nimbus-7, Me- f the regression lines relating measured and esti-
teor 3 and Earth Probe), with a gap between January mated values exhibit negligible effects of systematic
1995 and September 1996, winter gaps at South Poleqyer or under estimation of the model (b near zero and
and some minor gaps. TOMS instruments on satel- giope near 1)Fig. 2a and show the scatter plots for
lites Nimbus-7 and Meteor 3 show a drift of 0.5% per  measured and estimated daily-integrated and monthly
decade, relative to ground-based Dobson measure-mean values for erythemally weighted irradiance at
ments, while for Earth Probe the drift for July 1996 g0, As a reference, it may be mentioned that

to April 2000 is 1.5%. for well-characterized spectroradiometers, measured
Pyranometer data collected by NOAA/CMDL at

South Pole and Barrow are used for broadband irra-

diance. These pyranometers are of the double domeTable 2

type with a single black detector: and each pyra- RMS error biologically weighted daily-integrated irradiance
nometer was characterized for angular and tempera- (1893-1998)

ture response. The CMDL sensors were selected for DNA (%) Plants (%) Erythema (%)
optimal operation at high latitudedNélson, 200D South Pole 7.49 7.45 4.69
Data is available from January 1976 to December Barrow 15.20 14.13 9.57

1998 (with gaps in 1984 at Barrow and a few minor
gaps). Pyranometers deployed by the NOAA/CMDL Table 3

at these stations were characterized and calibrated atgs error biologically weighted monthly mean daily-integrated
the NOAA/CMDL Solar Radiation Facility in Boul- irradiance (1993-1998)

der Colorado. All calibrations are traceable to abso-

; . 8 . DNA (%) Plants (%) Erythema (%)
lute cavity radiometers, which are in turn traceable to
the World Radiometric Reference (WRR) in Davos, Seuth Pole 3.00 2.86 2.07
Barrow 3.91 3.75 2.95

Switzerland Nelson, 200D
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0.4 Table 4
RMS error 337.5-342.5nm monthly mean and daily-integrated
NE irradiance (1993-1998)
§ 0.3 — / Daily-integrated (%) Monthly mean (%)
= Rl South Pole 331 1.40
= EEA Barrow 8.40 2.59
©o02 Lt
£ 3
=]
J: . 3
E L which show a decrease in the error when inferring
< . i
E 0.1 longer wavelength irradiance from pyranometer mea-
3 y:0.92901x+0.0008 surements.
@ o R”=09905 Monthly mean daily-integrated DNA, plant-
2 ‘ chromosphere and erythemally weighted irradiance
0 0.1 0.2 0.3 0.4

estimated from pyranometer and obtained from spec-
tral measurements SUV-100 are shown Rig. 3.

03 Both datasets exhibit very good agreement at the pe
riod where they overlap. While an increase is clearly
observed since 1987 at South Pole, especially for
) DNA and plant-chromosphere, no significant increase
0.2 - is evident in these graphs at Barrow.

The monthly variation relative to the corresponding

monthly average for years 1979-1981 is computed
for the three biologically weighted irradiances at both

Measured SUV-100 [J/cm’]

Estimated from CMDL [J/cm2]

0.1 sites, and the results are shownFiig. 4. A gradual
y = 0.9994x - 0.0002 increase is observed at South Pole, with a larger value
R’ =0.9979 for DNA and plant-chromosphere weighted irradi-

[ ances. This should be expected as a consequence of
ol 0‘2 03 the larger weighting fact_o.rs of these actio_n spectra at
' : : wavelengths more sensitive to ozone variations. The
Measured SUV100 [J/em’] main peaks are observed at 1987, 1993, and 1997 with
. _ values near 320, 650 and 1200%, in agreement with
Fig. 2. Scatter plot of estimated and measured erythemal low monthly-mean ozone values. Most months show
weighted irradiance for Barrow, for the period 1993-1998 (a) g e L '
Daily-integrated irradiance, (b) monthly mean of daily-integrated @ cONnsiderable positive variation and only a few small

~
=2
~
(=)
(=]

irradiance. negative values are observed. At Barrow, smaller

negative and larger positive values are observed after
erythemal irradiance may show an uncertainty-6f46 1985, with the highest increases after 1990, although
(Bernhard and Seckmeyer, 199@nd for biometers  with values much lower than those at South Pole (near
the uncertainty can be much larg@&a(s et al., 2001 110% versus 1200%). The most affected months are

Irradiance in the band 337.5-342.5 nm can be used October and November at South Pole and March and
as a proxy for clouds@iaz et al., 200 since this April at Barrow, as could be expected in accordance
band is not affected by changes in the ozone column.to ozone depletionFig. 5 shows the variation for
Therefore, irradiances for this band are also estimatedthe above-mentioned months. October shows an in-
following the described procedure, and are included crease similar to that observed for the complete time
in the analysis to evaluate cloud effects. The result- series Fig. 43, while in November an increase is ob-
ing RMS errors for this analysis are shownTiable 4 served from 1979 to 1987 and then increases remain
and they are smaller than the errors computed for about one third to one-fourth of those for October.
the biologically weighted irradiances. This is in good At Barrow, during March, a considerable increment
agreement with previous resultBigz et al., 2008 relative to 1979-1981 is evident since 1987, with an
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Fig. 3. Monthly mean daily-integrated irradiances, 1979-2000. For South Pole: (@) DNA, (b) protein and nucleic acid chromospheres,
(c) erythemal. For Barrow: (d) DNA, (€) protein and nucleic acid chromospheres, (f) erythemal. Irradiances estimated from pyranometer
(diamonds) and obtained from SUV-100 measurements (triangles) show very good agreement, as may be observed in the periods that
overlap. Data for South Pole are available each year from October to March and in Barrow from March to September.

increasing trend, while for April, increases in both
the higher and the lower values occur between 1990
and 1996. This more erratic variation at Barrow isin
accordance with ozone depletion in the Arctic, which
has not been present systematically each year (WMO,
1999). Also, analyzing monthly-mean total column
ozone and 337.5-342.5nm irradiance, there is good
agreement between years when total column ozone
is low and biologically weighted irradiance are high,
while the 337.5-342.5nm band for those years does
not show significant changes relative to other years.

Mean and standard deviation of daily-integrated,
DNA-weighted irradiance and 337.5-342.5nm for
1979-2000 are shown for each Julian Day in Fig. 6.
The mean daily-integrated irradiance for 1979-1981
is aso included for reference. There are severa fea
tures to discuss in these graphs.

(@) Mean7g—g1 DNA weighted irradiance at South
Pole shows values near (Meanyg—000 — 0),
where o is the standard deviation, for all Julian
days. At Barrow it shows more erratic values,
except for the spring where it is most of the
time near the (Mean7g—2000 — o). This more
erratic behavior is, in general, a consequence of
cloudier skies.

(b) At the end of November and beginning of
December (Meanyg—000 + o) DNA weighted
irradiance at South Pole shows values around
50% larger than (Mean;g—000 + o) a the sum-
mer solstice, as a consegquence of low ozone
values produced by the “ozone hol€e’.

(c) Mean7g—g1 DNA weighted irradiance at South
Pole shows dlight increases in the irradiances
during the spring. Thisis consistent with a small
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Fig. 4. Variation in monthly mean daily-integrated irradiances relative to mean 1979-1981 for (a) South Pole, (b) Barrow.

depletion of the total column ozone, which be-
gan to be present at that time (mainly in 1980
and 1981). Larger irradiance values persist-
ing until later in spring (even early December)
are observed for the values of Meanzg—o0o,
which reflect low total column ozone values and
which is consistent with a later break up of the
vortex.

Fig. 7 shows modeled clear sky daily-integrated
irradiance at South Pole for the 337.5-342.5nm
band as a function of Julian Day. The values are
calculated using a disort model with albedo 0.9.
The mean value for 1979-1981 is included in
the same figure for reference. Comparing Fig. 6b
with Fig. 7 it may be concluded that there is a
predominance of clear skies at South Pole. Also,

(€

Fig. 6b shows almost no inter-annual variation
for this parameter. This observation is in agree-
ment with the results obtained in the analysis
of the SUV-100 measured irradiance during the
period 1991-1997 (Diaz et a., 2003). It can be
concluded that al the inter-annual variation in
Fig. 6a can be attributed to ozone variation. The
previous result also suggests that the drift be-
tween the instrument calibrations and the model
is negligible when using the regression coeffi-
cients developed for 1993-1998 to infer values
for the period 1979-2000.

The daily-integrated irradiance 337.5-342.5nm
band at Barrow (Fig. 6d) shows more variability,
in accordance with cloudier skies, and values are
similar to, or lower than values at South Pole,
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®

mainly as a consequence of the smaller num-
ber of daylight hours, and somewhat because of
cloud contributions.

In spite of its latitude, DNA damaging irradi-
ance Meanyg—000 a South Pole during spring
and summer is similar to, or exceeds, the cor-
responding values at Barrow, and (Mean7g—2000
+ o) a South Pole are nearly twice the val-
ues at Barrow. Comparing Meanyg—g; a South
Pole with Mean7g—000 a Barrow, if may be
inferred that the effect is mainly a result of the

ozone depletion, with a smaller contribution
of the number of daylight hours and cloud.

Historical maxima (1979-2000) of daily-integrated
DNA weighted irradiance for Barrow and South
Pole are shown in Fig. 8. Since these two sites are
places with no great interest for the agriculture and
forest community, we added historica maximum
(1992-1997) for San Diego (32°45'N, 117°11'W),
which were obtained from spectra measurements
of the NSF network. Irradiance at San Diego serves
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Fig. 8. Historical maximum of daily-integrated DNA weighted irradiance as a function of Julian Day at South Pole, San Diego, and Barrow
compared to the mean for South Pole.
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aso as areference level for a mid-latitude site where
ozone depletion is mild compared to polar regions.
Meanzg—g; for South Pole is dso included. In this
figure, it is observed that:

(@) Maximum daily-integrated irradiance at the end
of spring at South Pole exhibits values similar to
those during the summer at San Diego. Since the
number of daylight hours at South Pole is almost
twice the number at San Diego in the summer,
instantaneous values would show lower values at
South Pole than at San Diego.

(b) Peak historical maximum irradiances at South
Pole exceed by nearly 70% those obtained for
(Mean7g—000 + o), and are related to low ozone
events (159 Dobson Units) during periods of small
solar zenith angles (Julian day 333, 1998). (Total
column ozone is measured in Dobson Unit (DU),
one Dobson Unit is a height of one millimeter of
pure gaseous ozone at 0°C and 1013 hPa.)

(c) During spring and part of the summer, maximum
values at South Pole exceed those at Barrow, as
pointed out in the analysis of mean values, this
effect is the result of ozone depletion.

4. Conclusions

A multi-regressive model was applied to infer
daily-integrated biologically weighted irradiance from
broadband instrument (pyranometer) measurements,
total column ozone and solar zenith angles, at Bar-
row and South Pole. The model was solved for the
period 1993-1998 for three different action spectra
and a UV-A narrow band (used to analyze the ef-
fect of clouds), with very good agreement between
estimated and measured values (RMS error below
15.20% for daily-integrated values and below 3.91%
for monthly-mean of daily-integrated irradiances).

The biologically weighted irradiances were es-
timated from 1979 to 1998, the gap produced by
the absence of satellite ozone data and the period
1998-2000 was completed with data obtained from
the spectroradiometer SUV-100 (NSF UV Radiation
Monitoring Program).

These reconstructed time series are unique, since
daily-integrated values were obtained from hourly
ground-based measurement of irradiance.

Analyzing daily-integrated values of the resulting
time series an increase in the irradiance relative to
the mean for the period 1979-1981, is observed. The
most-affected months are October and November at
South Pole and March and April at Barrow, consistent
with ozone depletion. The increase is considerably
larger at South Pole (maximum 1200%) than at Barrow
(maximum 110%), as could be expected. In both cases
the observed increase is much larger than the error of
the model and measurements, which makes the results
statistically significant. Peak values of daily-integrated
DNA weighted irradiance at South Pole (90°00'S,
0°00') during late spring are similar to summer values
at San Diego (32°45'N, 117°11'W), as a consequence
of ozone depletion and number of daylight hours.

At South Pole, mean DNA-weighted daily inte-
grated irradiance for the period 1979-1981 shows
values near (Meanyg—000 — o), Where o is the stan-
dard deviation, for al Julian days. A small increase
in the DNA irradiance, consistent with slight ozone
depletion in 1980 and 1981, is observed during spring
in the Meanyg—g; at South Pole. Comparison of time
seriesfor 1979-1981 with 1979-2000 shows larger ir-
radiances during the spring and that these are present
at alater time in this season in the second time series,
which reflects the increase of ozone depletion and
later break up of the vortex.

Analysis of irradiance in the UV-A band (337.5—
342.5nm), used to analyze cloud effect, shows that
the inter-annual variability in this parameter is neg-
ligible at South Pole. This analysis also shows that
there is no significant drift between the instrument
calibrations, nor drift in the irradiance values, as a
conseguence of the model calculations.
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