
Introduction
Ozone in the stratosphere absorbs most of the harm-
ful UV radiation emitted by the sun, however UV
radiation in the wavelength range 290-400 nm is only
partially absorbed before it reaches the Earth's sur-
face. It has been shown that small increases in this
component can have significant effects on human
health and on animals and plants (UNEP 1998). In
Australia skin cancer rates are among the highest in
the world (Staples et al. 1998; AIHW 2001) which is

commonly attributed to its predominantly fair-skinned
population, its outdoor lifestyle and the very high lev-
els of UV radiation resulting from Australia’s geo-
graphical position and its relatively clean and cloud-
less skies. Educational programs by the anti-cancer
councils in Australia, UV measurements by the
Australian Radiation Protection and Nuclear Safety
Agency (ARPANSA) and UV forecasts from the
Bureau of Meteorology are underway to warn people
about the hazards of overexposure to UV radiation and
to alert them to the possible high levels of UV radia-
tion. One result of the ongoing collaboration between
the Cancer Council of Victoria, the Australian Cancer
Society, ARPANSA and the Bureau of Meteorology is
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Successful efforts have been made to raise awareness of the
health hazards of ultraviolet radiation (UV) radiation via educa-
tional programs, measurements and UV forecasts. It is felt that
the use of the UV Index as the standard (WHO 2002) to report
UV radiation levels and an updated Australian UV climatology
will help to further alert people to the levels of UV radiation over
Australia. In this paper clear and cloudy-sky ultraviolet (UV)
radiation for Australia is derived with the Bureau of
Meteorology UV system using total ozone amounts from the
National Aeronautics and Space Administration (NASA) Total
Ozone Mapping Spectrometer (TOMS) datasets (1997-2001) as
input. Seasonal and annual averages of clear-sky UV fluxes
weighted by the erythemal action spectrum and integrated over
the 290-400 nm wavelength interval, daily total erythemal dose
(UV dose) and ozone distributions are presented. Cloudy-sky UV
Index is derived from daily UV measurements, and the monthly
averages of total cloud amounts from the International Satellite
Cloud Climatology Project (ISCCP) D2 datasets (1997-2001).
For several Australian cities the model monthly and seasonal
average of UV Index over the five-year period are presented and
compared with the Australian Radiation Protection and Nuclear
Safety Agency (ARPANSA) measurements and with the opera-
tional clear-sky Bureau of Meteorology UV system, which has
NOAANESDIS TOVS total ozone as input.
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the adoption of the UV Index (Dixon et al. 2002;
WHO 2002). The UV Index is a numerical value with
a descriptive danger category; values below 2 are con-
sidered low, 3 to 5 moderate, 6 to 7 high, 8 to 10 very
high, and above 11 extreme.
To study the possible effects of UV radiation it is

important to know the natural spatial and temporal
variability of surface UV radiation. This depends
strongly on total ozone amount, latitude, season, time
of day, surface albedo, aerosols and clouds. These
variables can be included in computer models to cal-
culate the temporal and spatial distribution of UV
radiation. Paltridge and Barton (1978), using a semi-
empirical parametrisation, derived monthly averages
of UV radiation over Australia. The aim of this paper
is to present monthly, seasonal and annual clear and
cloudy-sky UV Index distributions derived from the
Bureau of Meteorology UV system (Lemus-
Deschamps et al. 1999) using total ozone amounts
from the TOMS (Herman et al. 1999) and the
International Satellite Cloud Climatology Project
(ISCCP) 1997-2001 datasets (Rossow and Schiffer
1991). These will be denoted in this work
TOMS/CLEAR and TOMS/CLOUDY respectively.
This approach has the advantage that physical
processes are included in the UV system and that
unbroken records of high quality global data are used.
Monthly and seasonal averages for several Australian
cities are also presented and compared with the
ARPANSA UV measurements (Roy et al. 1997; Gies
et al. 2004) and with the clear-sky operational Bureau
of Meteorology UV system. In the operational Bureau
of Meteorology UV system, denoted here as
TOVS/CLEAR, assimilation of National Oceanic and
Atmospheric Administration/National Environmental
Satellite, Data and Information Service (NOAA/NES-
DIS) TIROS Operational Vertical Sounder (TOVS)
total ozone amounts is performed and ozone forecasts
are produced (Atkinson et al. 1997).

Monthly, seasonal and annual averages
of UV Index, UV dose and ozone
The UV measurements were performed with Solar
Light UVBiometers Model 501 that are part of the
ARPANSA UV radiation network. Each sensor’s cal-
ibration is provided by the manufacturer and checked
by ARPANSA using simultaneous measurements of
solar UV radiation made with a Spex double mono-
chromator spectroradiometer based at Melbourne
(Gies et al. 2004).
Global monthly clear-sky UV radiation averages

are calculated for local solar noon with the Bureau of
Meteorology UV system for the period 1997-2001.

The radiation scheme in the system calculates the
clear-sky UV irradiance weighted by the erythemal
action spectrum from the Commision Internationale
d'Eclairage (1987) (CIE) over 290-400 nm. This is
known as the ‘erythemal dose-rate’ , usually given in
terms of standard UV Index units where one UV
Index unit is equal to 25 mW/m2 (WMO 1995).
Inputs to the Bureau of Meteorology UV system

are the noontime meteorological fields from the
Bureau of Meteorology’s operational global numeri-
cal weather forecast model GASP (Seaman et al.
1995). Latitude, day of the year and time of the solar
day are used to determine the Sun-Earth distance and
the solar zenith angle. Solar irradiance (Woods et al.
1996), ozone cross-sections (Molina and Molina
1986), Rayleigh scattering (from Hansen and Trevisy
in Teillet (1990)) and surface elevation (given by the
model pressure coordinates) are taken into account in
the system. Aerosols are included following a similar
approach to the one used in the UVSPEC model
(Killyng and Seckmeyer 1998) and the monthly aver-
age broadband UV surface albedos from TOMS
(Herman and Celarier 1997) are used. Desert, season-
al vegetation changes and snow are all included in the
UV surface albedo datasets. For this work, the ozone
analysis and forecast scheme was replaced with
NASA TOMS’s monthly averages (1997-2001) of
total column ozone amount, interpolated to a
2.3°x1.3° grid.
From the global monthly averages over the five-

year period 1997-2001, seasonal and annual averages
of clear-sky (TOMS/CLEAR) UV Index and UV dose
are derived. Seasonal and annual distributions as well
as monthly averages for seven cities will also be pre-
sented for cloudless conditions over the five-year
period. A later section will present similar statistics
but for cloudy conditions (denoted as
TOMS/CLOUDY). Depletion by clouds, to be
described in a later section, was calculated by esti-
mating transmission factors between clear-sky model
and measured data.

Clear sky
The global clear-sky UV Index, clear-sky UV dose
and ozone seasonal averages are calculated for spring
(September, October, November (SON)), summer
(December, January, February (DJF)), autumn
(March, April, May (MAM)) and winter (June, July,
August (JJA)) over the period 1997-2001. From the
global fields the Australian geographical distributions
are extracted and presented in Fig. 1 as
(TOMS/CLEAR). The annual clear-sky UV Index
and UV dose average are also shown in Fig. 2.
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Fig. 1(a) Summer (DJF) (left) and autumn (MAM) (right) averages (1997-2001) of; clear-sky UV Index (one unit contour
interval, top) derived with the Bureau of Meteorology UV system using TOMS total ozone (TOMS/CLEAR),
ozone averages derived from TOMS (5DU contour interval, centre) and daily total UV dose (TOMS/CLEAR)
(0.5 kJ/m2 contour interval, bottom) for Australia.
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Fig. 1(b) Winter (JJA) (left) and spring (SON) (right) averages (1997-2001) of; clear-sky UV Index (one unit contour
interval, top) derived with the Bureau of Meteorology UV system using TOMS total ozone (TOMS/CLEAR),
ozone averages derived from TOMS (5DU contour interval, centre) and daily total UV dose (TOMS/CLEAR)
(0.5 kJ/m2 contour interval, bottom) for Australia.



For all seasons, the clear-sky UV radiation and
daily total UV dose decrease towards high latitudes
(Fig. 1). This is due to increases in both the total
ozone amount and the solar zenith angle. There is lit-
tle seasonal variation in UV and ozone in the tropics.
However, over the subtropics and middle latitudes,
clear-sky UV Index and daily UV dose changes are
consistent with changes in the seasonal solar zenith
angle and total ozone amounts. As the solar zenith
angle increases, from summer to winter, the atmos-
pheric path length through which the UV radiation
travels increases. At the same time, the total ozone
amounts increase as a result of the Dobson-Brewer
(DB) circulation (Holton et al. 1995). In other words,
upwelling in the tropics transports air into the strato-
sphere where the DB circulation distributes this
ozone-enhanced air to high latitudes and polar
regions, leading to high concentrations of ozone in the
polar lower stratosphere where its photochemical life-
time is long. Total column ozone amount is a mini-
mum in the tropics and maximum at higher latitudes,
while corresponding maximum UV radiation levels
are maximum in the tropics and decrease to a mini-
mum towards the poles.
As a result of increasing atmospheric path length

and ozone from summer to winter, the largest clear-sky
(TOMS/CLEAR) UV Index and UV dose values (Fig.
1) are observed from Spring (SON) to Summer (DJF)
decreasing steadily from Autumn (MAM) to Winter
(JJA). The clear-sky UV and UV dose reach their max-
imum values during summer when the solar zenith
angle is smallest and the atmospheric scattering and
absorption of UV radiation is small (i.e. small atmos-
pheric paths compared with winter situations). At this
time of the year surface UV albedos are also relatively
higher than in winter, with the exception of the snow-
fields in the eastern ranges. However, due to the model
resolution, the impact of the snowfields is not seen.
Ozone reaches its maximum values during spring

as a result of the DB circulation (Holton et al. 1995),
while the UV radiation reaches its maximum values
(about 15 UV Index units and about 8 kJ/m2 UV dose)
during summer when the solar zenith angle is small-
est (the sun is highest in the sky) and the ozone values
are small. Very high radiation values (15 UV Index
units) are seen in the northwest ofAustralia. The max-
imum noon values over this region are not clearly
seen in the daily total UV dose distribution since it
represents the integral of UV over the day.
As the surface elevation increases, the atmos-

pheric path decreases (absorption and scattering of
UV radiation decreases), resulting in UV increases.
The effect of elevation in increasing surface UV
radiation can be seen to a certain extent over New
Guinea and in the eastern part of Australia over the
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Fig. 2 Annual average (1997-2001) of clear-sky UV
Index (TOMS/CLEAR) (one unit contour
interval, top), ozone derived from TOMS
(10DU contour interval, middle) and erythe-
mal UV daily dose (TOMS/CLEAR) (0.5
kJ/m2 contour interval, bottom) for Australia.



ranges. Over New Guinea, during spring and sum-
mer, extreme UV radiation values (about 14 and
15.4 UV Index units respectively) are obtained.
Large annual averages are also observed (Fig. 2)
however the summer UV values are higher than the
annual averages by about 4 UV Index units and
about 2 kJ/m2 daily total UV dose values.
The winter (JJA) values decrease from about 10 in

the north of Australia to about to 2 UV Index units in
the south. UV Index values below 3 units are consid-
ered moderate and low, larger than 10 very high.
Hence the UV Index levels for the north of Australia,
from summer to winter, are always within the very
high to extreme category. The annual clear-sky UV
Index values over Australia range from high to
extreme from the south to the north of the country.
Annual ozone values range from 255 to 340 Dobson
Units (DU) and daily total UV dose from 7 to 2.5
kJ/m2, from north to south.
From the global monthly averages over the period

1997-2001 the clear-sky UV Index for several
Australian cities (Hobart, Melbourne, Adelaide,
Sydney, Perth, Brisbane and Darwin) was extracted
and presented in Fig. 3 as TOMS/CLEAR. Also
included are the UV Index measurements from
ARPANSA (1997-2000) and the clear-sky UV Index
from the operational UV system (in which TOVS
total ozone are used) denoted as TOVS/CLEAR. The
results show that the annual cycle follows, as men-
tioned above, the increase from spring to summer and
the decrease from summer to winter. At a given loca-
tion the maximum surface clear-sky UV radiation
occurs when the solar zenith angle is smallest (the
atmospheric optical path through which radiation
travels is shortest) and when the total ozone amounts
are the lowest. Large UV Index values are observed
from September to February decreasing towards July.
Note that the annual UV cycle is the inverse to the
ozone cycle (not shown here).
For most of the cities, maximum values are

reached in January and the lowest values in June, with
the larger values in the tropics, decreasing in general,
towards high latitudes. In general, the model clear-sky
UV (TOMS/CLEAR and TOVS/CLEAR) agree well
with the measurements. However, during summer,
differences up to about 2 UV Index units are
observed. For Darwin the sun is directly overhead
twice a year resulting in November and January clear-
sky UV Index values larger than the December values
and reaching a maximum in February. The pairs of
stations Perth and Brisbane, and Adelaide and
Sydney, respectively show very similar monthly aver-
ages throughout the year despite their difference in
latitude. This is mainly due to the longitudinal varia-
tion of the total ozone amounts through the year.

The summer clear-sky UV Index (TOMS/CLEAR)
gives lower values than the clear-sky UV Index
(TOVS/CLEAR), particularly for Sydney. This may
be an indication that the total ozone amounts from
TOMS are higher than the total ozone amount from
TOVS for that season. The differences between model
and observations may be due to the effects of obser-
vational uncertainty (about 10 to 15 per cent, Roy et
al. (1997)), model uncertainty (10 per cent), total
ozone amount underestimations, aerosols and clouds.
Cloudy-sky UV Index was also included in Fig. 3,

but it will be discussed in the next section after the
seasonal cloudy-sky results.

Cloudy sky
From more than four thousand measurements from
the ARPANSA UV radiation network and total
cloud amounts from the Bureau of Meteorology
observations over the same cites during the five-
year period, the measured UV Index as a fraction of
the corresponding clear-sky UV Index was plotted
as a function of the observed total cloud amount in
Fig. 4. This procedure is similar to that used for a
single station over a year by Paltridge and Barton
(1978). The reduction of UV Index due to the pres-
ence of clouds is termed the cloud transmission fac-
tor (CTF) and is given in this case by the semi-
empirical relationship shown by the solid curve in
Fig. 4. Other authors such as Estupinan et al. (1996)
have used similar relationships. The high values of
CTF for cloud cover up to six oktas are mainly due
to scattering from the cloud edges that can increase
the amount of UV at the surface by as much as 27
per cent (Estupinan et al. 1996). The high CTF val-
ues for cloud amounts from 6 to 8 oktas may be
related to the presence of thin cirrus clouds during
the measurements. The large spread in CTF values
is also partly due to the Bureau of Meteorology
cloud and ARPANSA UV measurements not being
taken simultaneously and the observational sites
being in different locations in each city.
Monthly averages of cloudy-sky UV Index and

UV dose distributions for Australia are derived using
the CTF described above and the ISCCP total month-
ly cloud amount observations over the five-year peri-
od. The CTF are applied to the clear-sky UV Index
and UV dose to obtain the corresponding cloudy-sky
UV Index and UV dose for the monthly ISCCP cloud
observations. The clear-sky UV Index used in this
section is the one obtained with the UV system using
the total ozone amounts from TOMS. From the
monthly averages, seasonal and annual averages are
derived for Australia (Fig. 5).
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When the cloudy-sky UV Index, denoted as
TOMS/CLOUDY in Fig. 5, is compared with the
clear-sky UV Index (TOMS/CLEAR) values of the
previous section (Fig. 1), the impact of the monsoon
during summer (DJF) is seen in the lower CTFs and
the reduction of UV Index to the north of Australia
(Fig. 5). The CTFs obtained in this work agree well
with the ISCCP total cloud distribution (not present-
ed here) over Australia. Clear-sky conditions or high
CTFs are obtained for central and western Australia
(mostly over the desert region) with correspondingly
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Fig. 3 Monthly averages of clear and cloudy-sky UV Index derived with the UV system using TOMS total ozone data (denot-
ed as TOMS/CLEAR and TOMS/CLOUDY), clear-sky UV Index from the operational UV system with TOVS total
ozone (denoted as operational TOVS/CLEAR), and ARPANSAUV Index measurements (denoted as ARPANSA) for
Australian cities (a) Hobart (b) Melbourne (c) Adelaide (d) Sydney (e) Perth (f) Brisbane and (g) Darwin.

(a)

(b)

(c)

(d)

(e)

(f)

(g)



high UV Index values over this region. Overall
reductions of about one to two UV Index units are
obtained for this season. During autumn (MAM)
high CTFs are obtained for central Australia,
decreasing as cloud increases towards the south, with
a consequent reduction in UV Index. During winter
(JJA) when large cloud amounts persist over south-
ern Australia, low CTFs and a reduction of about one
UV Index unit are observed, when compared with
autumn (MAM). During spring, cloud over New
Guinea increases and a reduction of about 3 UV
Index units is found when compared with summer.
Clear-skies are more common in the north and north-
west and central Australia with correspondingly high
CTFs and UV Index values. To the south, Tasmania
shows lower CTFs and a reduction of about 4 UV
Index units from summer to spring.
From the monthly cloudy-sky UV Index distribu-

tions the cloudy-sky UV Index for several cities was
extracted and was included in Fig. 3 as
(TOMS/CLOUDY). In general, the cloudy-sky UV
Index (TOMS/CLOUDY) is close to the ARPANSA
UV Index measurements, with the exception of Perth,
where clear and cloudy-sky UV Index reached similar
levels, particularly during summer. This indicates that

mostly clear-skies are seen by ISCCP for Perth during
summer over the period 1997-2001. Adelaide,
Melbourne and Sydney cloudy-sky UV levels agree
well with the ARPANSA measurements, with the
largest differences in February for Melbourne (about
1 UV Index unit), and in January for Sydney (about
1.5 UV Index units). Brisbane shows the impact of the
monsoon season with cloudy-sky UV levels agreeing
well with the measurements, with the exception of
January. The Darwin monsoon season is well repre-
sented by the ISCCP cloud and results in considerably
lower levels of UV Index for this time of the year. The
cloudy-sky UV Index for Darwin is lower than the
ARPANSAmeasurements by about 3 UV Index units.
This may be a consequence of the use of monthly
average cloud in the model instead of the hourly-inte-
grated cloud inherent in the measurements. It could
also be related to the aerosols assumed in the model
and to a larger measurement uncertainty for this site.
Hobart cloudy-sky UV levels are considerably lower
than clear-sky from October to March, and lower than
for any of the other cites; cloudy-skies are more com-
mon in this region, resulting in less UV radiation
reaching the surface.
The seasonal (DJF, MAM, JJA, SON) and annual

averages of model clear and cloudy-sky UV Index,
using the total ozone from TOMS (TOMS/CLEAR
and TOMS/CLOUDY) for several Australian cities
are presented in Table 1.Also shown in Table 1 are the
corresponding ARPANSA averages for all cities,
except Hobart which does not have an ARPANSA
observing site.
The UV Index values (Table 1) show the latitudi-

nal dependence (solar zenith angle dependence) with
the lowest values occurring in Hobart and the high-
est values in Brisbane and Darwin. Perth experi-
ences high values due to the large number of clear-
sky days during summer. For all stations the model
clear-sky UV Index values are, as expected, always
higher than the observations, while the cloudy-sky
UV Index values show better agreement with the
ARPANSA measurements. This is an indication that
the ISCCP cloud cover and the derived cloudy-sky
UV Index reflect the mean cloudy conditions during
the corresponding season.
The largest differences between model cloudy-

sky UV Index and observations are found during
summer (DJF) for Perth, Brisbane and Darwin. For
Perth and Brisbane the model cloudy-sky UV Index
levels are higher than the measurements. As men-
tioned above, this could be due to the use of month-
ly mean cloud, which ignores the diurnal cycle, and
to the representation of aerosols in the model. In the
case of Brisbane the summer (DJF) difference is
within the expected 10 per cent. However, for
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Fig. 4 Reduction of measured ARPANSA UV radia-
tion (Cloud Transmission Factor, CTF) as a
function of Bureau of Meteorology observed
total cloud amount. The solid line represents
the fitted curve.



Darwin in the summer (monsoon) season, the differ-
ences are larger, and in the opposite sense, with the
cloudy-sky UV Index values being significantly
lower than the observed values. As mentioned
above, this suggests that the Darwin summer meas-
urements were performed predominantly during
clearer sky conditions than those assumed for the
cloudy-sky computations. Another point that has to
be taken into account is that the model average val-
ues correspond to a model grid-point.
For all other seasons and stations the model

cloudy-sky results are within 10 per cent of the meas-
urements. The model cloudy-sky annual averages also
agree well with the observed annual averages, being
generally within the 10 per cent uncertainty.

Summary
Seasonal averages of clear-sky UV Index and UV
dose over Australia have been obtained with the
radiation scheme from the Bureau of Meteorology
UV system using the monthly averages of total
ozone amount from TOMS (1997-2001) datasets.
The results have been compared with ARPANSA
measurements and with the Bureau of Meteorology
operational UV system in which the total ozone
amount is obtained from TOVS satellite observa-
tions. The global seasonal and annual geographical
distributions of surface UV radiation for Australia
have been obtained from the calculated monthly
global distributions. The surface clear-sky UV radi-
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Fig. 5(a) Summer (DJF) (left) and autumn (MAM) (right) of cloudy-sky UV Index (bottom), derived with the Bureau of
Meteorology UV system (TOMS/CLOUDY) using TOMS total ozone averages and cloud amounts from ISCCP
(1997-2001), and cloud transmission factors CTFs (top).



ation distributions presented here illustrate how the
clear-sky radiation varies from one region to anoth-
er over Australia in response to both changing solar
zenith angle and ozone. The impact of the longitu-
dinal ozone distribution and the desert regions of
central and western parts of Australia are apparent,
to a certain extent, in the higher UV radiation val-
ues during summer.
The cloud impact on surface UV radiation has

been derived using the ARPANSA UV measure-
ments and the Bureau of Meteorology total cloud
observations for the major cities of Australia during
a five-year period. The global cloudy-sky UV distri-
butions were derived from the Bureau of

Meteorology UV system using the TOMS ozone and
the total cloud cover from ISCCP (1997-2001)
datasets. The seasonal geographical distributions
presented in this paper were found to reflect well the
ISCCP total cloud and a detailed analysis of this will
be presented in a future paper. From the global
monthly averages of cloudy-sky UV Index the sea-
sonal distribution for Australia was extracted and the
UV Index levels for several Australian cities pre-
sented. The results show that model and measure-
ments are in good agreement. The largest differences
found were for Darwin during the monsoon season.
Of course the monthly, seasonal and annual means
do not show the strong day to day ozone and UV
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Fig. 5(b) Winter (JJA) (left) and spring (SON) (right) of cloudy-sky UV Index (bottom), derived with the Bureau of
Meteorology UV system (TOMS/CLOUDY) using TOMS total ozone averages and cloud amounts from ISCCP
(1997-2001), and cloud transmission factors CTFs (top).



Index variability. The results do show that geo-
graphical position and variability in ozone and cloud
amount have a significant influence on the UV dis-
tribution. The representation of cloud effects, using
interactive cloud optical properties in the Bureau of
Meteorology UV system, is under development and
the results will be presented in a future paper.
Several agencies play an important role in alerting

the public of the dangers of exposure to UV radiation.
The Cancer Council of Victoria has promoted the UV
Index, and both ARPANSA and the Bureau of
Meteorology collaborate in the interchange of model
and measured UV data. It is hoped that the results pre-
sented here will help to provide further information
about the character and climatology of UV radiation
in Australia.

Lemus-Deschamps et al.: UV Index and dose distributions for Australia 249

Table 1. Seasonal and annual averages of model clear-sky (TOMS/CLEAR) and cloudy-sky (TOMS/CLOUDY) UV
Index and ARPANSA measurements for the period 1997-2001 for Australian cities Hobart, Melbourne,
Adelaide, Sydney, Perth, Brisbane and Darwin.

Hobart (46.6°S,147°W) Model clear-sky Model cloudy-sky ARPANSA
DJF 10.1 7.6
MAM 3.9 2.8
JJA 1.8 1.2
SON 6.1 4.4
ANNUAL 5.5 4.0
Melbourne (37.5°S,144°W)
DJF 11.3 9.6 9.1
MAM 5.1 4.5 4.4
JJA 2.7 2.1 1.9
SON 7.4 6.2 5.9
ANNUAL 6.6 5.6 5.3
Adelaide (34.6°S,138vW)
DJF 11.8 10.6 10.5
MAM 5.7 5.1 5.2
JJA 3.1 2.5 2.6
SON 7.9 6.9 7.0
ANNUAL 7.1 6.3 6.3
Sydney (33.5°S,151°W)
DJF 11.8 10.3 9.9
MAM 5.9 5.1 5.3
JJA 3.3 2.6 2.7
SON 8.2 6.9 7.0
ANNUAL 7.3 6.2 6.2
Perth (31.6°S,115°W)
DJF 12.5 12.7 10.9
MAM 6.5 6.3 5.8
JJA 3.9 3.3 3.3
SON 8.7 8.3 8.0
ANNUAL 7.9 7.6 7.0
Brisbane (27.3°S,153°W)
DJF 13.1 12.2 11.0
MAM 7.7 7.2 7.0
JJA 5.0 4.4 4.4
SON 9.9 9.0 8.9
ANNUAL 8.9 8.2 7.8
Darwin (12.2°S,130°W)
DJF 14.1 8.9 11.3
MAM 11.3 10.4 10.2
JJA 9.2 9.2 8.7
SON 12.9 12.4 11.4
ANNUAL 11.9 10.2 10.4



Acknowledgments
The TOMS datasets were obtained from the NASA
TOMS website (http://toms.gsfc.nasa.gov), and the
total cloud amounts via ftp from ISCCP datasets
(http://isccp.giss.nasa.gov/products/onlineData.html).
We would like to thank the reviewers of this paper for
their valuable comments and suggestions. In particu-
lar we thank R. Atkinson for his valuable comments.

References
Atkinson, R., Grainger, S. and Udelhofen, P.M. 1997. A scheme for

the routine analysis and deterministic prediction of the global
total ozone distribution. In Proceedings of AMS International
Conference on the Meteorology of the Southern Hemisphere,
Pretoria, South Africa.

Australian Institute of Health and Welfare (AIHW) and Australasian
Association of Cancer Registries (AACR) 2001. Cancer in
Australia 1998. AIHW, Canberra, Australia.

Commision Internationale d’Eclairage 1987. A reference action spec-
trum for ultraviolet induced erythema in human skin. C.I.E.
Journal, 6, 17-22.

Dixon, H., Lemus-Deschamps, L. and Gies, P. 2002. Meteorology
meets public health: UV forecasts and reports for sun safety.
Health Promotion Journal of Australia, 13, 252.

Estupinan, J.G., Raman, S., Crescenti, G.H., Streicher, J.J. and
Barnard, W.F. 1996. Effects of clouds and haze on UV-B radia-
tion. J. geophys. Res., 101, 16,807-16.

Gies, P., Roy C., Javorniczky S., Lemus-Deschamps, L. and Driscoll,
C. 2004. Global solar UV Index: Australian measurements, fore-
casts and comparison with the UK. Photochem. Photobiol, 79,
32-9.

Herman, J.R., Krotkov, N., Celarier, E.A, Larko, D. and Labow, G.
1999. Distribution of UV radiation at the Earth’s surface from
TOMS-measurements UV backscattered radiances. J. geophys.
Res., 104, 12,059-76 (http://toms.gsfc.nasa.gov).

Herman, J.R. and Celarier, E.A. 1997. Earth surface reflectivity cli-
matology at 340-380nm from TOMS data. J. geophys. Res., 102,
28,003-11.

Holton, J.R., Haynes, P.H., McIntyre, M.E., Douglas, A.R., Rood, B.
and Pfister, L. 1995. Stratospheric-troposphere exchange. Rev.
Geophys., 33, 403-39.

Killyng,A. and Seckmeyer, G. 1998. Libradtran, Library for radiative
transfer calculations, Edition 1. For libRadtran Version 0.4.

Lemus-Deschamps, L., Rikus, L. and Gies, P. 1999. The operational
Australian ultraviolet index forecast 1997. Meteorol. Appl., 6,
241-51.

Molina, L.T. and Molina, M.J. 1986. Absolute absorption cross sec-
tions of ozone in the 185-350 nm wavelength range. J. geophys.
Res., 91, No. D13, 14,501-08.

Paltridge, G.W. and Barton I.J. 1978. Erythemal ultraviolet radiation
distribution over Australia – calculations, detailed results and
input data. CSIRO Div. of Atmos. Phys., Melbourne, Victoria.
Tech. Pap., No. 33, 48pp.

Rossow, W.B. and Schiffer, R.A. 1991. ISCCP cloud data products.
Bull. Am. Met. Soc., 72, 2-20 (http://isccp.giss.nasa.gov/prod-
ucts/onlineData.html).

Roy, C.R., Gies, H.P. and Toomey, S. 1997. Monitoring UV-B at the
Earth’s surface. Aust. Met. Mag., 46, 203-10.

Seaman, R., Bourke, W., Steinle, P., Hart, T., Embery, G., Naughton,
M. and Rikus, L. 1995. Evolution of the Bureau of Meteorology’s
Global Assimilation and Prediction system. Part1: analysis and
initialisation. Aust. Met. Mag., 44, 1-18.

Staples, M., Marks, R. and Giles, G.G. 1998. Trends in the incidence
of NMSC treated inAustralia 1985 – 1995:Are primary prevention
programs starting to have an effect? Int. J. Cancer, 78, 144-8.

Teillet, P.M. 1990. Rayleigh optical depth comparison from various
sources. Appl. Opt., 29, 1987-00.

United Nations Environmental Program (UNEP) 1998.
Environmental effects of ozone depletion: 1988 Assessment,
UNEP, Nairobi, Kenya, 205pp.

World Meteorological Organization (WMO) 1995. Panel report of
the WMO Meeting of Experts on UV-B Measurements, Data
Quality and Standardisation of UV Indices, WMO/TD No. 625,
World Meteorological Organization, Geneva. WMO, 1998:
Antarctic Ozone Bulletin #11/98 issued on 16 December 1998.

Woods, T.N., Prinz, D.K., Rottman, G.J., London, J., Crane, P.C.,
Cebula, R.P., Hilseranth, E., Brueckner, G.E., Andrews, M.D.,
White, O.R., VanHoosier, M.E., Floyd, L.E., Herring, L.C.,
Knapp, B.G., Pankratz, C.K. and Reiser, P.A. 1996. Validation of
the UARS solar ultraviolet irradiances: Comparison with Atlas 1
and 2 measurements. J. geophys. Res., 101, 9,541-69.

World Health Organisation (WHO) 2002. Global Solar UV Index, A
practical Guide. Fact Sheet 271. http://www.who.int/mediacen-
tre/factsheet/who271/en/index.html.

250 Australian Meteorological Magazine 53:4 December 2004


