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1.

OPENING OF THE MEETING

1.1
The representative of the World Meteorological Organization, Liisa Jalkanen,
opened the meeting and welcomed all participants on behalf of the Secretary-General
Professor G.O.P. Obasi. Ms Jalkanen reminded the participants of the previous meeting
on UV Indices, held in the summer of 1994 in Les Diablerets. At that meeting the first
attempt to harmonize the UV Index was made and the current definition ofUV Index was
decided upon. The World Health Organization representative, Michael Repacholi,
welcomed the participants on behalf of WHO and noted the importance of collaboration
on UV Index between WHO, WMO and ICNIRP. David Sliney welcomed the group of
experts on behalf of Jtirgen Bemhardt, the chair ofthe International Commission on NonIonizing Radiation Protection, ICNIRP. The Global Solar UV Index booklet was
published by ICNIRP as a joint recommendation of WHO, WMO, UNEP and ICNIRP
after the 1994 Les Diablerets meeting.
1.2
Experts have reported that human exposure to UV radiation has dramatically
increased in the latter half of this century. This is mainly due to the change in the sun
habits of people: more of the human skin is subject to ultraviolet (UV) radiation and a
"good" tan became desirable. Also, the stratospheric ozone decline is contributing to the
increase of UV radiation reaching the human population. This ozone decline during the
past 25 years has been well documented (see WMO Ozone Reports 18, 20, 25). As a
result of the increased exposure, the number of diagnoses of melanoma and
nonmelanoma skin cancers, as well as cataracts, has risen markedly since 1980.
Relationships between UV radiation and biological effects on humans, animals and plants
continue to be established (WHO Report No. 160). The first education campaigns on the
hazards of overexposure to UV radiation were started in Queensland, Australia in the
1980's. Other countries have joined in and consequently a number of nationally
sponsored UV stations or networks have been put into operation and also diagnostic
and/or predictive levels of UV -B reaching the ground have been initiated. One of the
goals of the Les Diablerets meeting was to harmonize the various UV indices that were
in use and to this end guidelines for index calculation for worldwide use were prepared.
1.3
When establishing a UV programme, most countries wish to achieve one or more
of the following objectives:
to develop a UV climatology;
to understand the cause-effect relationship between factors that influence
UV levels;
to develop a reliable data base ofUV observations to evaluate trends;
to increase public awareness of UV changes and potential effects of UV.

2.

MEETING ARRANGEMENTS

2.1
The Meeting structure comprised individual presentations on three broad themes
over the first three days, followed by working group sessions and a plenary discussion
on the final day. The broad themes of the UV issue under consideration were:

i)
ii)
iii)

Measurements, Modelling and Quality Control;
UV Index Programmes; and
Effectiveness of Indices and Dissemination to the Public.
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2.2
The Agenda, as agreed, can be found in Annex A. Annex B contains the detailed
meeting programme. A list of participants is in Annex C.

3.

MEASUREMENTS, MODELLING AND QUALITY CONTROL
Measurements and modelling

3.1
UV Index can be provided as past record, nowcast or forecast. In order to achieve
information on UV Index we need measurements, models and validation procedures. To
a large extent, the goals of any given UV monitoring network will determine the key
aspects of the programme, for example, type of instrumentation, selection of sites for
observing stations, observing methods and frequency of observations, and mechanisms
for calibration. From the international standpoint, it is important that individual networks
coordinate their methods of observation and calibrations in order to determine the global
UV climatology and trends. In this regard, following up on a proposal made at a WMO
meeting of experts on UV -B measurements held in 1994 (GAW Report No. 95), an
international Scientific Steering Committee on UV has been established, under the
auspices ofWMO, to guide, amongst others, harmonization ofUV measurements.
3.2
With respect to the accuracy of measurements for providing UV indices, the
Meeting stated that it is not as demanding as for research purposes. Spectrally-resolved
measurements are required in more specific research applications and for model
validation. Nevertheless, if properly maintained with an ·appropriate quality
control/assurance programme, broad-band meters and multi-filter instruments can be used
for establishing a climatology of the UV Index. The Meeting noted, however, that all data
must be qualified (uncertainties specified).
3.3
In this regard, accuracies plus or minus 15% should be achievable (or less than
one index point for indices lower than 5). Future improvements to the plus or minus 10%
level or better are desirable and should be targeted.
3.4
Instruments for measuring UV will be described in the WMO/GAW publication
"Instruments to Measure Solar Ultraviolet Radiation". Guidelines for site quality control
are given in the W.MO/GA W publication "Guidelines for Site Quality Control of UV
Monitoring". Each group providing UV Index measurements should have procedures for
maintaining instrument calibration according to these documents. The UMAP-WMO
"Workshop on Broadband UV Radiometers" report also provides further guidance on
instrument calibration. The Meeting urged that these documents be finalized and made
available to the wider scientific community as soon as possible.
3.5
Several groups have reported large changes in the sensitivity of broad-band
meters currently in use. These changes can be great enough to compromise the utility of
the UV Index. Therefore, the Meeting strongly advised manufacturers to investigate ways
to improve their long term stability and degradation. Also, any ~nstrumental changes
made by the manufacturers should be made very clear.
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3.6
The Meeting then turned to modelling aspects of UV. Although model
calculations are required for UV forecasting, these modelling requirements are not as
high as those needed for research projects.
3. 7
The Meeting stated that while there may be some advantages to using a standard
model for global forecasts ofUV Index, in reality, different countries may want to use
their own methods. In this case, cross calibrations of models are required. This can be
facilitated by the use of web site links, some ofwhich are already existing.
3.8
The single most difficult and important issue for modelling/forecasting UV levels
concerns clouds. Clouds are problematic for a number of reasons:
a)

It is difficult to forecast the type and/or amount;

b)

Clouds can increase as well as decrease UV irradiances;

c)

This increase/decrease often depends upon whether the sun is obscured or not.
This is very difficult to predict. Scattered cloud is the most difficult to model;

d)

More basic research is needed to understand the cloud characteristics which are
most important for determining their effect on UV radiative transfer (cloud optical
depth?, cloud amount?, opacity?), and how to determine these characteristics.

3.9
In addition to clouds, the Meeting considered that ground level ozone and urban
pollution need to be addressed for modelling/forecasting. These can also have significant
influence on incident UV.
3.10 The Meeting questioned the need for large measurement networks if, (given
enough information) models work well. Although ozone data is available from satellites,
additional cloud and aerosol information are needed. A few good measurement sites
could be used to improve models. Some participants pointed out the need for local
measurements at the subgrid scale, as well as model outputs for large scale climatology.
Measurements and models are both needed.
3.11 To aid in radiative transfer modelling of cloud the Meeting identified the need for
a systematic study of the effect of cloud configurations on UV, utilizing empirical
studies, combined with 3D modelling.
Quality Control (QC)

3.12 The discussion of QC was based on the draft WMO/GA W "Guidelines for Site
Quality Control of UV Monitoring" presented to the Meeting. The need for such a
document was recognized and well supported. The guidelines, when in final form, should
be made widely available to all relevant groups.
3.13 The level of QC required for entry to the World Ultraviolet Data Centre (WUDC),
operated on behalf of the World Meteorological Organization by the Atmospheric
Environment Service in Toronto, was questioned from opposing positions: that
unqualified data may be made available through the database, and that too great a demand
for QC procedures would deter inexperienced or less well equipped sites from submitting

- 3 -

data. It was stressed that all data are acceptable to the WUDC so long as a minimum of
additional information is provided. There are sufficient options within the QC guidelines
to allow preliminary QC using only basic information (for example from instrument
manufacturers), and this should not deter the inexperienced. As QC facilities improve,
the quality of information can be updated; large uncertainties in data are perfectly
acceptable as long as they are stated. The uncertainty estimate resulting from QC
procedures would be flagged to indicate to the data user the level at which QC has been
performed (e.g. typical or actual instrument characteristics).
3.14 The subject of QC within the database and feedback to the instrument operators
was also raised. The incoming data to the database would be subject to some QC
procedures, and flagged accordingly. The Meeting was informed that additional details
of this will be available shortly in a document detailing data submission and protocols.
It was noted that data, once submitted, may be revised. Data may also be submitted in
any format, for example, if it has been prepared for the SUVDAMA or Surface Radiation
Budget Network database it may be submitted to WUDC without change. The
submission procedures and subsequent levels of access to the data should be discussed
with WUDC. The details will be made available to operators in a separate document.
Prior to that time, operators were welcome to contact WUDC (see Annex H). The
Meeting urged operators to submit all their data to the WUDC if they had not already
done so.
3.15 The Meeting identified the need to establish regional calibration centres as a
necessary part of QA/QC procedures. These centres could undertake to develop and
conduct calibration methods applicable across the range of instruments currently in use
as well as new types as they become available.

Recommendations
3.16

The Meeting recommended that:

a)

The QA/QC procedures as defined in the WMO/GAW guidelines document
currently under review should be adopted by the providers of UV Index
information.

b)

Calibration centres should be established as independent facilities as soon as
possible.

c)

Manufacturers should investigate ways to improve the long term stability and
degradation ofUV instruments.

d)

More satellite ozone column data (e.g., from GOME, TOMS) should be made
available in near-real time.

e)

Representative aerosol information should be made available for each forecast
region and season as an input to model calculations. In the absence of specific
measurements, use could be made of Standard Solar Radiation Atmospheres
which are now available on a regional basis from WMO.
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f)

Empirical and numerical models should be improved to include cloud forecasting
and its effects on UV.

g)

A range ofUV Index values should be given in forecasts with unknown cloud (or
aerosol) conditions.

Presentations
3.17 Annex D contains individual presentations to the Meeting on Measurements,
Modelling and Quality Control.

4.

UV INDEX PROGRAMMES
UV Index definition

4.1
A consistent theme that ran through the discussions was the unanimous desire to
standardize the terminology, definitions and use of the UV Index. The Meeting also
reviewed the recommendations set out in the ICNIRP Global Solar UV Index booklet.
In particular, the Meeting recognized the need to address the ambiguity concerning
whether the term UV Index refers to the unit of measure, or the maximum daily forecast
value. The Meeting agreed that it should be presented as a unit of measure derived from
an integration of wavelengths up to 400 nm.
4.2
The Meeting agreed that the term 'UV Index' should be used. The term should
be related to the aim of helping people control their exposure to the major hazards of sun
exposure. It was considered favourable for the current term that 'UV' could be attached
to the invisibility ofthe rays while any explanation using 'sun' related to the visibility
of sunlight, and that 'UV' is universal in many languages, thus 'UV Index' may be
retained but could be explained in ways more suitable to assisting the understanding of
the population.
4.3
There was considerable discussion concerning the relative merits of a horizontal
versus an inclined reference surface. The definition with respect to the horizontal
underestimates effective UV radiation intensity at low sun angles, especially over snow
surfaces. The Meeting, however, decided to stay with the already accepted horizontal
reference. It was agreed that additional efforts were required to investigate the
significance and potential benefits of reporting in reference to an inclined surface.

Recommendations
4.4

The Meeting recommended that:

a)

The quantity is to be referred to as the "UV Index". Names such as the UV-B
Index, the Solar UV Index, the Tanning Index, or other similar names were not
recommended.

b)

The UV Index should be defined as a biologically-weighted (CIE action
spectrum) physical parameter. Thus the UV Index is a unit of measure, not the
maximum daily value alone.
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c)

The UV Index is derived from the integrand of UV wavelengths up to and
including 400 nm.

d)

The UV Index is defined in reference to a horizontal surface. Further work is
recommended on potential benefits of reporting in reference to an inclined
surface.

e)

The UV Index should be clearly defined and featured at the beginning of the
updated ICNIRP UV Index booklet.

f)

The WMO investigate and adopt a UV Index symbol or logo to be used
internationally.

Reduction of UV by cloud
4.5
The Meeting expressed concern on the issue of the application of cloud reduction
factors in some jurisdictions, but not in others. It was acknowledged that some countries
may not be in a position to include the effects of clouds in their UV Index forecast. To
avoid confusion, the Meeting proposed that these countries use the term clear-sky UV
Index. Alternatively, countries may wish to give separate UV indices when cloud is
forecast as well as give a range of indices covering clear sky to forecast cloud conditions.

Recommendations
4.6

The Meeting recommended that:

a)

UV Index forecasts should include the effects of clouds on UV transmission
through the atmosphere.

b)

If a programme cannot incorporate the effects of clouds in their forecasts, then
the forecast should be referred to as a "Clear-Sky" or "Cloud-Free" UV Index.

c)

Other parameters relevant to UV transmission such as elevation, albedo, and
air pollution may be included in forecasts.

UV Index forecasts and observations
4.7
The ICNIRP booklet entitled Global Solar UV Index (1995) recommends the UV
Index be averaged over a duration ofbetween 10 and 30 minutes. The Meeting stated that
the averaging duration for the forecast or reported daily maximum value should be
relevant to the effects ofUV radiation on human skin. As such, the 30 minute duration
was recommended as the best compromise. However, for programmes where real-time
observations are available, it was acknowledged that there is an educational benefit in
displaying the short term changes in the UV Index that occur with the passage of clouds.
4.8
Although UV Index forecasts have generally been expressed as a single value,
there are conditions under which values exhibit considerable variability. For example,
UV Index values change markedly with the passage of cumulus clouds. In addition, if
forecasts are valid over a sizeable region, a range of cloud conditions, and maximum UV
Indices, may be expected. In these instances, it may be appropriate to forecast a range of
UV Index values.
- 6 -

4.9
In many countries, the UV Index forecast has specifically been valid for solar
noon. However, the presence of cloud or other environmental parameters may shift the
maximum value a few hours either side of this time. The Meeting therefore
recommended the UV Index forecast should present the daily maximum value whenever
it occurs.
Recommendations
4.10

The Meeting recommended that:

a)

A UV Index forecast should at least present the daily maximum value, whenever
it occurs, not at solar noon as stated in the 1994 WMO Les Diablerets Meeting
recommendations.

b)

When forecasting or reporting the daily maxima, a 30-minute time averaged value
should be used. In programmes where real-time observations are available, a
5-l 0 minute average is useful to display short term changes in the Index.

c)

The UV Index forecast should be reported as a value rounded to the nearest
integer.

d)

Programmes should present the forecast value in decimal format if the media or
other local conditions warrant.

e)

The UV Index should be issued as a single value.

f)

When local cloud cover is variable or when a range of cloud conditions is
expected across the forecast domain, the UV Index should be issued as a range
of values.

g)

UV Index observations should be used to enhance the UV Index forecast
programme.

h)

UV Index forecasts should be routinely validated against surface observations.
Presentations

4.11 Annex E contains the individual presentations at the Meeting on UV Index
Programmes.

5.

EFFECTIVENESS OF INDICES AND DISSEMINATION TO THE
PUBLIC
Indices

5.1
The UV Index provides a facility to promote the reduction ofUV exposure in
human populations and hence UV-induced health effects.
5.2
There was significant discussion by the participants over the measurement units
in which the UV Index should be communicated to the public. While the value of an
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internationally agreed, physically based unit of measurement was completely accepted,
alternative and optional ways of expressing the index that would assist in communicating
it to the public were considered desirable by some. The discussion focused on the use of
descriptive categories for particular ranges of the index and the use of time to sunburn
or a similar measure as an alternative expression of the index.
5.3
Concern was expressed regarding the descriptive categories (low, moderate, high,
very high, extreme) related to countries at extremes ofUV levels. In Poland, for example,
the index will rarely rise above 4 or moderate. Thus, the descriptive terms will not readily
express to people the need for precautions at the higher observed levels of the index. At
the other extreme, in most tropical countries the index will be above 9 and described
simply as extreme for large parts of the year. Thus, variation in the index will not be
reflected in any change in the descriptor. The majority ofthe participants favored the use
of local text descriptors that adequately characterize the locally observed range of index
values.
5.4
The use of a "sliding scale" was proposed as a possible alternative to the use of
different text descriptors in different places. Under such a scheme, the index values 1, 2
and 3 could be described as "low", 3, 4 and 5 as "moderate", 5, 6 and 7 as "high", 7, 8
and 9 as "very high", and 9 or more as "extreme". This would allow areas at the low end
of ambient UV to have low, moderate and high levels of the index, not just low and
moderate. The Meeting however, was cognizant of the fact that this would not solve the
difficulties ofpopulations with consistently extreme levels.
5.5
The Meeting discussed whether additional standardised information should be
associated with each level of the UV Index. For example, the French have a system of
icons associated with 2 skin types, normal and sensitive. It was decided that the
interpretation of icons for local use was very specific, for example, local use needed to
harmonise with local sun protection campaigns. The Meeting agreed, however, that a
standard set of icons should be developed, and advice be sought from an expert group
about appropriate messages for each level of the index in relation to health impact and
recommendations on protection.
5.6
The Meeting noted that sunburn times are extensively used and are requested by
the media and others and, for this reason, it was appropriate to consider burn times in
relation to the UV Index. Bum time is a measure of the impact ofUV on the skin and is
defined as the UV exposure time needed to produce a detectable reddening of the skin.
The UV dose to produce a detectable reddening of the skin is called a 'minimal erythemal
dose' or MED and it varies with skin type. Time to sunburn was perceived by some
participants as being more readily understandable to the public and more useful to them
in controlling their sun exposure than the physical UV Index. Concerns were expressed,
however, at the difficulty in finding an agreed way of determining and expressing a time
to sunburn, the possible misuse of such a value as a "safe exposure time", and its variable
accuracy and relevance to the individual depending on skin type. It was also pointed out
that calculation of a time to sunburn based on time to accumulate 1 MED for a person
with sensitive skin would appear to give an allowable exposure that was three times
longer than that allowed by the ICNIRP standard for occupational UV exposure (0.3
MED per day). While not overcoming this specific problem, it was noted that a time to
sunburn range (eg, 20 to 30 minutes) could overcome some of the difficulty of individual
variation in skin sensitivity.
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5. 7
The Meeting agreed that the UV dose should be standardised for use in the
calculation ofburn times for 'sensitive' skin at 200 J/m2 for 1 MED. Higher values would
be used for less sensitive skin types.
Public dissemination
On a historical note, it was pointed out that the fashionability of tanning had been
5.8
initially promoted by haute couture designers. This trend is now being reversed. The long
persistence of tanning as a fashion feature, however, emphasises the value of using
celebrities, such as popular models, to carry and support health messages, and the need
to be supported by good marketing skills.
5.9
The Meeting agreed that messages about the UV Index should be simple and
clear. The resistance of some news media to disseminating the UV Index was discussed.
The Meeting noted that disseminating the index in a way that made it news could
increase media interest. For example, in areas of uniformly high UV Index during
summer, it may only be possible to get coverage when particular circumstances led to an
exceptionally high level. On such occasions, the index might be released to the media
with an alert warning people of the exceptionally high levels and advising them of how
to protect themselves.
5.10 The Meeting agreed that a website be established for international dissemination
oflocal UV indices and that a 'block' on each local page be reserved for measurements
relating to the UV Index, the health impact and appropriate protective measures.
5.11 Recreational users and schoolchildren were considered by the Meeting to be the
two most important target groups for UV Index. There should be promotional messages
and educational sessions at school about UV. The recreational time of human
populations, such as sunbathing and garden, outdoor sporting and water-related activities,
should be the target of special programs to increase the relevance and popularity of the
information on the use of the UV Index.
5.12 There is a general misconception that cloudy skies equate with no risk of sunburn.
This is not true, and education may lead to better protective behaviour in cloudy but high
UV situations. It was suggested that as cloud cannot be reliably forecast, good public
education about cloud effects combined with the UV Index for a clear sky should enable
people to judge the UV risk for themselves, based on the actual cloud conditions. There
was concern that this approach was giving too much responsibility to the public, and that
for health reasons it would be better to give a uniform policy for sun protection.
5.13 The Meeting also discussed issues relating to dissemination of the index in tourist
areas. In some of these areas, tourists may be important targets for the index. Ideally, the
index would be described in ways that would allow tourists to understand the importance
of the difference in UV levels in the tourist area from those in their area of usual
residence. While in some places the local authorities may be concerned that publication
of the UV Index may frighten potential tourists away, it was argued that tourists would
appreciate the service, particularly if they were already familiar with the index from their
home area.
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5.14 The paradoxical and sometimes unexpected effects of commonly used protective
measures, particularly sunglasses and sunscreens were discussed. The Meeting noted that
the use of sunglasses would not necessarily protect against damaging exposure of the
eyes, particularly if they did not protect against UV entering from the sides. Similarly,
sunscreens may not protect against all adverse effects of UV mediated through the skin;
for example, immune suppression. It was pointed out, however, that adequate screening
of UV A may protect against immune suppression. It may also be necessary to protect
against melanoma, thus emphasising the importance of a knowledge of the action
spectrum ofUV effects when determining protective measures. The Meeting, faced with
these present uncertainties about action spectra, the lack of evidence that sunscreens
protect against UV effects on the skin, and apparently harmful effects of sunscreens in
some recent studies of melanoma, re-emphasised the wisdom of the prudent position that
sunscreens should not be used to permit an increase in the duration of exposure to the
sun.
5.15 The view was expressed that introduction of the UV Index at school would lead
to progressive understanding of the concept, in much the same way that ambient
temperature is understood. It is important to emphasise educational aspects to children,
enjoying the sun safely as well as protection from harmful effects.
Recommendations
5.16

The Meeting recommended that:

a)

Based upon the general public's understanding of the health impact of UV
radiation, research into developing the appropriate terminology should be
conducted in order to promote the broadest use of the UV Index.

b)

A set of summary messages related to health impact and appropriate protection
at each level of the UV Index be developed and used, with close cooperation
between producers of the UV Index and health specialists.

c)

All countries should use and disseminate the UV Index. However, for countries
deciding to disseminate bum times, then if one bum time is given, it would be
calculated for a 'sensitive' skin type and if calculated for more than one skin type,
the skin types would be specified.

d)

A website is to be established with links to key sites worldwide with provision
for standardised information related to the UV Index.

e)

If sunlamps are properly characterised, the UV Index could be used to give
people a comparison of the strength of the UV lamp emissions compared with the
values of ambient UV. The index for sunlamps should be examined in detail
by an appropriate expert group.

f)

The UV Index should not be associated with a particular sunscreen SPF and
used to imply that there is a safe period of sun exposure and that sun exposure
can be lengthened with use of sunscreens.
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Presentations

5.17 Annex F contains the individual presentations at the Meeting on Effectiveness of
Indices and Dissemination to the Public.

6.

CLOSURE OF THE MEETING

6.1

The Meeting closed at 1700h on Thursday, 24 July 1997
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ANNEXA

WMO-WHO Meeting of Experts on Standardization ofUV Indices and their
Dissemination to the Public
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ANNEX 8

WMO-WHO Meeting of Experts on Standardization of UV Indices
and their Dissemination to the Public

(Les Diablerets, Switzerland 21-24 July 1997)

Meeting Programme

MONDAY 21 JULY
8.30

Opening
WMO: Liisa Jalkanen
WHO: Michael Repacholi
ICNIRP: David Sliney

Monitoring and Measurement Programmes
chairman: Gunther Seckmeyer
8.50-9.10
9.10-9.30
9.30-9.50

9.50-10.10

Mario Blumthaler: The Austrian UVB-monitoring networkcalibration and quality control of broadband detectors
Zenobia Litynska: The monitoring and public information on
UV-B in Poland
Manfred Steinmetz: Solar UV monitoring network in Germany
- measurements, data assessment and public information
focussing on UV Index
Stanislav Perov: UV-B monitoring in the central part of
European Territory of Russia by Brewer instruments
(preliminary results)

10.10-10.40

Coffee break

10.40-11.00
11.00-11.20

11.40-12.00

Femanda Carvalho: UV-B measurements in Portugal
Darnijana Kastelec: The UV-B measurement and data analysis
in Slovenia
Calvin Archer: The South African Weather Bureau's ozone
and UV monitoring programmes
Alain Heimo: The Swiss UV radiation monitoring network

12.00-14.00

Lunch

11.20-11.40
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Models and Calculations

chairman: Mario Blumthaler
14.00-14.20
14.20-14.40
14.40-15.00

David Sliney: Zenith angle correction factors for broad-band
instruments
Ulf Wester: UV Index and influence of action spectrum and
surface inclination
Archie McCulloch: Anticipated trends in stratospheric
chlorine and bromine

15.00-15.20

Coffee break

15.20-15.40

William Burrows: CART regression models for predicting UV
radiation at the ground in the presence of cloud and other
environmental factors
Ralf Meerkoetter: Calculation ofsurface UV;..irradiance and
UV Index with ERS-2/GOME and NOAAIAVHRR data
Alexander Manes: Empirical model relating UV-B radiation to
global radiation in Israel

15.40-16.00
16.00-16.20

18.30
19.00-20.30

L'aperitif de bienvenue
Dinner

TUESDAY22JULY
Models and Calculations (continued)

chairman: Paul Simon
8.30-8.50
8.50-9.10
9.10-9.30

9.30-10.00

Gunther Seckmeyer: Determination of UV Indices within the
EU-project "Scientific UV Data Management (SUVDAMA)"
Peter Koepke: Comparison of models used for UV Index
calculations
Henning Staiger: UV Index calculation by the Deutscher
Wetterdienst and dissemination ofUV Index products

Coffee break
Quality Control

chairman: Paul Simon
10.00-10.20
10.20-10.50

John Miller: QA-SAC and UVin GAW
Ann Webb: WMO quality control guidelines for UV data

11.00-12.00

Discussion on measurements, modelling and QC

rapporteur: Ann Webb
12.00-13.30

Lunch
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UV Forecasting

chairman: UlfWester
13.30-13.50
13.50-14.10
14.10-14.30

Lawrence Rikus: UV-B forecasts in Australia
Gunther Schauberger: Forecast of the UV index in Austria
Michal Janouch: Operational nowcasting ofUV-radiation in
the Czech Republic

14.30-15.30

Coffee break

15.30-15.50
15.50-16.10

Juhani Damski: The UV forecasting system of Finland
Alkniadis Bais: UV-B forecasting in Greece
UVIndex

chairman: Ulf Wester ,

17.10-17.30

Peter Nemeth:; UV"-B forecasting and issuing pubiic
information in Hungary
Pierre Cesarini: France: La Meteo Solaire and the UV Index much more than just another campaign ...
David Broadhurst: The Canadian UV Index program, 19921997
Richard McKenzie: UV information in New Zealand

19.30-21.00

Dinner

16.10-16.30
16.30-16:50
16.50-17.10

WEDNESDAY 23 JULY
UV Index (continued)

chairman: Richard McKenzie
8.30-8.50
8.50-9.10
9.10-9.30

Janusz Borkowski: UV Index and daily dose: an analysis of
Belsk data and forecasting
Manfred Steinmetz: UV Index and on-line~monitoring- what
is a practical unit?
Colin Driscoll: Solar UV bulletins in the UK using solar
indices and measurement data

9.30-10.00

Coffee break

10.00-10.20

Craig Long: The US. National Weather Service UV Index;
current procedures, verifications and future implementations
Luis Roberto Acosta: Mexico City UV-B monitoring network
and public UV Index report
Ulf Wester: UV1ndex in Sweden - experiences

10.20-10.40
10.40-11.00
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11.00-12.00

Discussion on UV Indices: experiences and future

rapporteur: Craig Long
Lunch

12.00-13.30

Dissemination to the Public and Effectiveness of the Indices

chairman: Jean-Pierre Cesarini
Michael Repacholi:·The Intersunproject's use ofthe UV Index
Craig Long: Ongoing efforts by the U.S. EPA in ultraviolet
radiation science, outreach and monitoring
David Sliney: Applicability of current UV Index for ocular
exposure
Bruce Armstrong: An epidemiological evaluation ofthe UV
Index·

13.30-13.50
13.50-14.10
14.10-14.30
14.30-14.50

· Coffeebreak ·

14.50-15.20

Anne Kricker: Dissemination, knowledge and use of UV
Indices
Kari Jokela: Education ofgeneral public on solar UVin
Finland

1520-lSAO
15.40-16.00

Discussion on dissemination to the public and effectiveness
of the indices

16.00-17.00

rapporteur: Bruce Armstrong
.·,

.1.

Dinner

19.00-20.30

THURSDAY 24 JULY
8.30

Meeting continues with participan,ts working in three groups:
1) Measurements and quality control.
chairman: Ann Webb
rapporteur: Richard McKenzie
2) UV Index programmes
chairman: Craig Long
rapporteur: Dave Broadhurst
3) Effectiveness of indices and dissemination to the public
chairman: Michael Repacholi
rapporteur: Anne Kricker

Afternoon: The 3 working groups report to the participants. Discussion on the reports.
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ANNEX D

PRESENTATIONS TO THE SESSION ON MEASUREMENTS,
MODELLING AND QUALITY CONTROL

The Austrian UV-B monitoring network - calibration and quality control of broadband detectors
(M. Blumthaler and R. Silbernagel)
The monitoring and public information on UV-B in Poland (Z. Litynska, B. Kois, and B. Lapeta)
Solar UV monitoring network in Germany - measurements, data assessment, and public
information focussing on UV index (M. Steinmetz, H. Sandmann and M. Wallasch)
UV-B monitoring system in the European Territory of Russia (A.A. Chernikov,
G.M. Kruchenitsky, N.S. lvanova, A.F. Nerushev, S.P. Perov, V.l. Vasiliev and I. V. Galkina)
UV-B measurements in Portugal (F.R.S. Carvalho and D.V. Henriques)
The UV-B measurement and data analysis in Slovenia (D. Kastelec)
The South African Weather Bureau's ozone and UV monitoring programmes (C. B. Archer)
The Swiss UV radiation monitoring network (A. Heimo, R. Philipona and C. Frohlich)
Zenith angle corrrection factors for broad-band instruments (S. Wengraitis and D. H. Sliney)
UV-index and influence of action spectrum and surface inclination (U. Wester and
W. Josefsson)
Anticipated trends in stratospheric chlorine and bromine (A. McCulloch)
CART regression models for predicting UV radiation at the ground in the presence of cloud and
other environmental factors (W.R. Burrows)
Calculation of surface UV irradiance and UV index with ERS-2/GOME and NOAA/AVHRR data
(R. Meerkoetter and B. Wissinger)
Empirical model relating UV-B radiation to global radiation in Israel (A. Manes, I. Setter,
A. lanetz, S. Linn, E. Neeman, R. Friedman and B. Miller)
Determination of UV indices within the EU-project "Scientific UV data management
(SUVDAMA)" (G. Seckmeyer)
Comparison of models used for UV index calculations (P. Koepke)
UV index calculation by the Deutscher Wetterdienst and dissemination of UV index products
(H. Staiger, G. Vogel, U. Schubert, R. Kirchner, G. Lux and G. Jendritzky)
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The Austrian UVB monitoring network calibration and quality control of broad band detectors
Blumthaler Mario, Silbemagl Roland ·
Institute ofMedical Physics, University Innsbruck, Mullerstr. 44, A-6020 Innsbruck, Austria
(e-mail Mario .Blumthaler@uibk. ac. at)
In 1996 in Austria a project was launched by the Department of Environment to establish
a first stage of a UVB monitoring network. Five broadband detectors with a sensitivity similar
to the human erythema action spectrum (Robertson-Berger Biometers; Morys and Berger,
1993) were installed at characteristic sites all over Austria to get representative information
about the actual radiant exposure of the Austrian population (Fig. 1). Three more stations are
equipped with the same type of detectors and their data will be made available to the network
in the future.

Outline Map Austria
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Figure 1: Sites of the UVB monitoring network in Austria. Dots mark stations operational since
March 1997, squares mark stations which will be included in Autumn 1997.
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The complete characterisation of the detectors is carried out in a combination of
laboratory and field measurements (Blumthaler, 1997). Firstly in the laboratory the spectral
sensitivity and the angular response (cosine error) were determined. The relative spectral
response of the broadband detectors for the wavelength range 280 nm to 400 run was
measured using a 1000 W xenon arc lamp and a double monochromator as a spectral source
and a calibrated Silicium diode as a detector. The band width used (full width at half
maximum) was 2 nm in the UVB. It had to be increased to 5 nm in the UVA, due to the much
smaller sensitivity of the broadband detectors in the UVA. The cosine response was
determined in two vertical planes, in order to investigate any azimuthal dependence too.
Relative great differences between the individual detectors were found. After one year of field
operation of the detectors these laboratory measurements will be repeated.
The absolute sensitivity of the broadband detectors was determined by an intercomparison of all detectors in the sun over several weeks together with simultaneous spectral measurements with a double monochromator spectrophotometer (Bentham DM150). For the first
approach of the absolute calibration, the spectral data (corrected for the cosine error of the
spectrophotometer) were weighted with the standard erythema action spectrum (McKinley and
Diffey, 1987), resulting in the absolute erythemally weighted irradiance (given in mW/m2),
which was compared with the output of the broadband detectors. From the manufacturer, this
output was calibrated in :MED (Minimal Erythemal Dose) per hour, where 1 :MED corresponds
to 210 J/m2 of erythemally weighted irradiance. The same procedure for calibration of broadband detectors was used in the WMO/STUK intercomparison of broadband detectors
(Leszczynski et al, 1996). From Fig. 2 it can be seen that for each detector the relation
between the broadband detector reading and the spectrometrically determined erythemally
weighted irradiance is dependent on solar elevation and reaches nearly constant values close to
unity for solar elevations higher than about 40°. The systematic dependence on solar elevation
is a consequence of the deviation between the relative spectral sensitivity of the detectors and
the erythema action spectrum. For the same reason, different amounts of total atmospheric
ozone and - to a lower extent - different aerosol amounts, different elevation above sea level
and different albedo of the surrounding will result in a different relation between the reading of
the broadband detectors and the true erythemally weighted irradiance. If this conversion is
based on comparative measurements between spectroradiometers and broadband detectors in
dependence on solar elevation only, then the uncertainty levels would be unnecessarily high.
Therefore, in the Austrian network a calibration method. slightly different to the one described
above is implemented in order to take into account the influence of the relevant atmospheric
parameters on the derivation of the erythemi\lly weighted irradiance from the biometer
readings. The new method is a two-step procedure. Firstly, the recorded biometer data are
converted to absolute detector-weighted units. This conversion is done specifically for each
detector by weighting the spectral data (collected during the intercomparison between
biometers and spectroradiometer as described above) with the individual spectral sensitivity of
each detector. The resulting conversion factor is ideally independent on the atmospheric
conditions, in our case we found a slight dependence on solar elevation of about ±2%, which is
probably a consequence ofthe cosine error of the biometer. Secondly, the individual detectorweighted absolute irradiance has to be converted to the standardised erythemally weighted
irradiance, which is dependent on solar elevation, total atmospheric ozone and the other
parameters characterising the actual atmospheric conditions. Therefore this step has to be done
using a radiative transfer model (in our case, we use the two-stream model TUV from S.
Madronich, personal communication). The model is applied on the one hand to the standard
erythema action spectrum and on the other hand to the relative spectral sensitivity of the
individual detector. For the routine application, the model was run first to produce a look-up
table, which allows the correction of the reading of each detector based on the actual ozone
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content and on average values of the other parameters. The success of this procedure could be
checked, when the broadband data from the period with the simultaneous spectral measurements in Innsbruck were evaluated and compared with the erythemally weighted irradiance
calculated from the spectral measurements. An agreement in the order of ±3% was found,
which was a very satisfying result. Therefore this calibration method allows to make the
measurements of the individual broadband detectors with different spectral sensitivities
comparable with each other and to be able to compare the results with similar measurements
world-wide.
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Figure 2: Comparison between the erythemal effective irradiance measured by a Bentham UVspectrophotometer and UV-data measured by the UV-Biometers used in the Austrian
network. The standard deviations are marked.

The data of the detectors, distributed over Austria, are transferred continuously to the
governmental data centre in Vienna and daily via the Internet to our Institute in Innsbruck.
Weekly we receive the total column ozone data from the Austrian ozone monitoring site Sonnblick, where a Brewer instrument is used for continuous monitoring of atmospheric ozone.
Then the broadband data of the last week are corrected according to the procedure described
above and sent back to the data centre for further publication. The units of the final results are
erythemally weighted mW/m2, which can be converted easily to the UV-Index by dividing by
25. For the publication it is intended to use the UV-Index only. At the moment, in the first
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stage of public information, a weekly report is published in the Teletext of the Austrian radio
ORF, which gives for each day and each station the daily maximal UV-Index.
As a further tool for quality control, a pyranometer is operated beside each broadband
detector in the network, which measures total global irradiance. The ratio between the data
from the broadband detector and the pyranometer is dependent on solar elevation (due to the
absorption of UVB irradiance by atmospheric ozone) but only to a small extent to all other
atmospheric parameters, including cloudiness (Blumthaler, 1993). Therefore this ratio gives a
good information about the successful operation ofthe broadband detectors.
To ensure long term stability after the installation of the detectors at their operational
sites, the detectors are compared there routinely about every 3 months with a refer~nce
detector, which is travelling from one site to the next. The stability of the reference detector is
controlled frequently by comparison with spectral measurements in Innsbruck. First results of
these comparisons show quite different results. Some detectors kept very constant, while a few
others showed significant variations in the order of 10%. This documented clearly the
importance of frequent control, in order to be able to take into account possible drifts of
individual detectors. Of course, if a detector changes completely irregularly, then it has to be
replaced.
Based on these extensive quality control measures, reliable data of the distribution of
erythemally effective UV radiant exposure over Austria are collected now continuously,
comparable with similar measurement programs world-wide.
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The Monitoring and Public Information on UV-B in Poland
Zenobia Litynska1, Bogumil Koisl, Bozena Lapeta2 ,
1Institute

of Meteorology and Water Management, ul.Zegrzynska 38, 05-119 Legionowo,
Poland (e-mail:zenoblit@pol.pl, kois@pol.pl).
2 Institute of Meteorology and Water Management, ul.P.Borowego 14, 30-215 Krak6w,
Poland (e-mail: zilapeta@cyf-kr. edu. pi).

The Polish UV-B monitoring network, consisting of three Solar Light UV-Biometers 501, was
established at the Institute of Meteorology and Water Management in June 1993. The three
sites are situated along N-S cross-section through Poland, representing the three types of
climate: at Baltic coast - Leba, in midland - Legionowo, and in the Tatra Mountains Kasprowy Wierch (Zakopane since April 1995). Standard meteorological observations and
global solar irradiation measurements with Kipp&Zonen pyranometers are also carried out at
these sites. The UV-B data base is run at the Centre of Aerology at Legionowo, where the
monitoring and research is being performed. For comparison between UV-B measurements
and radiative transfer model calculations the total ozone data from Dobson Spectrophotometer
at Belsk and from NOAA/TOVS satellite ground receiving station placed at Krakow are
available. The UVDOSE model by Dahlback [ 3 ] is used for studies.
Since 1995, in summer months (June-August) a Weekly Bulletin on UV-B has been
disseminated every Thursday. The Bulletin provides:
1. -General information concerning solar UV-B radiation over Poland and the factors
affecting the UV- B ground level irradiation;
- Directions for public on safe sun exposure;
2. -Information on the UV-B doses measured at the monitoring stations from Tuesday to
Monday of previous week;
-The UV-B index and minutes for safe sun exposure in these days.
3. -The first guess ofUV-B index and minutes for safe solar exposure at midday hours for
five days (Thursday to Monday) in three categories ofUV-B irradiation, for 8 regions.
UV-B category

weak
above
> 60 min
0-2

Safe sun exposure
UV-B index

moderate

high

60-30 min

less the 30 min

3-5

>5

- This prognosis is based on the five day meteorological forecast issued by the Central
Forecast Office in Warsaw.
For the UV-B forecasting the dependence on ozone, aerosols and cloudiness should be taken
in consideration. Research on forecasting of 24h ozone change is carried out by the authors but
by now it is rather impossible to forecast total ozone change for five days. So the UV-B/ozone
dependence used in our procedure has a climatological character. On the basis of UV-B
network measurements and model calculations for summer months 1994 - 1996 an analysis of
midday UV-B doses, minutes for safe sun exposure and UV-B index was performed. In model
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calculations the TOYS TO data were used. The results of UV-B index analysis are presented
on Figures 1-3. The dispersion of model clear sky calculated UV-B index depends mainly on
TO variation, while the dispersion of UV-B index calculated from measured all sky UV-B
doses depends additionally on cloudiness and aerosols variation. On the basis of the relation of
the minutes for safe sun exposure to UV-B index, Fig.4, three categories for UV-B prognostic
information was elaborated. We are not able by now to forecast the extreme UV-B index, so
the forth, extreme category, was not included. So the main factor for UV-B forecast is the
cloudiness which is available in the five days meteorological forecast. The forecast of clouds
and their influence on ground level UV-B irradiation is the main problem in UV-B forecasting.
As was shown in many papers (1, 2, 4, 5, 6) the dependence of cloud cover on UV-B is not
linear, strong dependence on cloud category was being observed.
To study the ozone influence on UV-B ground level irradiation, the hourly UV-B maximum
values at Legionowo against total ozone deviations at Belsk are presented on figure 5. The
highest UV-B doses are observed for sigma below -2, what is connected with the low ozone
situations noticed over Poland during summer 1994-96. The dependence on total ozone
deviation revealed clearly in clear sky conditions and in appearance of Cirrus .fibratus and
Cumulus humilis. This can be seen on the figures 6-8, on which the hourly UV-B maximum
values at Legionowo for clear sky, Cirrus and Cumulus clouds are shown. The Cirrus cloud
attenuation ofUV-B radiation is rather weak and, in most cases, the measured doses are close
to those for clear sky. In the case of Cumulus clouds, stronger attenuation ofUV-B radiation is
observed only for Cumulonimbus calvus and Cumulonimbus capilatus.
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Midday UV-8 index
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Minutes for safe sun exposure versus UV-8 index
Fig. 4
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1. Introduction
Intense research in UV induced effects during the last years documentes' the high risk
potential in human health, but also the influence in eco systems and atmopheric air
chemistry. These influences are expected to increase due to a decrease of stratosperic
ozone. Therefore solar UV radiation has become an important environment parameter that
has to be continously monitored and assessed from a radiation hygienic, ecological and
meteorological viewpoint.
Since early in 1993, the Feder.al Environmental Office (UBA,Berlin), together with the
Federal Office for Radiation Protection (BfS,Salzgitter) therefore established an overall UV
monitoring network for the continuous measurement of spectrally resolved UV radiation
resolution. The major tasks are:
to report on the level of current and future solar UV exposure
to assess the effects of changed UV irradiation
to provide the population with guidelines for appropriate early protection
Since the expected increase in UV radiation represents a global problem, cooperation is
needed with other institutions engaged in terrestrial solar UV radiation. On a national level
a first step is an association with German Weather Service (DWD), Kiel university, BAUA
in Dortmund and LfU Bayern in Kulmbach (solarer UV Me13verbund des BfS/DWD/UBA
with the short name solar UV Monitoring Net). A link into international measurement
network activities is desirable.
2. Measurements
Due to different biological and ecological assessments only spectrally · resolved
measurements are useful. After a thourough evaluation a BENTHAM DM 150 double
monochromator measuring system was selected. The modular developed measuring system
is so designed that such sensitive components as monochromator and electronic devices are
operating in a closed room at stable laboratory conditions. The system is optically
connected by a 4 m long light fiber bundle with a teflon diffusor mounted on the roof.
A wavelength range of 290 to 450 nm is covered. The bandwidth is 1 nm and wavelength
accuracy is better than + 0.15 nm. Between 290 and 320 nm the scanning step width is 0.5
nm, considering the steep shape of the solar spectrum at short wavelength, in the range of
320-450 nm the step width is 5 nm.
So as to register also shortterm UV radiation changes, as e.g. on cloudy days, the scan
frequency should be high. The current system is working 1/2 hour after sunrise to 1/2 hour
before sunset in 6 min intervals. The time for a current scan requires between 70 and 100
seconds. 1/2 hourly a mean value is computed and stored additionally.

-

37 -

The measurement network consists of a reference station in Munich-Neuherberg and 3
additional measuring stations in Offenbach near Frankfurt, Schauinsland in the black forest,
and in Zingst at the baltic sea. The choice of these sites took the personnel and equipment
related internal structure of the participating institutions into consideration. Together with
the associated stations the different latitudes, climatologic conditions and tropospheric
environmental burdens in Germany are considered.
Every night the daily accumulated data (up to 2MB) are transferred automatically from each
station to the reference station. For quasi online monitoring in the morning and afternoon of
each day a reduced datafile (less than 10 kB) is transferred with 1/2 hourly erythemally
weigthed values together with meteorological parameters. At the reference station the UV
data are quality controlled, assessed and prepared for public information.
3. Data assessment
For longterm documentation of UV increase due to ozone depletion high quality
instruments are needed. Therefore a very high stability in wavelength and absolute
irradiance is demanded. For high wavelength accuracy within each spectrum the solar
Fraunhofer line at 393,36 nm is monitored in very small steps. Previous data of more than
three years show shifts of less than 0. 05 nm.
The most difficult calibration of the measurement system is that of the absolute irradiation.
Beside regulary calibration procedures in time intervals of 3-4 months in the meantime an
automatic auxiliary lamp system was established. It consists of a PC controlled swivel
bonnet with integrated monitoring lamp. Every night after sunset the monitoring lamp is
automatically placed above the teflon diffusor. At midnight after a time period of 20
minutes needed to settle the lamp, five spectra are measured over a wavelength range from
290 to 450 nm. The mean spectrum is compared with the mean spectra of the nights before.
In this way it is possible to detect changes of the sensibility of the system caused by
fundamental drifts of the used instruments or by pollutions of the diffusor. To recognize
possible jumps of the intensity of the monitoring lamp four characteristical parameters of
the lamp are recorded: electric current and electric voltage, temperature and total UV
radiation. Previous data show a longterm variability of the instrument resonse within 4%.
Additional a radiation transfer model is used to recompute measured spectra feed with data
mostly influence spectra i.e. clouds, aerosol, and ozone. Total ozone is determined from
the ratio at two different wavelengths in the UV-B region with the help of an empiricaly
formula. This formula depends primarly on solar zenith angle and was developed by
comparison with direct ozone measurements carried out by the DWD at Hohenpei6enberg.
The method shows good agreement (within 3 %) with direct ozone measurements and is
independent of cloud cover. As it depends on a irradiance ration it is not sensitive to the
calibration of the spectrometer. Hence, this total ozone values can be used in a radiative
transfer model for verifying the reliability of the absolute calibration of the spectrometers.
Accuracy of UVI reports to the public profits by the above mentioned quality control.
Because of spectrally resolved measurements a later weighting according the recommended
CIE response function is no problem. Also the demand for the measurement of the incident
irradiance onto a horizontal surface, because the diffusors of all systems are in a horizontal
position.
4. Public information
Beside an general recommandation to the determination and how it should be used ("global
solar index ",ICNIRP) a more detailed statement of the Strahlenschutzkommission was
published last year. This is the base of our practical public education concept.
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Solarer UV -Index (UVI)
Stand : 30.05.1996

BfS----

Deutschland

UBA----11
3-TAGES-PROGNOSE
fur Nord, Mitte und Suden

MESSUNG
vom 21.4.1997 15 Uhr
UVI:
Tagesspitzenwort der
sonnenbrandwirksaman
UV-Strahlung am Erd·
boden lnnorhalb 30 mln

Roduktion dos UVI-Wortas
vor allem durch BewHikung
entsprechend:
Bew61kung

Symbol

4

•

-·

am

kelne-schwacha
schwacha-starka
starka·vollstd.
ragnarlach

Max. Welt-UVI-Werte

Venedig 45°N
Rom 42°N
Mallorca 39°N

Lissabon 38°N
Palermo 37°N
Antalya 37°N

Kreta 35°N
Kan. lnseln 30°N
New York 41 °N

San Francisco 38°N
Bangkok 14°N
Slngapur 1 °N

Em pfehlungen
*I fOr den empflndllchen Hauttyp 11 bel ungebriiunter Haut:
die Zelten bel Hauttyp I halbleren, bel Hauttyp IV verdoppeln.
Klnder generell vor zu starker Sonnenstrahlung schutzen (Kieidung, Hut, Sonnenbrllle).Bei hohem UVI: Mlttagssonne maiden,
Sonnenschutzmittel mlt doppeltem UVI-Wert-Lichtschutzfaktor
Sonnenbrand
UV- Belastung
Index
m6glich *I:
in weniger
sehr
8 und
hHher
hoch
als 20 Mlnuten
7-5
hoch
ab 20 Minuten
4-2
mittel
ab 30 Minuten
niedrig
unwahrscheinlich
1-0

.,

SchutzmaBnahmen
unbedingt
erforderlich
erforderllch
empfehlenswert
nicht erforderlich

Hinweise fur "Sonnenanbeter":
Die Zahl der "Sonnenbiider" soli etwa 50 pro Jahr
nicht uberschrelten (Bestrahlung durch Sonne und
Solarlen). Dauer und lntensitiit sind so zu wiihlen,
daB eine sichtbare Hautrotung gerade nicht auftritt.
Bel kurzeren Bestrahlungszeiten sind hiiufigere Besonnungen akzeptabel.
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With the aim to sensitize the public for UV health risks and to recommandations for optimal
· protection during recreational actvities, the following criterias are considered in Germany:
-the parameters, that mostly influence UV irradiance like clouds and ozone
- the accuracy in view of wide biological range has not to be too high
- in Germany UVI prognosis aereas of north, middle and south last
- during summer daily prognosis is recommended and during winter monthly prognosis is
sufficient
- beside prognosis it is also important to inform the public about the real measured UVI
In the upper figure you can see our actual UVI concept. It consists of a documentation of
the actual UVI of the eight stations established daily at 16:00 (left above). Second, you can
find the (real) 3 day UVI prognosis for northern, middle and southern Germany alway
established at Monday, Wednesday and Friday of a week. In the middle of the page
computed maximum UVI values are presented for popular holiday regionS. Fourth, at the
bottom left, a UVI-class-table about UVI ranges and its correlation with sun burn times and·
how. to protect. Fifth, at the bottom right, text information about actual· advices against too
much sun.
The information is published in · T-online, in the near future · also in Internet and. on
videotext.
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UV-B MONITORING SYSTEM IN THE EUROPEAN
TERRITORY OF RUSSIA
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Changes in total column ozone, global warming (surface and tropospheric
temperature), cloudiness, radiation, possible UV-B trends and reaction of the biosphere
(vegetation, for example) for last decades are discussed (Belinsky et al., 1968;
Madronich, 1992; Varotsos et al., 1995; Abakumova et al., 1996; Izakov, 1996;
Kruchenitsky et al., 1996). One of the most important tools to determine
climatological values and long-term changes in solar UV radiation is the monitoring of
UV and atmospheric parameters, which modulate UV (ozone, cloudiness, aerosol load
and other factors). Models that simulate typical values and predictions of changes in
UV radiation for different atmospheric conditions need to be used (Belyavsky et al.,
1991).
The Federal Service on Hydrometeorology and Environmental Control of the Russia
started the observation of spectral irradiance of global solar UV-B (320-290 nm) in
Obninsk (55.1 'N, 36.6 'E) September 1, 1991 by using Brewer spectrophotometer(#
044). The calibrations of the spectrophotometer were performed in 1989, 1991 and
1996 by using the mobile etalon Brewer of Canada Environment Service. Since
August 1996 the instrument works in automatical regime: the observation is made each
30 minutes from 30 minutes before sunrise to 30 minutes after sunset every day. The
main tasks accomplished by Brewer instrument # 044 are:
i) day-time measurements of total ozone be the direct sunlight and by the scattered
sunlight from the zenith as well as night-time measurement of total ozone by the direct
moonlight,
ii)

the same day-time and night-time measurements of sulphur dioxide,

iii)
measurements of ozone vertical distribution in the atmosphere by Umkehr
method after the sunrise and before the sunset (60 grad. < Z < 95 grad., where Z zenith angle of the Sun,
iv)

UV-B radiation registration of direct plus scattered sunlight.

Cloudiness and other meteoparameters are observed simultaneously. The calculation of
integral global irradiance doze ofUV-B (DUV) in units of J/m.m is made every day.
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In 1994 the UV-B observations were carried out for 118 days, in 1995- for 178 days,
in 1996- for 200 days and in this year- for 170 days (till July). In 1996 maximum
value of DUV- 2.59 kJ/m.m- was registrated August, 12 just after intercomparisen
with the mobile etalon Brewer. Total ozone amount was 312 D.U., solar zenith angle40,5 °, cloudiness (Cu) changed for the day 1 to 4. 12 May of 1997 DlN was 3,07
kJ/m.m, total ozone -348 D.U., solar zenith angle- 36,7 °. Remarkable increases in
lN-B irradiance corresponding to the days of remarkably low total ozone were not
registrated. At present the Obninsk data is not enough in time length after the
commencement of the observations to detect long-term trends in UV-B irradiance on
the ground because of their large temporal variability caused by clouds and aerosol
effects.
Operative (near-real time) total ozone ground network monitoring system in Russia is
working continously and is used episodically to derive UV-B 11 Weather" over the
former USSR (because no station stopped to observe since 1991). All together, there
are 40 regularly operating ozonometric stations equipped with the M-124 filter
ozonometer which is capable of measuring total ozone in the whole thickness of the
atmosphere by direct or scattered solar radiation. Regular measurements with the
instuments of that type have been carried out since 1973 (Fioletov et al., 1991-1997).
The accuracy of determining of total ozone daily average value is 5 %. Total number
of the stations providing diurnal data for the system of the total ozone field monitoring
varied, on the average, for example, from 20 to 30 during the period from February
to September 1996. The total ozone measurements quality at the netwok statons was
rather high on the whole. Cloudiness over territory is taken from satellite
(METEOSAT) observations.
Calculation of UV-B irradiation is based on Chandraseckhar-Schuster approximation
of radiation propagation equation and empirical parameters (Belyavsky et al., 1991;
the report was presented by S.P.Perov et al. at WMO Meeting of Experts on UV-B
monitoring, Data Quality and Standardisation of UV Indices, Les Diablerets, 25 July
1994):

(1)
where QJ..- integral irradiation spectral density, loJ.. - "solar constant" spectral density, X
- total ozone amount, a.J.. - radiation attenuation coefficient, V- elevation angle of the
Sun. E.g., for A.= 307 nm the F(V) is equal (within a few percent for any A.) to about
0.2, OA, 0,6,. when V is 20,.40, 60 degrees correspondingly and F(V) =0.6 when V>
60 degrees.
For integral UV-B irradiance:

where A-2 = 315 nm, A1 is the minimal wave length registrated on. the Earth's surface;

'k'

E

[At,

l2]~ or:
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Q= F(V)Aexp(-

S~V)

.

(2a)

Eq.(2a) is suggested to be the linear dependance of ln[QIF(J1] and X/SinV from
energy relation:

A.z

J1 A-d2 =A.
0

(3)

A

A.z--1O.t •

Eq.(3) is right within ,..., 5 % for different X. Linear dependence of ln[Q/F(V)] and
X/sin V (Eq.2a) at different cloudiness was corraborated by simultaneous observations
ofX, UV-B radiation, and cloudiness at Kiev, Ukrain, since July 1990.
Approximation's parameters in (2a) for different values of cloudiness are in the table 1
TABLE 1
Cloudness

Repeatibility

Correlation A, W/m 2

102·a. km-1

'

0.26

-0.94

6.26

0.151

1-2

0.067

-0.98

5.55

0.137

3-4

0.087

-0.98

6.04

0.143

5-6

0.078

-0.96

5.93

0.144

7-8

0.11

-0.91

4.72

0.131

9-10

0.398

-0.66

2.95

0.137

0

Thus, input information for UV-B control system consists of cloudy and total ozone
maps over the territory under consideration. Albedo of the Earth's surface is
characterized by three states: 1) no snow; 2) fresh snow, and 3) old snow. Maps of
cloudiness and albedo of Earth's surface are derived from satellite "Meteosat" pictures
in infrared and visible ranges of the spectrum of outcoming radiation. Total ozone
map is created from observations of the former USSR ozonometric network (Fioletov
et al., 1991-1997). Control system allows to obtain both operative (near real time)
UV-B irradiation for any day and climatic values because it uses climatic data archives
of cloudiness and total ozone.
The using UV-B Indices in Moscow, Moscow region as well as in Russia is discussed
(Chubarova, 1995).
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UV-B measurements in Portugal
1
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1. Introduction
The observed ozone layer depletion over global scale and a consequently increase of UV-B
radiation at ground level have a strong impact on media. Every years in summer there are
several requests to the Portuguese Meteorological Institute (IM) concerning ozone changes,
UV-B levels, times of exposure, etc. In order to answer these requests, IM has a network of
ozone and UV-B monitoring stations in mainland territory and also in Madeira and Azores
Islands. However, UV-B and ozone monitoring in Portugal started very before public concern
about their changes. In fact, total ozone measurements started in 1950's at Azores Islands, and
UV -B monitoring started at Lisbon more
recently in 1983. Currently, total ozone and
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etc, can rise several doubts when analyzing
the origin of some UV _B changes and trends Figure 1: Location of portuguese Ozone and UV-B
network
on long-term series. To minimize these
uncertanties it is recommended regular calibrations or comparisons with calibrated equipment.
Another important subject is related with the UV-B daily forecast procedures. Some times
exact radiative transfer models are too computing expensive considering the quality and the
availabilty of the input information. On the other hand, empirical simplified models have
more advantages with respect to computing but can not be valid if applied in different places
with or atmospheric conditions.

2. Network and Observational Program
The portuguese ozone and UV-B monitoring network consists in 4 stations sited at mainland
and islands territories (figure 1) equiped with spectral and broad-band measuring equipment
(Table 1).
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Table 1
Penhas Douradas

A. do Heroismo

Station
WMONr.
G030SNr.
Latitude
Longitude
Altitude

Lisbon

Funchal

08579
082
38.77°N
9.15° w
105m

08568
288
40.42°N
7.55° w
1380m

08522
287
32.64°N
16.89° w
49m

08511
327
38.66°N
27.22°W
74m

Site type

Portugal mainland:
coastal
region,
moderately polluted
site close to the
international airport
and to the Tejo river.

Portugal mainland:
Mountain region far
from
pollution
sources and with
near
clean
air
conditions.

Terceira Is. (Azores):
Lightly polluted site
at the surroundings
of the town , close to
sea shore (l km).

Instrumentation

Dobson #13 (IOC)
since June 1960;
Brewer MARK 11
#047, since July
1989 to June 1992.;
SLSOO sunburn UV
meter, since 1983.

Brewer MARK 11
# 102, since October
1994.

Madeira
Is.:
Moderately polluted
site
at
the
surroundings of the
town very close to
the sea shore (100
m).
Brewer MARK 11
#048, since October
1989.

Brewer MARK II
#047, since July
1992.

The currently UV-B observational program consists in:
a) Continous monitoring with a Solar Light 500 (SL500) sunburn UV meter (sampling interval
= 1 min.) at IM Headquarters - Lisbon.
b) Spectral measurements (290 nm - 325 nm) with Brewer MARK II ozone spectrophotometers
at P. Douradas, Angra do Heroismo (Azores Is.) and Funchal (Madeira Is.), at several zenith
angles and at noon (about 5 to 17 measurements per day).
3. Measured and modeled results
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During April and May of 1992 it was possible
to compare SL500 #0359 broad-band meter
and Brewer #04 7 spectrophotometer under
clear sky conditions at Lisbon station. The
8
results shows a relative good agreement
between the two instruments with a mean
50
difference of about 11 %. In order to compare
changes between the two series, SL500
50
100
150
200
measurements were adjusted to Brewer scale
SL500 No.359 (mW/m')
using a linear regression fit (figure 2). Some
large diferences found mainly on higher values
Figure 2: Brewer I SL500 UV-B comparison
can be due to a change on the spectral response
of the SL500 meter.
After the adjustment of the SL500 measurements to the Brewer scale, a comparison was done
against the Kerr et al. (1992) empirical model in order to validate it with the local conditions at
Lisbon (figure 3), using the total ozone Brewer direct sun observations nearest to the UV-B
measurement time. The modeled results are about 8 % less than the measurements except for
low zenith angles where the model is higher. Figure 4 shows the three curves for a clear sky day
(May 31, 1992), and it can be seen a significant difference near noon between the instruments
and with respect to model. In this case, the maximum difference found at noon is about 1 UV
0

0

0

0
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index unit (25 mW!m\ showing the need of a
validation of the Kerr's model to Lisbon
conditions.
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During the same period UV-B measurements
were compared to ozone direct sun observations
(figure 5) under clear sky conditions at
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results are consistent and clearly shows the
anticorrelated effect of ozone changes on UV-B.
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Figure 5: Ozone and UV-B changes

Finally, figures 6 and 7 shows the UV -B dependence on total ozone even on cloudy days. This
result showed the need ofthe continuity of the monitoring program in order to assess the impact
of day-to-day ozone changes as well as long-term changes on UV-B irradiances at ground level.
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4. Future Developments

A proposal to improve and enlarge the current UV-B monitoring network was recently submited
to a national research program. The main goals of this project is to install more 6 or 7 UV-B
monitoring stations over the mainland territory and to improve the communication of data
between the network and the central at Lisbon and the dissemination to WMO World Data
Center and other research centers in the world.
Regular intercomparison campaigns with european standards are also in the scope of this project.
In order to taking into a count other local effects like surface albedo, altitude and atmospheric
composition (aerosol), a new semi-empirical spectral model is being to be developed at IM.
An UV-B forecast program is ready to start, using a set of relationships between total ozone and
atmospheric fields in the lower stratosphere. Ozone and UV-B monitoring stations will provide
prior information to adjust the predicted fields. The area covered by this program includes
Azores and Madeira Islands.
Efforts are currently made to increase the cooperation with other countries, specially in Europe,
in order to avoid exchange of knowledge and technology.
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THE UV-B MEASUREMENT AND DATA ANALYSIS IN SLOVENIA
Damijana Kastelec 1

Introduction
In 1992 Hydrometeorological Institute of Slovenia bought three EKO MS-21 OW
pyranometers for UV-B solar radiation measurement in Slovenia. Measurement started in
1993 at two different locations, the third pyranometers was put in use in 1995. Pyranometers
are connected to the automatic meteorological stations. The half hour averages of UV-B
radiation are on-line through the Oracle data base. Measurements in Slovenia are not directly
comparable with those in Italy, Austria or Croatia, where other types of UV-B sensors are
used.
We have not done any spectral calibration yet. Before the measurements started, we made
intercomparison of all three pyranometers in 1993. The next intercomparison was done in
1996. For archive the data base are adjusted with regard to the results of these
intercomparisons.
We present the analysis of hourly and daily values of UV-B radiation on all there
locations. The ratios ofUV-B against global solar radiation are calculated for annual and daily
period. We made the comparison of UV-B amount on three different altitudes. Regression of
UV-B radiation as depended variable and global radiation, diffuse radiation and sunshine
duration as independent variables was carried out.

Measurements ofUV-B radiation
The first measurement location is on the coast at Portoroz airport, measurements started
in June 1993. The second location is Ljubljana in central Slovenia, 299 m above the sea level,
measurements started in August 1993. The third location is Kredarica in Julian Alps, 2514 m
above the sea level. Measurements on Kredarica started in June 1995. Global solar radiation,
diffusive solar radiation and sunshine duration are measured on all there locations,
simultaneously. The broadband EKO MS-210W pyranometer measures the amount ofUV-B
radiation with wavelength between 280 and 315 nm. The spectral curve has the peak at 305 ±
2 nm and the half-width 10 nm. UV-B pyranometer has 2% nonlinearity, 10% cosine response
at 20° solar elevation and 10% azimuth responseat 20° solar elevation, temperature response is
3% and its operating environment is between -10 and 50 °C. There is no information about the
time stability of the instrument.
The results of intercomparisons of all three sensors in 1993 and in 1996 are in Table 1.
The correction factors were calculated as the ratio of the UV-B data measured by one sensor
against the corresponding average of the three sensors. We do not know how these ratios
changed during the period May 1993 - August 1996. We assumed time linearity for the
correction factors in the period between two intercomparisons. The UV-B data were adjusted
taking into account these correction factors.

1

Hydrometeorological Institute of Slovenia, Vojkova 1b, 1000 Ljubljana, Slovenia
(E-mail: damijana.kastelec@rzs-hm.si)
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Table 1: The conection factors for adjustment of the UV-B data obtained by intercomparison of the three
pyranometers in 1993 and 1996.

May 1993
August 1996

l,jubljana
1.03
1.08

Portoroz
1.01
0.97

Kredarica
0.96
0.95

Data analysis
The period of UV-B measurement is too short for statistical analysis in climatological
sense. However, we shall try to describe some characteristics of UV-B radiation in four years
of observation.
On Figure 1 daily sums of UV-B radiation for Ljubljana and Portroz are presented. The
values in summer 1993 are remarkably higher than in other years of observations, on both
locations. For the evaluation of these values, comparison should be made with the values
obtained by comparable instruments in neighbouring countries.
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Figure 1: Daily sums ofUV-B radiation for period August 1993 -May 1997 for Ljubljana (above) and for period
June 1993- May 1997 for Portoroz (below).

Figure 2 shows the ratio of daily sums ofUV-B against the global radiation (UV-B/G) for
Ljubljana, Portoroz and Kredarica.
The ratio changes with time in annual and daily period as shown on Fig. 2 and Fig. 3. The
highest values of daily UV-B/G ratio are in summer, their average is around 0.8%o and the
maximal values around 1.4%o. The lowest ratios are in winter, their average is around 0.2%o.
Fig. 3 presents the daily season of hourly UV-B/G ratios in January and June 1996 for
Ljubljana.
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Figure 2: The ratios of daily sums of UV -B against the global solar radiation for the period August 1993 - May
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1995- May 1997 for Kredarica (below).

Ratios UV-B/G are in our case lower than the ratios known from the physical radiation
theory postulating the average ratio UV-B/G as 3%o. Our EKO MS-210W UV-B sensors do
not detect all of the UV-B radiation, large amount of solar energy in the range 315 and 320
nm is filtered. The UV-B/G ratios described above, as well as comparisons of measurements
at clear days with model LOWTRAN7 output showed that approximately one third of total
UV-B radiation is detected with EKO sensors. However, the EKO sensors detect the greatest
part of solar energy at biologically active wavelengths.
Differences in UV-B and UV-B/G values for the three locations (Fig. 1, 2) can be
explained by different altitudes of the observed locations. Fig. 4 presents thee monthly
average of hourly UV-B radiation at clear sky conditions for the three locations for January
and June.
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The dependence ofUV-B radiation on other radiation data (global and diffusive radiation
and sunshine duration) was modelled using multivariate stepwise regression. Due to high
correlation of independent variables the multivariate model was simplified to bivariate model:
UV-B is linearly dependent on global radiation, coefficients of determination is in average
between 80 and 90%.
We got different results analysing hourly values of UV-B. Two different situations were
detected: hours with clearness index :2:: 0.6 (corresponds to sunshine duration :2:: 0.8 - clear
hours) and hours with clearness index < 0.6. For the first situation a qudaratic relationship
between UV-B and global solar radiation was observed and for the second linear relationship
was adequate.
Conclusions
We are aware of necessity of spectral calibration of our UV-B sensors. We plan to calibrate
them as soon as we save the financial problems.
EKO UV-B sensors should be also included in the international intercomparison of different
type of sensors for UV-B measurement.
After calibration of our sensors we anticipate to use our data for calculation of UV-B indices.
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The South African Weather Bureau's
Ozone and UV Monitoring Programmes
Calvin B Archer
Research Directorate, S A Weather Bureau
Private Bag X-097, Pretoria, 0001 South Africa

The South African Weather Bureau is a Directorate of the Department of Environment Affairs,
and is accordingly involved with monitoring the atmospheric environment. This includes
monitoring the state of the stratospheric ozone layer, and following from this, of the flux of ultraviolet radiation reaching the Earth's surface.
To meet the first part of this responsibility, the Weather Bureau operates Dobson ozone
spectrophotometers at Irene, near Pretoria (25.9°S, 28.2°E) and at Springbok (29.7°S, 17.9°E).
The Pretoria Dobson was restandardized in February 1997 at the Dobson intercomparison
meeting in Perth, and has since ~een used to restandardize the Springbok Dobson. No significant
changes were found to have occurred in either instrument since their last standardizations. Kipp
and Zonen narrow-band UV-B radiometers will soon be installed at these stations as well, aimed
at meeting the second part of the responsibility.
Since January 1994 the Weather Bureau has maintained a routine programme for monitoring
erythemally weighted UV-B radiation at Cape Town (34.0°S, 18.6°E), Durban (30.0°S, 31.0°E)
and Pretoria (25.7°S, 28.2°E). The programme was motivated by and in collaboration with the
School of Pharmacy at the Medical University of Southern Africa, Medunsa, near Pretoria. It
was initially sponsored by the South African Cancer Association, the Pharmacy Professional
Awareness Campaign and Johnson & Johnson, Ltd. Associated monitoring centres are at
Medunsa and at the Cape Point Global Atmospheric Watch station near Cape Town (34.3°S,
18.5°E).
The equipment used in this network is the Solar Light Model501 UV-Biometer, comprising a
Robertson-Berger pattern UV detector and a digital recorder and control unit. The equipment is
directly linked to a computer in the Weather Bureau's Communications Centre in Pretoria.
The main purpose of the UV -biometer network is to make the public aware of the hazards of
excessive exposure to biologically active UV-B radiation. Much of the inland area of South
Africa lies just outside the tropics, at an elevation of 1000 metres or more. Coupled with a semiarid climate, this can result in very high values of daily UV-B exposure. Figure 1 shows the
annual variation of the mean daily exposure, in units of minimum erythema dose, MED, at the
three main stations. Local medical authorities regard daily exposures of more than 14 MED as
dangerous. This value is reached on average during five to six months of the year at all the
stations.
At the start of the UV-biometer programme, the current day's total erythemal UV-B exposure was
presented with the main television news and weather report at 8 p.m. that evening. This
elementary approach was adopted as an interim measure, aimed at arousing public awareness as
soon as possible. At the same time, efforts were initiated to develop a simple method of
estimating the following day's exposure risk. The most direct method examined was to adjust the

-
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exposure recorded on the current day, to allow for the change in cloud cover from that observed
on the current day to that forecast for the following day. Unfortunately, these efforts have run
into difficulties.
Firstly, it became clear that the three main station biometers on which the research was based, and
which had been purchased at different times, showed significant differences in their calibration
factors. Moreover, the factors had changed during the period of about two years on which the
research was based. A new biometer detector was obtained recently, to be used as a reference for
maintaining the standardization of the station biometers. Comparisons carried out in May 1997
confirmed that there were differences of as much as 40% between the reference and station
biometers. The latter have been adjusted, and attempts will be made to rationalize past biometer
records; the continuous records of global and diffuse solar radiation available for the main
stations could be of use in this work. It is assumed that the calibration factor of the new detector
is traceable, through Solar Light's reference instruments, to the intercomparison of erythemallyweighted UV radiometers held in Helsinki in June 1995.
Secondly, there are technical difficulties in producing an adequately reliable forecast, using the
limited facilities available. For example, although total ozone measurements are made whenever
possible at Irene and Springbok, the results become available in the Central Forecast Office far
too late to be used in routine forecasting.
Thirdly, there is the sociological difficulty of presenting the forecast in simple terms which can
be understood and applied by a populace, most of whom have a limited cultural background in
such matters.
It is hoped that, by participating in the present meeting, the South African Weather Bureau will
learn how to overcome these difficulties.
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The Swiss UV Radiation Monitoring Network
A. Heimo 1, R. Philipona2 and C. Frohlich 2
1Swiss Meteorological Institute, CH-1530 Payerne
2Physikalisch-Meteorologisches Observatorium,
World Radiation Center, PMOD/WRC, CH-7260 Davos Dorf

1. Introduction
During the last years, concerns about the intensity levels of UV-B radiation reaching the
ground have increased, due to the stratospheric ozone depletion and to the dramatic increase in
the number of skin cancers in the population. The relationship between the total amount of
ozone and the UV-B radiation in the atmosphere is relatively well known, but there is now an
increased need to improve our knowledge of the physics and of the climatology of the UV-B
radiation. Priorities have to be put on the study of the characteristics of the direct and diffuse
components of the UV-B radiation, the influences of cloud cover, ground albedo, amount and
type of aerosols in the atmosphere and tropospheric ozone, in dependance of the altitude of the
site and the sun position.
A major effort is presently being made in Switzerland for the creation of a new radiation
network CHARM (Swiss Atmospheric Radiation Monitoring) including measurements of the
solar global and direct irradiances, of the UV-A, UV-B and IRradiation, and of the spectral optical depth at three/four, resp. twelve wavelengths. Visual observations of the cloud cover are
available at most of the chosen sites as well as informations from the swiss automatic meteorological network. For UV-B radiation, the final goal of CHARM is to build a network of eight to
twelve operational stations located at various sites in Switzerland, representative for high and
low altitudes, urban and rural environments, at the north and south sides of the Alps.
At present time, measurements are performed by Robertson-Berger instruments (Biometers
501, Solar Light CO) for the global, diffuse and direct UV-B components. This type of sensor
is now widely used for network purposes, though it has the disadvantage of measuring within a
filtered UV-B spectral range following approximately the erythemal "action curve" (UV-ERY).
As precise absolute calibration of such instruments is therefore difficult to realize, the sensors
have been carefully compared to a national "reference" instrument kept at the PMOD/WRC,
yielding therefore a "relative" calibration for the network.
UV-Precision Filter Radiometers (UV-PFR) measuring at 4 narrow-band wavelengths are
presently developed at PMOD/WRC and will be implemented in a second phase of the project.
UV -PFR provide only selected spectral resolutions, that are aimed for very accurate and stable
measurements.

2. Network configuration
The basic network will ultimately include eight stations whose geographical locations are
shown in Table 1. The important test facility in operation at the Weissfluhjoch (altitude 2580
m.a.s.l, above Davos) is not mentioned in Table 1, as well as an existing single-instrument station at Tschuggen (2040 m.a.s.l, above Arosa). Another two stations could be implemented at
altitudes of 1000 and 3000 m.a.s.l, depending on the supplementary information which might
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be needed in view of the first results obtained from the basic network. Table 1 shows that:
-the stations' altitudes are ranging between 366 and 3580 m.a.s.l.;
-three stations are located within the Alps (Davos, Arosa and Jungfraujoch), one on the Jura
mountains (La Dole), three on the Swiss plateau north of the Alps (Changins, Payerne and
Zurich) and one south of the Alps in the Tessin valley (Locamo);
- two stations are located almost one above the other with an altitude difference of about
1200 meters (Changins, La DOle);
-two stations are located in a more or less rural environment (Changins, Payerne) while the
stations Zurich and Locamo can be defined as urban sites.
Station

Height m.a.s.l

Latitude North

Longitude East

Installation

Locarno

366

46.18

8.783

1997

Changins

430

46.4

6.233

1998

Payerne

491

46.815

6.944

operational

Zurich

556

47.38

8.57

1998

Davos

1610

46.815

9.846

operational

La Dole

1670

46.43

6.1

1998

A rosa

1847

46.783

9.675

operational

Jungfraujoch

3580

46.55

7.98

operational

Table 1: Locations of the UV-B network stations from CHARM

Table 2 displays the measurements that are or will (*) be performed:
Instrument

Parameter

Direct solar irradiance

Absolute radiometer PM06 PMOD/WRC

Total optical depth

PFR at 368, (412}, 500, 778/862 nm PMOD/WRC

Direct UV-ERY irradiance

Solar Light Biometer

Diffuse UV-ERY irradiance (when possible)

Solar Light Biometer

Global UV-ERY irradiance

Solar Light Biometer

Global UV-A irradiance

Solar Light UV-A detector

UV-B direct spectral irradiance (special stations)

*UV-PFR at 303, 311, 319, 340 nm PMOD/WRC

UV-B sky spectral irradiance (only at Jungfraujoch and
Davos)

*UV-PFR at 303,311,319,340 nm PMOD/WRC

Cloud observations

Visual

Table 2: CHARM network measurements

3. Preliminary results
In order to illustrate the potential of the CHARM network for the study of the variability of
the UV-ERY radiation, the following cases are presented.
First, a period of 7 consecutive clear days (7 -13 March 1997) is chosen, characterized by a
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decrease of the ozone amount from 314 DU on the 7th to 261DU on the 11th and followed by
an increase up to 294 DU on the 13th. Figure 1 displays the global UV-ERY intensities measured at the stations Jungfraujoch and Davos for this period. They are plotted as function of the
time (UTC). The mean daily ozone amounts, measured at the neighboring ozone station Arosa,
are indicated above the curves.
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Figure 1: Global UV-ERY global radiation measured at the Jungfraujoch (-)and Davos (-.-)stations during the
period 7-13.3.1997. The mean total ozone amount [DU] is indicated above the curves.Due to the cloud
cover, the 9 March is not included in the analysis.

The maximum daily global intensities are 0.132 resp. 0.107 wm- 2 for Jungfraujoch and Davos on the 7th, and 0.179 resp. 0.147 for the same stations on the 11th. This leads to an altitude
effect of only about 11% per 1000 m for this period, probably due to the orographic characteristics of the sites. The ozone amount dependance is characterized by a 2% increase in the UVERY intensity for a 1% decrease of the ozone amount for both stations. This ratio represents a
higher value than would be usually expected [1]: a possible explanation could be the aerosol
optical depth measured at the Jungfraujoch which showed a sharp decrease between the 7th
(0.029 at A= 500 nm) and the 11th (0.014 at A= 500 nm) [2].
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Figure 2: Global, direct and diffuse UV-ERY radiation on the 8.4.1997 for the stations Jungfraujoch (- ),
Davos (-.-)and Payerne (~-).
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A second example is displayed on Figure 2 for the 8 April 1997 where a clear weather situation was present over the whole country: the global, direct and diffuse components for the stations Jungfraujoch, Davos and Payeme are displayed.
The following results for clear weather conditions can be found for this particular case:
-At solar noon, the ratio of the direct to the diffuse components reaches values of about 1.9,
1.2 and 0.8 for the 3 stations respectively.
- The ratio of the maximal daily global intensity reaches a value of about 1.1 between the
Jungfraujoch and Davos and about 1.5 between Davos and Payeme. The ratios for the direct component are 1.35 resp. 1.92 and for the diffuse component 0.84 resp. 1.28. The
discrepancy with the previous case (Figure 1) for the global intensity between the Jungfraujoch and Davos could be explained by different albedo values (new/old snow).

4. Future activities and conclusions
The remaining uncertainties highlighted by the previous examples show that additional
work is needed in order to develop more sophisticated algorithms for a precise UV-ERY forecast. Once completed, the network will yield sufficient information for a statistical study of the
altitude and regional dependance of the direct and diffuse components of the UV-ERY radiation, especially if stations located at 1000 and 3000 m.a.s.l. are included in the network.
It will also be possible to investigate the influence of the albedo surrounding the sites by
comparing the summer/winter periods for all stations apart from the Jungfraujoch which is surrounded by a glacier. Special specific measurement campaigns will probably be needed for a
thorough analysis of this particular effect.
Last but not least, the dependance of the UV -ERY radiation on the atmospheric aerosol load
will be investigated, as all the stations (will) perform parallel precise measurements of the direct
irradiance with absolute radiometers and of the optical depths at 3 (4) wavelengths (12 wavelengths at Jungfraujoch, Davos and Locarno).
Good quality forecasting of the UV-ERY radiation reaching the ground is a complicated
task for a country with complex topography and marked climatic regional differences. The implementation of a comprehensive measurement network is therefore a preliminary condition for
the control of the existing and the improvement of the present and future forecasting algorithms.
Examples of the potential of the CHARM network in its present state have been presented
as well as the available information potential. The future activities will focus on the completion
of the network and, most of all, on the statistical study of the influence of Clouds on the UVERY radiation.
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ZENITH ANGLE CORRECTION FACTORS FOR BROAD-BAND
INSTRUMENTS
Stephen Wengraitis and David H. Sliney
Laser/Optical Radiation Program, US Army Center for Health Promotion and Preventive
Medicine, Aberdeen Proving Ground, MD 21010-5422
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INTRODUCTION
The Ultraviolet Radiation (UVR) Index is measured each day at solar noon. Due to the
curvature of the Earth, the angle of the sun with respect to zenith (hereafter referred to as the
"solar zenith angle") will vary at different locations, at solar noon. Our program has
performed solar UVR measurements with broad-band instruments with a Lambertian
response 1•2, and we found it necessary to develop correction factors which varied with solar
zenith angle. We also performed studies to determine whether the same correction factor
could be used for UVR measurements of the different parts of the sky.
Figure 1 compares global solar UVR measurements performed since 1994 with Green's
ModeP, assuming an ozone column of270 and 330 Dobson Units. The measurements
disagree with the model predictions by as much as a factor of two. The total column ozone
varied for the measurements; however, only two data points had total column ozone less than
270 Dobson Units. The shaded measurements were performed under clearest sky conditions,
and the remaining measurements were performed with mostly-clear sky conditions. This
figure shows the need for the development of a correction factor for these instruments.

1.11------------------!..-...1
•
70

10

10

Figure 1. The measured UVR data are compared with Green's Model at 270 and 330 Dobson
Units.
We recognized that the broad-band instrument spectral response does not perfectly match the
biologic action spectrum, and we developed correction factors for the solar UVR
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measurements at these zenith angles. To develop these correction factors, first, comparisons
were made between the broad-band instrument data and double monochromator data taken at
the same time. Second, comparisons were also made between the broad-band instrument data
and Green's Model. An analysis was also made ofthe spectra of different parts of the sky, in
order to determine whether the same correction factor could be used for all types of solar
UVR measurements.

MATERIALS AND METHODS
The UVR data in this study were collected using the following instruments: an Oriel Model
7244 double monochromator spectroradiometer, and two International Light IL1400 detector
instruments, using Model SEL240 actinic detectors. The correction factors were developed
as follows:
Table 1 -Summary of correction factor development methods
Type of Measurement
. Performed with BroadBand Instrument

Comparison Used to Develop the Correction Factor

Global Irradiance

Global irradiance predicted by Green's Model

Direct Irradiance

Direct irradiance measured by the double monochromator, or
Direct irradiance predicted by Green's Model, if double
monochromator was not available

Diffuse Radiance

Diffuse radiance measured by the double monochromator, or
Total diffuse irradiance predicted by Green's Model, when the
double monochromator was not available

The UVR measurements were performed under clear-sJ<.y conditions, with no clouds and
minimal haze on the horizons. To further minimize the effects of aerosols and atmosphere
pollutants, no data included in this study were taken after 2:30PM. We also consulted the
day long plots of the solar UVR recorded by two roof-mounted Solar Light 501 RobertsonBerger meters, in order to ensure that clouds did not affect the study. .
Green's Model required the solar zenith angle ( 0 ) , total colttmn ozone (Dobson Units), and
altitude above sea leVel (km) as input. The solar zenith angles were measured, and verified
using the Multiyear Interactive Computer Almanac, an astronomical calculation program
from the U.S. Naval Observatory. The total column ozone data were obtained from NIST in
Gaithersburg, Virginia, (roi:nNOAAin Wallops Island,Virginia, and from NASA Meteor-3
Total Ozone Mapping Spectrometer (TOMS) satellite reports obtained from the Internet. The
altitude at Weide Army Airfield near our buildi~g is .approximately 20 feet.
Spectral distributions of the Overhead Zenith sky, North sky Gust above the horizon) and
Direct sun were measured in the 290-400 nm range, using the Oriel Model 7240 Double
Monochromator system.
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RESULTS
The correction factors generated for the global, direct and diffuse UVR measurements were
plotted as a function of solar zenith angle, and interpolated lines were generated using
Statistica version 3.1. The corrected Global Effective Irradiance data are shown in Figure 2.
Nearly all of the data agree with model predictions within 20%; most of the measurements
performed under pristine clear-sky conditions agree with model predictions within 10%.
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Figure 2. Corrected Global Effective Irradiance data are compared with Green's Model at
270 and 330 Dobson Units. Nearly all of the data agree with model predictions within 20%;
most of the measurements performed under pristine clear-sky conditions agree with model
predictions within 10%.

The spectral analysis of the North sky, Overhead zenith sky, and Direct Sun are addressed in
Figures 3 and 4. Figure 3 shows that the radiance ratio ofthe Overhead Zenith and North
skies approached 1.0 during the afternoon measurement:
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Figure 3. The radiance ratio ofthe Overhead zenith and North skies approached 1.0,
which implies that the same correction factor for the North sky may be used for the
Overhead zenith sky.

As such, the diffuse correction factor developed in this paper could be used for both low
-
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horizon-sky and overhead-zenith UVR measurements. Figure 4 shows, however, that the
radiance ratio of the Direct Sun to the other parts of the sky increased toward the longer
wavelengths in the UV -A band. This implies that any variation in the actinic filters toward
the longer wavelengths of the UV-A band would result in a greater overresponse in the Direct
measurements than the Diffuse measurements. If the actinic filters varied in the UV -B range,
then the Direct and Diffuse correction factors would agree more.
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Figure 4. The radiance ratio of the Direct Sun to the Overhead zenith and North skies
increases toward the longer wavelengths. This implies that an overresponse in the UV-A
band would lead the Direct correction factors to be more strongly weighted than the diffuse
correction factors. An overresponse in the UV-B band would lead to the Direct and Diffuse
correction factors agreeing more.

CONCLUSIONS
This study shows that it is possible to obtain accurate solar irradiance and radiance
measurements with broad-band instruments, if correction factors are developed from
comparisons to spectroradiometers and verified models. In our study, the correction factors
not only varied with the solar zenith angle, but also according to the type of measurement
(global, direct or diffuse).
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UV-index on a horizontal surface
It can be argued that the UV-index definition should be relevant to an inclined surface - and
where a horizontol is used that should be specifically stated - instead of the other way round.

UV-index numbers come in forecasts based on ozone and weather parameters put into
theoretical model calculations. Or the UV-index come in reports from measurements with
various types of instruments. The UV -index is relevant to and defined for a horizontal surface unless otherwise is specifically stated. The models are designed to calculate UV on a horizontal
ground level, and the instruments verifying the models for practical reasons have their detectors
fixed pointing upward towards zenit.

How solar UV at noon varies with latitude and season
Solar UV Index
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Figure 1. Typical monthly and latitudinal UV-index values valid for a horizontal surface
calculated with a radiation transfer model (provided by Dr E. Weatherhead), normal ozone data
for respective latitude and season (W. Josefsson 1986), and CIE's erythema action spectrum.
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An illustrative example of clear sky UV-index values on a horizontal surface at a number of
latitudes and seasons is shown in the figure 1 above. It should be noted that summer UV -index
(5-7) at latitudes of the nordic countries are half or more of the UV-index (10+) at latitudes
closer to the equator. The diagram also illustrates how small the difference in UV-index is in
summer between mid- and equatorial latitudes.
The UV-index is health-hazard related and an information to the public about solar UV
strength. With exception for devoted tanners on the beach, people usually walk or sit up-right.
The most exposed body surfaces seldom are flat horizontal surfaces. In countries at high
latitudes but also in southern countries a horizontal surface may not generally be an optimal
choice for the UV-index.
It should be noted from SMHI/s following calculations and the discussion of UV..:..index on a
sloping surface by W. Josefsson, that UV-index numbers consistently calculated for optimally
sloping surfaces will result in a reduced north-south latitude gradient of the UV -index. The
effect is pronounced with snow covered ground. However even without snowcovered ground
there may be up to a 20 percent increase in UV on an inclined surface at northern latitudes
and/or a solar elevation of 30• - and less at southern latitudes or higher solar elevation. This
means that at northern latitudes with horizontal UV-index in a low range (3-4) the index may
have to be adjusted 20% upward by one unit. It also means that moderate and some higher range
UV -index numbers at intermediate latitudes may need to be raised by about one unit (if a
smaller 10% correction is assumed). Adjusting UV -index for optimally inclined surfaces has the
effect of bringing UV -index numbers of all latitudes closer to numbers at the equator.

UV-index on a sloping surface

In the presence of snow at high latitudes or altitudes the UV -index should be computed for a
sloping surface. There may be a considerable difference in the UV -index for a sloping surface
compared with the one computed for a horizontal surface. To illustrate this an exainple is given
in Figure 2. A simple model has been used assuming clear sky, free horizon, solar elevation of
30•' and two alternative values of t~e ground_ reflectance representing bare and snow covered
ground. The relative UV -index, given in percent, is computed for various slope angles. The
surface is being tilted having the azimuth versus the sun and 100% corresponds to the UVindex
for a horizontal surface with bare ground. The tilting starts at a horizontal position (=0) and
proceeds until the surface is facing the ground (=180).
Some interesting features may be observed. For the bare ground case there
. is first an inerease of
the UV by tilting the surface towards the sun. · In this example the maximum UV is reached
when the surface is oriented towards a point somewhere in-between the zenith and the sun.
Nearly for all sloping angles between the horizontal and a vertieal position (=90) the UV will be
larger than for the_ horizontal. A downward facing surface will receive a dose depending on the
surfacereflectance in this example for the bare ground less than 10%.
.

The case with snow covered ground does not .start at 100%. This is due to the increase of
radiation caused by multiple reflections between the ground and the atmosphere, which in this
example will cause an increase in the radiation by 25% for a horizontal surface compared to the
bare ground case. This difference may be ·experienced in mountainous regions when passing
from bare ground and entering a wide glacier.
·

-
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Another notable difference is the overall higher level for all angles of slope. In particular for the
downward facing smface, which actually receives as much radiation as a horizontal upward
facing smface would do for a bare ground. Snow-blindness can be easily understood. There is
no direction with low UV. The maximum UV also occurs at a point eloscr to the horizon, which
also will increase the potential effect on the eyes.
Therefore, at sites having snow-cover, the UV-index should refer to the maximum value for an
optimally sloping surface to give relevant information on the hazardness.
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Figure 2. Relative UV -index for a sloping surface with azimuth towards the sun, free horizon,
clear sky and a solar elevation of 30•. Two cases: bare and snow covered ground. All values
refer to a horizontal surface and bare ground(= 100%).
Action Spectrum influence
If the public reading UV -index reports from various parts of the world do not underestimate
summer solar strength at northern latitudes it is good. But if the public starts to distrust the UVindex because it is perceived as almost the same everywhere, or if media and public, often
environmentally oriented, find that reported local and temporary ozone depletions do not
manifest themselves in the UV-index- then this information tool is jeopardized.

UV-index in Sweden is since 1995 formulated using the CIE reference action spectrum for UVinduced erythema in human skin. However in 1993, when Sweden started to issue UV-index
forecasts to the public, another standardized and widely used action spectnun - adopted by
ICNIRP (IRPA 1991) and several other organisations - for evaluation of UV-hazards to both
the human eye and skin was used for formulation of UV -index in Sweden. The ICNIRP action
spectrum has a steeper decline in relative response in the UVB spectral region as the wavelength
increases and higher sensitivity to stratospheric ozone variations and to solar elevation.
The UV-index is intended to inform the public about health related solar UV hazards including
late adverse effects i.e. skin cancer. The global solar UV-index of WHO/WMO is defined with
the CIE action spectrum for inducing erythema in human skin (McKinley 1987). Other action
spectra have been discussed as relevant for photocarcinogenesis. Photobiologists often use a
DNA-damage action spectrum from 1974 by Setlow. De Gruijl and van der Leun have
introduced an action spectrum (SCUPh) for induction of squamous cell cancer in humans.
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Setlow has recently established a melanoma action spectrum for a type of fish. Photobiologic
research has not yet derived an action spectrum for the induction of malignant melanoma in
human skin. However that may come in the future and necessitate a discussion to change the
action spectrum formulating the UV -index.
Figure 3 below illustrates as an example how the latitudinal gradient of the UV -index may vary
at different seasons due to two different action spectra.

UV index with the CIE & ICNIRP action
spectra. (Normalized: CIE = 4xiCNIRP)
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Figure 3. Seasonal and latitudinal UV -index values derived from two standardized UV -hazard
and erythema action spectra and valid for a horizontal surface calculated with a radiation
transfer model (same as in fig 1), and normal ozone data for respective latitude and season.
The figure 3 illustrates that it is possible to convert a UV -index scale defined with one action
spectrum into a UV -index scale defined with another steeper action spectrum in such a way that
the resulting values for a large latitudinal region will remain practically the same as before. Only
the latitudinal extremes of the equator and the arctic will get noticeably higher or lower UVindex values respectively. This may be of interest if a change of action spectrum for the UVindex definition needs to be discussed.
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It is clear from measurements of the concentrations of ozone depleting substances (ODS) in the

atmosphere [Montzka et al., 1996; Simmonds et al., 1996] that the Montreal Protocol has had
an effect and that the burden of halogens that could be transported to the stratosphere is now
falling. However, unless the reductions in use and emissions already canied out by the developed
world are maintained, it is likely that the growth allowed under the Montreal Protocol will extend
the period of high halogen loadings and so delay recovery of the ozone layer. The potential for
such delay is examined here.
Figure 1 shows the maximum rate of recovery that would happen if, from now on, there were no
further emissions of compounds that could transport chlorine or bromine to the stratosphere. For
the purposes of this calculation, bromine was taken to be 46 times more effective in ozone
destruction than chlorine [SORG, 1996] but this was the only factor applied and the same halogen
in all source gases was assumed to be equally potent. The figure shows equivalent tropospheric
chlorine loading; this would translate into a stratospheric concentration after a delay of
approximately 3 years. The atmospheric concentrations measured by Montzka et al. ( 1996) were
projected into the future in a single box model with decay at the atmospheric lifetimes given in
Solomon and Wuebbles (1994). The Antarctic ozone hole first appeared when total halogen
loading was region 2800 ppt, and the earliest that the atmospheric concentration could return to
this level is about the year 2030.
This scenario is unrealistic since it would require an immediate stop to utilising ODS and their
removal from all systems followed by destruction without any leaking to the atmosphere. Simple
economics will militate against such draconian measures. It is estimated that the cost of phasing
out ODS on the present schedule is US$37billion [Vogelsberg, 1997], making a more rapid or
extensive phase out very unlikely.
On the other hand, utilisation of the full allowances under the Montreal Protocol is just as
unlikely. It is already clear that CFC phase out has been faster than the Protocol required [Prather
et al, 1996], furthermore methyl chloroform is no longer produced for dispersive uses although
the Protocol would allow substantial production [European Chlorinated Solvents Association,
personal communication]. At the same time, the usage ofHCFCs has not increased to the same
extent as the reduction in CFCs [AFEAS, 1997; McCulloch and Midgley, 1997].
Figure 2 shows the maximum credible halogen loading assuming that:
all ofthe present banks ofODS in systems are released,
the developing world uses CFCs, carbon tetrachloride and methyl chloroform to the
maximum allowed,

-
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illegal production of CFCs continues at the current estimated rate and
the developed world uses HCFCs up to the maximum under a 2. 8% cap and the
developing world consumes an additional 1/3 as much again.
Historic emissions of all chlorine containing ODS were calulated from the changes in their
measured atmospheric concentrations; production was calculated from AFEAS ( 1997), with
additional production in developing countries from UNEP ( 1997) and the unreleased bank was
calculated by difference. Future emissions were projected as a percentage of each bank at current
rates until all had been released. The developing world (in the terms of the Protocol "Article 5
Countries") was assumed to produce and consume CFCs and methyl chloroform until 2010 at the
maximum rates allowed (even though this exceeds current capacities. and there is no evidence
from UNEP (1997) of significant increases). lllegal production and smuggling ofCFCswas set
at 30,000 tonnes/year until2000; both parameters are arbitrary, the quantity is three times that
identified in press reports and it is assumed that demand in the developed world will have abated,
and the users would become more obvious, by the turn ofthe century. The cap on HCFC
consumption applies only to developed countries and so HCFCs were projected on IPCC scenario
IS92a [Schimel et al., 1996], which exceeds the cap by about 30%.
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Emissions ofHalons were calculated similarly, at current rates from the unreleased banks but, for
methyl bromide, the reduction in controlled production was assumed to translate into an
immediate reduction in emissions. However, only about 10% of the methyl bromide flux is
covered by the Protocol; the remainder being uncontrolled anthropogenic releases (for example
from motor vehicle exhausts) or natural [SORG, 1996].
Under this scenario, return to pre-ozone hole levels of halogens would be delayed until2050. It
is suggested that the true future loadings will lie between the extremes but that halogen levels will
remain close to the current values for several years and will remain elevated for most of the first
half of next century.
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Figure 2. Maximum Equivalent Halogen Loading Scenario, cumulatively by compound, as in fig.
1 above.
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CART Regression Models For Predicting UV Radiation at The Ground in
the Presence of Cloud and Other Environmental Factors
William R. Burrows
Meteorological Research Branch, Atmospheric Environment Service, Downsview, Ontario,
M3H 5T4 Canada (e-mail william.burrows@ec.gc.ca)

This work was published (Burrows, 1997). The abstract follows.
The goal was to build models for predicting ground-level biologically-weighted
ultraviolet radiation (UV -Index, shortened to UV here) that would not require substantial
execution time in weather and climate models and yet be reasonably accurate. Recent
advances in modeling data make this goal possible. UV data computed from Brewer
spectrophotometer measurements at Toronto were matched with observed meteorological
predictors for 1989-1993. Data were stratified into three sets by solar zenith angle 70 degrees
and time between 1000-1400 LST. Stepwise linear regression (SLR) and CART (nonlinear)
tree-based regression models were built for UV and N(UV) (ratio: observed UV to clear-sky
UV). CART models required fewer predictors to achieve minimum error, and that minimum
was lower than SLR. For zenith angle less than 70 degrees CART regression models were
superior to SLR by 5-10% error after regression. The CART model had 31% relative error
(ratio: estimated mean-squared error after regression to sample variance) and three predictors:
total opacity, liquid precipitation, and snow cover. Including five next predictors decreased
error only another 1%. For zenith angle 70 degrees or greater SLR could not produce a useful
model, whereas CART gave a model with 15% relative error using three predictors. Total
opacity is by far the most important predictor throughout. Snow cover enhances UV at the
ground by 11-13% even in cloudy conditions but its relative influence decreases with zenith
angle. For general use at other locations models with as few predictors as possible are
desirable. CART models with 34-35% relative error were built with three predictors: total
opacity, zenith angle, and clear-sky UV. Tests were done at 11 stations for several months in
1995. Averaged root-mean-squared discrepancy between predicted and observed UV was
reduced about 40% when observed opacity is used for the CART prediction compared to
using clear-sky UV. When an 18-hr forecast opacity is used the reduction is about 25%.
Improvement over clear-sky UV is substantially greater than this on cloudy days. Thus,
CART three-predictor models for N(UV) can be used poleward of Toronto in a variety of
cloud conditions in analysis or forecast modes. A predictor representing smoke from forest
fires was not included. Several cases during the test period showed clear-sky UV was reduced
30-50% near to the fires, and 20-30% by smoke aloft far downwind.
REFERENCE
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Calculation of surface UV irradiance and UV Index
with ERS-2/GOME and NOAA/ AVHRR Data
R. Meerkoetter and B. Wissinger
Institute for Physics of the Atmosphere, DLR Oberpfaffenhofen, Germany

Introduction
A satellite based method for deriving spatial distributions of erythemally weighted UV
irradiance at the surface has been developed at DLR. The effects of ozone column amount
and cloud optical thickness on UV were taken into account by the combined usage of
the new European-Space-Agency's GOME (Global-Ozone-Monitoring-Experiment) sensor
onboard the European-Research-Satellite-2 (ERS-2) and the NOAA/ AVHRR instrument,
respectively (Meerkoetter et al., 1991). In principal, this method allows to derive spatial
distributions of the UV Index, too. Aim of this paper therefore is to introduce and to
illustrate the procedure for mapping UV Indices. The paper includes a brief description
of the method, gives two examples for UV Index maps and it finally presents results of
a comparison between satellite derived UV irradiances and surface measurements under
cloud free conditions.

Method
The UV irradiance at the surface is calculated indirectly by using actual satellite measurements of the main UV affecting atmospheric parameters as input for a data base which
contains the results of radiative transfer calculations for various atmospheric conditions.
The main UV affecting parameters ozone column, solar zenith angle, and cloud optical
thickness have been varied in a wide range while for the other UV affecting parameters
aerosol optical depth and surface albedo the present version assumes the constant values
6 = 0.2 and p = 0.03, respectively. The UV data base has been generated with a radiative transfer model based on the matrix-operator-theory. Spatial distributions of UV
irradiances at the surface are then obtained with a program that relates satellite measured cloud optical depths and ozone column amounts to model calculated UV spectra,
multiplies them with the CIE response spectrum (McKinlay and Diffey, 1981), and finally attaches these UV irradiances to AVHRR pixels. The procedure accounts for the
actual solar zenith angle in each pixel of a test area. Surface UV irradiances are calculated at the local overpass time of the NOAA satellite under the assumption that ozone
column contents do not change between the local overpass times of the ERS-2 and NOAA
satellites.
Cloud optical thicknesses are obtained from an AVHRR Processing scheme named
APOLLO (Saunders and Kriebel, 1988) which identifies cloud filled pixels, establishes
their cloud reflectances and relates them to cloud optical thicknesses in AVHRR-channel
1 (0.58j..im-0.68J-tm) by means of a parametrization scheme. Partially cloud filled pixel are
treated as cloud free pixel in this version. The UV data base accounts for the conversion
of cloud optical thicknesses in the visible to those in the UV spectral range.
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Examples of UV Index maps
Figure 1 and 2 show horizontal distributions of cloud optical depths and derived UV
Indices on the two days 22. July and 13. August 1996 in a region approximately covering
the area of Southern Germany. Whereas the atmosphere appears mostly cloud free on
22. July, inhomogeneous cloud cover characterize 13. August. The ozone column amount
underlying these Index maps are 319 DU (22. July) and 341 DU (13. August). They
result from simple averaging the values of selected GOME-pixels which cover the test area.
Maximum deviations from the mean total ozone columns are about ± 3% on 22. July
and ± 2% on 13. August in this region. Due to a rather fiat surface topography inside
the test area between about 300 m and 700 m altitude and for the purpose of illustration,
a value of 500 m has been chosen for computing these UV Index map examples.
The Figures 1b and 2b show UV Indices varying in a range from 5 to 8 on 22. July
and in a range between about 1 and 6 on 13. August, the cloudy day. As can be seen, UV
Indices decrease in regions where cloud optical thicknesses increase, a nice demonstration
on how the method accounts for the influence of the horizontal distribution of the optical
depths of the clouds.

Comparison with surface measurements
In case of the cloud free day 22. July, satellite derived erythemally weighted UV irradiances have been compared with surface measurements at two different ground stations: the
Fraunhofer Institute for Atmospheric Environmental Research at Garmisch-Partenkirchen
(abbreviated as GP in the following) and the ground station of the German-WeatherService at Hohenpeissenberg (abbreviated as HPB in the Figures). GP is located about
35 km south of HPB outside the test area. The surface altitudes of GP and HPB are 730
m and 970 m, respectively. The surface measurements at GP were performed with a spectroradiometer that uses a Bentham TDM 300 double-monochromator (Seckmeyer et al.,
1996), whereas HPB used a routine Brewer-Spectrometer (No. 10, single-monochromator)
in addition with a stray light correction. For the comparison, the ozone column amounts
of those GOME-pixels have been selected which contain the corresponding ground station. The GOME ozone column amount in the GP-pixel was 317.6 DU and 318.8 DU in
the HPB-pixel.
The erythemally weighted UV irradiance measured at GP was 171.6 mwm- 2 • At
HPB, only the UV-B part of erythemally weighted irradiance was measured and it is 139.9
m wm- 2 on 22. July. By taking into account the correct surface altitudes of the ground
stations and the actual solar zenith angles, our method calculates UV irradiances of 179.3
mWm- 2 for GP and 146.2 mwm- 2 for the UV-B part at HPB which in turn correspond
to relative deviations of about 4.5% to both ground measurements in this case.

Concluding remarks
A method based on satellite data has been developed which allows to derive spatial
distributions of surface UV irradiances and UV Indices including the effects of clouds by
the combined usage of ERS-2/GOME and NOAA/ AVHRR data. Examples of horizontal
distributions of UV Indices which have been derived for a small test area in Southern
Germany demonstrate the ability of the method. Of course, UV Index maps can be
derived for larger areas as, for example, a region comprising entire Europe. In this way,
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our method may also contribute to analyze UV Index maps which result from forecast
models and which are intended to be disseminated to the public.
A further refinement of the method will focus on establishing a topography model
in an adequate resolution. In addition, a method giving the actual aerosol optical depth
by use of ATSR, AVHRR and GOME data is under development. For further validation,
however, more extensive data sets relating satellite and surface UV measurements must
be set up and analyzed, especially with respect to cloudy conditions.
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Empirical model relating UV -B radiation
to global radiation in Israel
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Technion, Faculty of Medicine
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Rambam Medical Center, Haifa

Introduction

The recently observed globally rising trend of biologically detrimental
ultra-violet radiation (UV-B) levels, caused primarily by the depletion of
stratospheric ozone, is a matter of deep public concern. Strong evidence exists
of high dose response relationship between cancer and exposure to UV- B.
Age-adjusted mean annual incidence rates of non-melanoma skin cancer and
melanoma in Israel increased more than three-fold in 30 years. Increased
exposure to UV-B is correlated with the occurrence of cataract. corneal
irritation and damage to the retina. Concern is also growing that increased
levels of UV-B may be capable of activating viruses and have immunologic
effects that might exacerbate infectious diseases including herpes viruses and
the human immunodeficiency virus ( HIV).
Real-time information on UVR levels (UV-B, UV-A), predictive capability
and UVR climatology assessment on a regional basis, are thus essential for
deciding the length of time spent in outdoor activities and the need for sun
screening and/ or appropriate clothing. Moreover, exposure to UVR is used as
therapy for various dermatological diseases, especially in areas with extremely
large optical depths such as the Dead Sea area and Tiberias. Knowledge of
existing UVR Levels and their trends is essential for prudent medical advice.
A comprehensive study on the synopsis and climatology of UV-B radiation
levels, as well as on the biomedical effects of UV-B. was launched recently in
Israel, in close cooperation between the Israel Meteorological Service, The
Technion - Israel Institute of Technology. and the Rambam Medical Center in
Haifa. In the present paper the results of the first stage of this study are
summarized.

2. Model development
A one-year continuous record of UV-B radiation carried out in Kefar Tabor,
a rural area in Israel at an altitude of 145 m above MSL, measured concurrently
with global solar radiation, was used to develop an empirical model capa.ble of
deriving the UV-B radiation, in terms of a UV -Index and/ or Mean Erythemal
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Dose (MED/Hr), from the measured global radiation.
The UV-B radiation was measured by a Yankee Environmental Systems
UV-B photometer, whereas the global radiation was measured concurrently
by using an Eppley Lab PSP Pyranometer. Both sensors were logged by a
Campbell Scientific CR-10 Data Logger. Hourly averages of UV-B and global
radiation were recorded in units of watts/m 2 , r~pectively.:
In relating the UV-B surface fluxes to the global solar radiation the following
factors should be considered:

- the UV- B flux is .a relatively small fraction of the global radiation.
- the absorption and scattering characteristics of the atmospheric
components (e.g. optical air mass, gaseous and aerosol matter and
clouds) affect differently the UV-B and other spectral components
of global radiation. Obviously, Rayleigh and Mie scattering are much
stronger for the UVR portion of the spectrum.
- a seasonal trend could be expected in the above relationship.
- a non linear relationship should be expected between the UV-B
surface flux and the global radiation, calling for a polynomial fit.
Based on the above considerations the empirical models were developed for
each month separately, using a non-linear regression procedure provided by
the Statgraphic statistical software package.

3.

Results

The scatterplots of the observed hourly UV-B radiation values versus the
corresponding global radiation values in Kefar Tabor, during two months
representing the winter season (December) and summer (June), respectively,
are shown in figure 1. The scatterplots exhibit an obviously non-linear
relationship, for the two seasons, as well. The observed hourly UV-B values
were regressed on the corresponding observed values of global radiation by
fitting a polynomial of the third order:

The shape of the fitted curves, the values of the coefficients, as well as the
statistics describing the goodness-of-fit are shown in figure 1 for the two
months, respectively.
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Model fitting results for: December 1995
Independent variable

coefficient std. error

t-value

sig. level

TBNZ1295.G TBR
TBNZ1295.G-2 TBR
TBNZ1295.G-3-TBR

0.001122
0.000224
5.569158E-7 1.196252E-6
1.589032E-9 1.524683E-9

5.0179
0.4656
1.0422

0.0000
0.6418
0.2981

R-SQ. (ADJ.)

~

0.9497

SE=

0.130504 MAE=

0.069338 DurbWat= 0.584

341 observations fitted, forecast(s) computed for 0 missing val. of dep. var.

Model fitting results for: June 1996

-------------------------------------------------------------------------------coefficient std. error
t-value sig. level
Independent variable
-------------------------------------------------------------------------------0.0000
0.000728
0.000139
5.2536
TBR0696.G
TBR0696.G_2

3.775503E-6 1.682174£-7

22.4442

0.0000

-------------------------------------------------------------------------------0.259729 MAE=
0.187896 OurbWat• 0.969
= 0.9891 SE=

R-SQ. (ADJ.)

160 observations fitted, forecast(s) computed for 0 missing val. of dep. var.

Figure 1. Polynomial fit of UV-B radiation to global solar radiation
for December and June, and statistics of goodness-of-fit.
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Worthwhile noting is that a third order polynomial gives the best fit for
December, with a value of 95% of variance explained, whereas for June a second
order polynomial provides the best fit, with almost a 99% of variance explained
(R. SQ. Adjusted= 0.9891).
This model was then applied to the observed hourly values of global solar
radiation at nine stations of the Solar Radiation Network of the Israel
Meteorological Service (IMS), representing various climatic sub-regions in
Israel, to issue daily forecasts of UV-lndex for Israel by the Forecasting Center
of IMS. An example of such forecast is shown in table 1.
Table 1.

Daily forecast of UV -8 Index for eight regions in Israel based on observed
hourly values of global radiation. June 30. 1996

HOUR
LST
06:00
07:00
08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00

HOUR
LSi
06:00
07:00
08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00

4.

ZEMAH HAIFA T JERUS B DAGAN B SHEBA S BOQER SDOM
W/M-'2
73
203
397
567
757
859
902
878
808
688
:25
3.!1

147
25

W/Mi'2 W/M-'2
61
77
272
268
454
453
664
690
821
a67
921
952
964
992
944
972
869
890
734
737
544
473
230
324
1;;a
125
24
27

W/M-'2

7a

244
330
489
706

a46

901
915
84a
719
552
354

W/M-'2
a4
276
486
684
835
945
991
957
729
5.19

346
146

24

25

UV-!NDEEX

ZEMAH HAIFA T JERUS B DAG~N B SHE3A
0
-0
0
0
0
1

1

1

1

l

2

3

3
5

l
3

3
5

8
9
10

4

5
7
9
10

8
10

6
8

10

9

9
9

a
9
a
7
5

8
6

10
8
6

3

3

2
0

1
0

76
249
475
676
838
958
1006
996
910
765
574
363
16 2
27

871

133

6

-w;wz

10

3

8
6
4

8
6
4

1
0

2
0

2
0

S aOQER
-

0
1
3
5

a

10
11
10
9

6
4

2
0

ELAT

W/M"2
72
238
438
630

W/M"2
66
236
438
625
779

BOO
916
967
933

a26
5a1
515
31 i
126
19

aas

931
912
833
691
488
329
54

SDOM

ELAT

0
1

0

2
5

2

7
9

7
8
9
9

10
9
7
5

1
4

7
5

3

3

1
0

0

1
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Determination of UV indices within the EU-project ,Scientific UV Data
Management (SUVDAMA)"
G. Seckmeyer
Fraunhofer Insititute for Environmental Atmospheric Research,
Kreuzeckbahnstr. 19, D-82467 Garmisch-Partenkirchen, Germany

The overall goal of the SUVDAMA project is to initiate a scientific interpretation of the
existing ground based spectral UV measurements in Europe on the basis of an improved
understanding of the radiative transfer processes. This is realised by means of close
interactions between the modelling and the measuring scientific communities by
comparing the results of improved radiative transfer modelling calculations with qualitycontrolled UV measurements performed by stationary instruments at various sites in
Europe.
The participants are representatives from 12 European countries. This joint European
effort uses existing scientific and technological infrastructures to create a valuable
scientific environment for advancing our understanding of the UV climatology in Europe.
These activities will be carried out in addition to and in close cooperation with the WMOGAW programme. The proposed activities are an essential prerequisite for studying UVradiation effects on atmospheric chemistry and physics, human health, terrestrial and
aqueous ecosystems and materials.
The following objectives are addressed in this project:
to improve the existing radiative transfer models especially in cloudy and variable
sky conditions.
to develop the scientific tools to be able to offer valuable responses to specific
user's questions such as validity of geographically interpolated UV
measurements, trends of biologically weighted UV, daily UV-doses, seasonal
variations, etc.
to define the scientific tools and procedures for establishing an experimental
'database'for measured spectral UV-irradiance in Europe.
to define the type and the procedures for ancillary measurements and to continue
the implementation ofthe quality-assurance and quality-control procedures.
Since the UV index is proportional to noontime erythemal UV irradiance it can be
regarded as a special case for the determination of UV irradiance. Documentation,
derivation and prediction of UV indices will therefore be one of the results of the
SUVDAMA project.
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List of Principal Investigators of the SUVDAMA project:
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G. Seckmeyer
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A.Bais
F. C,a.ppellani
A. Siani
H. Kelder
H. Slaper
A. Kylling
B. Kjeldstad
A. 'Redondas
W. Josefsson

Fraunhofer-Gesellschaft e. V.
Germany
University of Innsbruck
Austria
University ofGraz
Austria
University .of Vienna
Austria
Institut d' Aeronomie Spatiale de Belgique Belgium
Finnish Meteorological Institute
Finland
Universite des SCienc.es et Tec . de Lille
France
German Weather Seniice
cGermany
British Antarctic Survey
Great Britain
University ofManchester
.Great Britain
Aristotle University of Thessaloriiki
Greece
Joint Research Centre
Italy
University ofRome
Italy
Koninklijk Nederlands Meteorologisch Inst. Netherlands
Nat. Inst. of Public Health and Environment Netherlands
NORUT Information Technol0gy Ltd.
Norway
University ofTFOndheim
Norway
Ins:tituto Nacional de Meteorolqgia
Spain
Swedish Met. and Hydological Inst.
Sweden

-

82 -

Country

Communication Newsletter
ALL, IFU, IASB, FMI

WorkshopsAll participants

Statistical Analysis
LAP,DWD

Experimental database
FMI, IASB, IFU, BAS, NORUT, RIVM, USTL

Quality Assurance I Quality Control
IFU, FMI, IASB, NORUT, RIVM,
SMHI, UG, UMIST

Data Submission
BOKU, DWD, FMI, IASB, IFU, INM, JRC, KNMI, LAP,
RIVM, SMHI, UI, UMIST, URO, USTL, UT

Modeling
NORUT, USTL, IASP, IFU, KNMI, RIVM,
DWD, INM, LAP, SMHI, UG

::::::

m

Fraunhofer lnsfitut

Research Group
Gunther Seckmeyer

Atmospharische
Umweltforschung

Wafter Allobar

- 83 -

Measurement of solar UV
Database Implementation
Modeling and Theoretical Questions

"

===m
w..rim
..M
~

Research Group

Fraunhofer lnstitut

Gunther Seckmeyer

Atmospharlsche
Umweltforschung

Waiter Allobar

- 84 -

Comparison of models used for UV index calculations
Peter Koepke
Meteorological Institute, University of Munich, Germany
( e-mail: peter.koepke@lrz.uni-muenchen.de)

The goal of the COST ( european COoperation in the field of Scientific and Technical research) action 713 "UV-B forecasting" is a standardized and proven method of providing
UV-B forecasts for the general public. The activities are spread over 4 working groups, one of
which is "Models for UV-B-forecast", which started with a model intercomparison.
Within the member states of COST 713, up to now Austria, Belgium, Czech Republik, Denmark, Germany, Greece, Finland, Italy, Poland, Spain and Switzerland, very different models
are in use for determination of UV-irradiances. 17 models took part in the intercomparison,
sometimes identical models run by different users. The idea of the comparison was not to determine which model calculates correctly, because the "truth" is not known. The idea was to
show deviations in the results, in the possibilities to run the models, and in the calculation expenses, which all together are essential for an operational model for UV index forecast..
The accuracy of modeled UV irradiances depends not only on the quality of the model (e.g.
empirical, simple spectral, multiple scattering), but also on the quality of the internal constants
of the model (e.g. spectral solar irradiance, absorption coefficients of ozone and other gases,
aerosol spectral radiative properties, height profiles, cloud algorithm) and on the quality of the
external data, i. e. the data describing actual or forecasted atmospheric conditions ( e.g. ozone
amount, cloud amount, aerosol content, surface albedo).
The quality of the external data, describing the atmosphere, is a separate question, and the
methods to forecast ozone and clouds are in progress. Thus the model intercomparison was
restricted to the models themselves, including the necessary internal data. As a consequence, a
set of data was given, which should be used, as far as possible in all models. These data were
choosen to cover a wide range of present and future atmospheric conditions. They were restricted to typical external data, with the consequence that all internal parameters were taken
as usual by each participant. That is, all atmospheric and surface data not mentioned were used
in a way decided by the modeller. Because of the large variability of clouds and the very different treatments to model cloud effects, the intercomparison was restricted to cloud free cases.
With respect to the goal, the UV index, the only quantity which was compared as result was
the erythemally weighted and spectrally integrated irradiance on a horizontal surface.
The data were choosen to allow description of present atmospheres, possible future conditions,
and also to investigate the effect of extreme values. The data, from which were compiled to
106 different atmospheres, are given in the following:
solar zenith angle: 15, 30, 60, 80 deg
ozone: 150, 190, 285, 380 DU
ground level: sea level and 2000 m
aerosol: described by aerosol optical depth (tau) and single scattering albedo (ssa), both given
at 340 nm with the following combinations: tau=0.1 with ssa=1.0, 0.2 with 1.0, 0.3 with .98,
0.6 with .92, 1.5 with .88, additionally subvisible cirrus with tau= 0.1 between 8 and 10 km
surface albedo: 0.03, 0.5, 0.8, independent of wavelength
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The models used are classified in to three types: multiple scattering models (contributors 1 to
6), simple but spectral models (7 to 14) and empirical models, which directly calculate erythemally weighted irradiance (15 to 17). The three different model types, of course, have different
quality but also require different resources to run the models and have different calculation
time. In general, the empirical models are much faster than the simple spectral and the multiple
scatteling models. But some of them do not take into acount variations of altitude and ground
albedo and they have no possibility to vary aerosol amount. The simple spectral models are
faster than the multiple scattering models, but use simplifications to solve the radiative transfer
equation.
Comparison of the results is made on the basis of a relative deviation against ,normalized results" which are given as the mean of the results of the 6 multiple scattering_ models. Also
compared are absolute values, to show systematic deviations and to get the atmospheric con. .
ditions which are rendered best inthe empirical models..
Fig. 1 shows as an exampfe the relative deviations against the normalized results_ for present
atmospheric conditions.
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Fig. 1 Relative deviation of erythemally weighted irradiance against average of the results from
contributors 1 to 6. Parameters are solar zenith angle 60°, sea surface level, summer albedo,
ozone and tau as follows: + 285 DU, 0.3 • 380 DU, 0.3 x 285 DU, 0.6 b. 380 DU, 0.6
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In general it was found that:
- results from multiple scattering models are within +- 5% for a wide range of conditions
variations are largest with respect to aerosol optical properties
some of the simple spectral models differ by a nearly constant factor
identical models run by different contributors do not have identical results
the empirical models give good results(± 10 %) for the range of atmospheric parameters
for which they are adjusted. Outside this range, e.g. for very low ozone amount and low
sun, the deviations increase
The comparison can be used, at least in some of the simple spectral models, to make improvements. Here, a next step will be the comparison of the effect of using different extraterrestrial
solar values. Moreover, details of the comparison will be analysed to uncover reasons for differences.
For UV-index determination under present ozone conditions most of the models are useful.
Which model is optimal for routine use depends not only on the precision of the results, but
also on the modelling resources, the avaiability of actual atmospheric parameters, and on the
question as to whether receivers with other orientations should be taken into account.
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UV Index Calculation by the Deutscher W etterdienst and Dissemination
of UV Index Products
H. Staigerl, G. Vogel, U. Schubert, R. Kirchner, G. Lux, G. Jendritzky
Deutscher Wetterdienst, Germany, 1Medizin-Meteorologie, St.-Meier-Str. 4, D-79104 Freiburg

1

Introduction

Forecasting UV Index

Too high doses of ultraviolet radiaData: Total column
Numerical weather prediction of the
Deutscher Wetterdienst:
ozone from TOVS/
tion (UV) can cause stmbum and
TOMS satellite
"Deutschland-Modell": 12 to 48 h
skin cancer and damage the immune
I
system and the eye (WHO 1994a and
T: 700 to
Cloudiness:
b; Marshall 1987). The risk of basal
50 hPa, 5
Low, medium,
layers
and high level
and squamous cell carcinoma for the
I
sensitive fair-skinned people is inRegression model to predict total ozone and
creased by a lifelong exposure, espeits density as function of height
cially to UV radiation (Matthes 1994;
I
Breitbart 1993; Cesarini 1987). In
I
Radiation
transport
model
for
clear
sky
general repeated high exposure to
solar UV seems to be an important
I
risk factor for malignant melanomas
Weighting spectral UV with the CIB action spectrum for erythema.
Reducing erythemal radiation intensity due to cloudiness. Computation
(WHO 1994a). In the past decades
of the daily maximum of UV Index.
tanned skin was identified with health by fair-skinned people. This has Flg. 1
led to an excessive exposure to UV by the sun and by artificial UV-sources. The primary goal
of radiation protection is to change the population's behaviour towards stm-exposure in such
a way that the morbidity and mortality caused by skin cancer is reduced. Since summer 1994
forecasts of the erythema effective irradiation are available in Germany. According to the
recommendations of WHO, WMO, UNEP and ICNIRP (ICNIRP 1995) the UV index has
been used in Germany since spring 1995 to inform the public. Because of the interdisciplinary
relations the federal authorities of the Deutscher Wetterdienst, the Bundesamt fuer Strahlenschutz and the Umweltbundesamt are working together closely in an informatory capacity.

I

2

UV index forecast by the Deutscher W etterdienst

The interdiurnal variability is solely caused by fluctuations of meteorological fields. The fundamental parameters influencing the UV index are the position of the sun, the cloudiness
(Frederick and Steele 1995; Josefsson 1986; Diffey 1984), the total column ozone of the
atmosphere, the elevation above the mean sea level and the reflection properties of fresh
snow. Predicting these parameters is the basis for the forecast of the UV index. Since there
are big spatial differences especially in cloudiness, it is essential to consider the UV radiation
in respect to the area continously instead of looking at single measuring points separately.
The forecast of the UV index by the Deutscher Wetterdienst builds upon the results of the
"Deutschland-Modell" (Majewski 1991), that covers the area of Germany and the neighbouring countries between approximately 0.8 to 21.5 E and 42.5 to 55.9 N. This model has
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a horizontal resolution of 109*109 grid points, which is equivalent to a distance of approximately 14 km between the grid points. The atmosphere is vertically divided into 20 layers.
The forecast comprises a period of 48 hours. The forecasting proceeds every day according
to the scheme in Fig.1. At first the total ozone and the vertical distribution of the partial
pressure of ozone is predicted by means of a regression model for the date 12 UTC + 48h,
whereby the significant correlation between the temperature in the different layers and the
partial pressure of ozone as well as the total column ozone (Spankuch and Schulz 1995,
Vogel et al. 1995a and b) is used. The principal regression equation is:

One uses analytic (a) and prognostic (p) data of temperatures in the five heights (k) of 50,
100, 200, 500 and 700 hPa as well as the total column ozone n<a> measured by the TOYSsatellite. The ,relatively wide-meshed measuring points of TOVS are interpolated by means of
spline function on every fourth grid point of the "Deutschland-Modell". For these points the
forecast of the total column ozone is given. In the case of missing data, data from the
preceding day or climatological fields based on TOMS (NASA 1996) are used. The regression
coefficients are different for each of the 12 months (i), but not every month needs coefficients
for all five layers. The efficiency of the forecast for the fields of the total column ozone is
verified by TOMS data. The verifications show a root mean square error of 3 to 4 % according to 10-12 Dobson units (DU). Considered regionally the mean error inl994 inthe alpine
region is 1 DU, in central Germany 2 to 3 DU, and over North Sea and Baltic Sea 7 DU. The
random errors in the entire region for which the forecast is made ranges between 13 and 16
DU, those of the persistence-forecast between 20 and 26 DU. The reduction of variance is
approximately 55% in respect to the persistence (Spankuch and Schulz 1997).
Secondly a spectral radiation transfer calculation Tab. 1 Factor F for reduction of UV radiation in
for a cloudless sky is performed using the relation to cloud ceiling and amount N (octa) of
STAR-model (Ruggaber and Dlugi 1994). The sky covered; according to J osefsson (1986) und
Diffey (1984)
calculated UV spectrum is weighted with the
Cloud ceiling
reference action spectrum for erythema of the
CIE (1987), which results in the erythema effec< 3000 m
3000-7000 m
> 7000 m
tive irradiation for cloudless conditions. The
N
F
N
F
N
F
necassary vertical ozone profile is computed by
the STAR-model itself on the basis of climato0-2
1.00
0-4
1.00
0-5
1.00
logical profiles and the forecasted total column
3-5
0.80
5-7
0.75
6-8
0.90
ozone or can be determined according to GUn6-7
0.50
8
0.50
ther (1994) by a parameterization that is based
on the forecast of a temperature profile and of
8
0.20
the total column ozone. The radiation transfer
calculation is made for the height of the mean sea level and the results are interpolated on all
grid points of the "Deutschland-Modell"; the influence of the height of a grid point above sea
level is then taken into consideration. For grid points with fresh snow the radiation transfer
is calculated separately due to the ref1ection properties. This procedure is applied in an hourly
i11terval for every forecast-day for the period 08 to 16 UTC.
Finally the UV index is corrected in relation to predicted cloudiness in the ceilings low,
medium and high by means of an empiric procedure. Because of the different radiation
properties of clouds in the three height levels, the correction factors differ considerably, even
though the degree of cloudiness may be the same (Tab. 1). The correction factor is solely
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detennined from the dominating cloudiness. One uses the latest clouding prediction of the
Deutscher Wetterdienst in order to keep the forecast error of this most variable element in
space and time as low as possible. Finally the daily maximum of the erythema effective
irradiation, hence the UV index, and the time of entering is determined from the predictions
available hourly of the erythema effective irradiation for each grid point between 08 and 16
UTC. The forecast fields of UV index clouded, UV index non-clouded, time of daily maximum of the UV index and the total column ozone are available in a data bank in GRIB-code.

3

National standards for the dissemination of UV index

The Gennan Commission for Radiation Protection recommends the introduction and application of the UV index in Gennany (SSK 1995 and 1996). Since the biological spectrum
of fluctuations is quite high, the UV index is supposed to be given as an integer, using
mathematical rounding rules. Moreover this makes it easier for people to remember. The UV
index is divided into four categories with different preventive measures (Tab. 2). If the time
until sunburn occurs is given in addition, it refers to skin type 11 with the Minimal Erythemal
Dose (MED) 250 J m- 2 . The spatial resolution of the forecast of the UV index should not be
too detailed. Local characteristics such as increased cloudiness in the mountains or coastal
effects can be mentioned.
In genera 1 the Tab. 2 German recommendations for preventive measures in distinct levels of
Commission for UV Index and sunburn times, skin type 11, untanned (SSK 1995)
Radiation ProtecUV Index
strength of radiation
sunburn time
preventive measures
tion recommends:
"Babies should not
very high
~8
required by all means
lower than 20 min
be exposed to
7-5
required
from 20 min on
high
direct solar radiation at all. The
moderate
recommended
4-2
from 30 min on
best protection
against the sun are
~1
unlikely
not required
low
adequate clothing
and good sunglasses. Sun creams should have a sufficient sun protection factor and be
effective in the UVB- and UVA-spectrum. The sun protection factor (European definition)
should be at least double the value of the UV index. A sun cream with a sun protection factor
of at least 15 is recommended for especially sensitive persons."

4

UV index products of the Deutscher Wetterdienst

The fields of the UV index over the area of the "Deutschland-Modell" are visualized in colour
by the TriVis®-System and are offered to TV-stations in best video quality. A text containing
the forecast for Germany is added to the images. The text is based on the recommendations
of the Commission for Radiation Protection. At the same time the forecast fields are regionally prepared for UV index reports for media. For this purpose the area of Germany is divided
into 11 regions according to aspects of radiation climatology. The size of one region is about
the same as the size of the larger federal states. The UV index at the grid points of the
region is determined by means of frequency distribution. If there are variations in a region
that exceed the categories of the UV index according to Tab. 2, then the range of the UV
index is given. If these variations affect certain parts of a region such as tourist areas, the UV
index of this area is considered in detail. The level of exposure to radiation connected with
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the UV index is mentioned in the text, so that people remember the meaning of the UV
index. If necessary, adequate protective measures are indicated. Especially in spring the
sunburn times for untanned skin type II is mentioned. In the case that the total column ozone
falls below the climatologically expected values by more than 15 % and nearly cloudless sky
can be expected, then one points out increased UV radiation at this time of the year, if the
UV index reaches a minimum of 4. The reports are generated automatically and are provided
with general explanations that are changed every one or two months. The forecast refers to
the present (nowcasting) and the following day. An extrapolation of the UV index on the
basis of the clouding forecast is mentioned for the second day following. The same infonnation is also available in tabular fonn, which is appropriate for the print media. The data
format used corresponds to a standard of the Deutscher Wetterdienst (MAP reports) for the
generation of meteorological reports for the public.

5

Dissemination of UV index products

The products are offered to the media in all possible forms. In particular a number of TV
stations broadcasting all over Germany are supplied as well as a great number of radio
stations. Furthennore the UV index finds an increased ready market in the print media. In
addition the UV index for 11 regions is available to the public via the Audiotex of the
Deutsche Telekom and via fax-on-demand. Several on line services are supplied with forecasts of the UV index, too. In 1995 and in 1996 a well-known health insurance scheme
started a campaign to make the UV index and the objectives connected with it more popular.
Interviews are supposed to support the media's educational work. In 1995 and in a second
edition in 1996 a sponsor produced a disc on which the individual stmburn time due to skin
type can be read off by means of the forecast of the UV index. This disc has been distributed
on the market in great numbers. The same sponsor is supporting generously the propagation
of the forecasts via the media in 1997. This has resulted in an evident increase of customers
of forecasts.
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ANNEXE

PRESENTATIONS TO THE SESSION ON UV INDEX PROGRAMMES

UV-8 forecasts in Australia (L. Rikus, L. Lemus-Deschamps and R. Atkinson)
Forecast of the UV index in Austria (G. Schauberger and A.W. Schmalwieser)
Operational nowcasting of UV radiation in the Czech Republic (M. Janouch and J. Smitka)
The UV forecasting system of Finland (T. Koskela, J. Damski, P. Taalas and A. Sarkanen)
UV-8 forecasting in Greece (A. F. 8ais, K. Tourpali, D. 8alis, C. Meleti and C.S. Zerefos)
UV-8 forecasting and issuing public information in Hungary (P. Nemeth)
France: La Meteo Solaire and the UV index (J-P. Cesarini and P. Cesarini)
The Canadian UV index program: 1992-1997 (D. 8roadhurst)
UV information in New Zealand (R.L. McKenzie)
UV index and daily dose; and analysis of Belsk data and forecasting (J.L. 8orkowski and
J.W. Krzyscin)
UV index and on-line-monitoring - What is a practical unit (M. Steinmetz)
Solar UV bulletins in the UK using solar indices and measurement data (C. Driscoll)
The U.S. National Weather Service ultraviolet index; current procedures, verifications, and
future implementations (C.S. Long)
Mexico City UV-8 monitoring network and public UV-Index report (L.R. Acosta)
UV-index in Sweden - Experiences (U. Wester and W. Josefsson)
QA/SAC and UV in GAW (J. Miller)
WMO quality control guidelines for UV data (A. R. Webb)
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UV-B Forecasts in Australia
L. Rikus, L. Lemus-Deschamps and R. Atkinson
Cooperative Research Centre for Southern Hemisphere Meteorology,
Bureau of Meteorology, Melbourne, Australia

A. Introduction
Since the mid-1980's the Australian Radiation Laboratory (ARL) has been presenting
broad-band UV measurements to the public in the form of a graph of 15 minute UV Index (UVI)
values over the day. The product is released to the nightly television news services (Gies et al
1994) and has generated public awareness of UV radiation and the concept of UVI. The
Cooperative Research Centre for Southern Hemisphere Meteorology, in conjunction with the
Bureau of Meteorology, has developed a UVI forecast scheme which is designed to complement
the daily ARL analysis with a forecast for the next day. The scheme officially commenced public
forecasts on 16 September 1996 although it existed as a parallel operational system for almost
a year before this. It's basic product is the UVI (in units of25 m W/m2) for local solar noon over
the globe. This is interpolated to the Australian region and to a number of cities and towns in
Australia. The forecasts are generally released to the public each evening as part of the weather
forecast for the following day. The thermodynamical and atmospheric state data required for both
the ozone forecast and radiative transfer comes from the Bureau's operational global mediumrange numerical weather prediction (NWP) forecast model (GASP). The total ozone forecasts are.
validated against TOMS and Dobson data and the UVI is validated against the ARL data.

B. The Total Ozone Analysis/Forecast Scheme
The total ozone analysis uses a Univariate Variational Statistical Interpolation scheme to
ingest TOVS ozone data (Atkinson, Grainger and Udelhofen 1997). A co-'ordinate transformation
method is used for the total ozone forecast. The analyzed total ozone is represented as single
isolated slab of constant mixing ratio distributed between the 450 K potential temperature level
and the top of the atmosphere. By assuming the stratosphere above 450K to be barotropic, and
the ozone concentration to be well mixed along isentropic PV contours, the ozone mixing ratio
can be mapped into semi-Lagrangian coordinates using the 450 K potential vorticity analysis
from GASP at analysis time. The ozone mixing ratio at the forecast time is then generated by
using the potential vorticity forecast from GASP to map the transformed ozone distribution back
into physical space. Finally, the forecast total ozone at a given location can be calculated by
simply integrating the ozone mixing ratio profile with respect to the GASP forecast pressure
profile.

C. The Radiative Transfer Scheme
The radiative transfer scheme is a modular scheme with the ability to switch transparently
between different parameterizations for extraterrestrial solar flux, ozone absorption, Rayleigh
scattering, arbitrary wavelength range etc. It uses a Delta-Eddington two stream formulation with

- 95 -

the same vertical level structure as GASP (i.e. 19 pressure levels with the top level at 10 hP a) to
facilitate the use of GASP temperature and pressure fields. The ozone profile is derived from a
zonal climatology uniformly weighted to reproduce the forecast total ozone at each grid point.
The surface albedo is assumed to be uniformly 0.02 and no aerosol effects are included. For the
first year the UVI was based on the wavelength range of 290 to 340 nm but has since been
extended to 290 to 400 nm.

D. Cloudy Sky UVI
Forecasts for cloudy conditions obviously need forecasts of cloud optical depth and cloud
fraction. Current numerical weather prediction models show some skill at predicting these on the
large scale but are handicapped by their dependence on water vapour which is probably the least
well known field in an analysis (Rikus 1997). In addition the problems inherent in prediction of
sub-grid scale cloud as well as the difficulty in performing radiative transfer for generalised cloud
fields mean that accurate cloudy UVI forecasts are not yet feasible. In the meantime the gross
effects of cloud on a forecast can be qualified in terms of cloud attenuation factors. These are
based on measurements of UV which showed an approximate relationship between the cloudy
and clear sky UVI and the observed cloud fraction (Paltridge and Barton 1978). In the Australian
scheme the clear sky forecasts are supplemented with CAF corrected values for 3 different
amounts of cloud fraction to enable regional forecasters to suggest a value of cloudy sky UVI
based on their local cloud forecast

E. Future Directions and Products
The total ozone analysis scheme will be extended to include real-time TOMS or SBUV
data when it becomes available. A three-dimensional ozone analysis scheme has also been
developed (Grainger and Atkinson, 1997) but this would require data with information about the
vertical distribution to be available in real-time before it could be linked to the operational
system.
The forecasts released to the public will be augmented by a number of extended products.
These will include forecasts for specific conditions such as snow fields during the winter and for
recreational waters during the summer. The diagnosis of cloud amount and optical depth from
satellite data will allow the calculation of integrated UV doses over periods of a day, week or
month. Products using other action spectra e.g. PAR, plant damage etc may also be released. A
scheme using predicted cloud fields from the operational NWP models is also being trailed.
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FORECAST OF THE UV INDEX IN AUSTRIA
G. Schauberger and A. W. Schmalwieser
Institute ofMedical Physics, University of Veterinary Medicine Vienna
Veterinarplatz 1, A-1210 Vienna, Austria (med.physik@vu-wien.ac.at)

Summary
Since October 1995 a daily forecast of the UV index for the following day is published for the
Austria, Europe and world wide. The model as well as the input parameters are described. By
connecting the UV index with the sensitivity of the photobiological skin types, a
recommendation is given to select a sun protection factor of a sunscreen to avoid
overexposure of the skin. Therefore the user has to select on one's own initiative the adequate
value of the UV index for his site by paying attention to the attenuation of the UV intensity by
cloud cover.

Model description
The model used for the forecast of the UV radiation is calculating the spectral irradiance of
the global radiation between a wavelength from 297.5 to 380 nm. The input parameter are
elevation of the sun, see level and the ozone content of the atmosphere. The model is bases on
the measurements undertaken by Bener (1972) over many years at Davos (46°48'N, 9°49'E,
1590 m asl). The model of Diffey (1977 is fitting simple functions as an interpolation to the
data. The spectral irradiance is weighted by the erythemal action spectrum (CIE, 1987). The
biologically-effective UV radiation is presented as the UV index according to the guide lines
ofWMO and WHO.
The elevation above see level is used world wide with a resolution of 1.0° longitude and .5°
latitude. For Austria the orography has a resolution of 1/32° x 1/24° which means a distance
of about 3 km.
The increase of the UV intensity by the see level H (m) is calculated by a correction factor CsL
CsL

= 0.16 (H/1000)

The ozone content of the atmosphere is the most important parameter for the solar UV
radiation. Until now ozone data are used which are measured by the TOYS satellite (TIROS
Operational Vertical Sounder). Under the assumption of persistence the measured ozone date
were extrapolated without any prognostic tool.
The model is calculating the UV index for the grid points and for all selected sites by
interpolation. The global scale covers the entire world with a resolution of 1.0° longitude and
latitude. This gives a grid of 360 x 181. The European scale covers the area between 24.5°N
to 72.5°N and 20.625°W to 60.625°E, respectively with a grid of 66 x 49. The model domain
over Austria (46.4°N to 49.0°N and 9.5°E to 17.1°E) has a resolution of .1° for latitude as
well s for llngitude. This gives a grid size of27 x 77.
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Forecast products

UV-Index
In Austria the UV index is calculated for the following day. As an example of the graphical
presentation of the data the distribution over Europe for July 10, 1996 is shown in Fig. 1. For
four classes of cloud cover a table is part of the graphic by which the relation is defined
between the colour of the map and the UV index. The UV index and the recommended sun
protection factor are published via ORF Teletext (ORF 1, page 669), as part of the weather
news (radio and TV) and by the WWW server of the University of Veterinary Medicine
Vienna. Furtherthey can be called by a charged telephone service and viaEmail.
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Fig. 1:

Distribution of the UV index for July 10, 1996 over Europe

Recommended sun protection factor
Beside the UV index as a number describing the intensity of the UV radiation at noon, also
the UV dose is relevant for the UV exposure of man. The daily dose on a horizontalreceiving
surface can be calculated by the course of the day of the UV irradiance. The relevant receiving
surface of man is predominantly vertical orientated. Threefore it is necessary to change the
geometry of the receiving surface from a horizontal to a vertical one. The importance of the
UV albedo of different ground covers for the irradiance on a tilted receiving surface is
demonstrated by Fig. 2 (Schauberger (1990). The comparison ofthe relative irradiance above
snow covered ground (UV albedo A= 0.80) and snow free ground (A= 0.05) shows that the
influence of the UV albedo is increasing by the tilt angle. Values ofUV albedo can be find by
Ambach and Eisner (1986), Blumthaler and Ambach (1988) and Schauberger (1990).
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By changing the orientation the doses is reduced by 2/3 compared to the horizontal plane
(Schauberger, 1990; Schauberger and Keck, 1990 and 1991). Assuming a UV exposure over
the whole day the necessary sun protection factor (SPF) is calculated to reduce the UV dose
on a horizontal plane to 3 MED (Minimal Erythema Dose) and to 1 MED on a vertical plane.
Such SPF is committed for all ofthe four photobiological skin types (Greiter, 1998; DIN 5050
(Part 1), 1992). On basis of the forecasted UV index and the individual sensitivity,
characterised by the photobiological skin type, the user can select the corresponded SPF to
avoid overexposure. The instruction to double the SPF over snow covered area is caused by
importance of the UV albedo for tilted receiving planes.
Tab. 1: Recommended sun protection factor (SPF) for a whole day calculated for July valid
for Middle Europe for the four photobiological skin types.
July 48°N
UVIndex

to 2.0
2.0 to 3.9
4.0 to 6.9
7.0 to 8.9
over 9.0

Recommended SPF for the Photobiological
Skin Types
IV
I
Ill
11
3
7
12
15
19

2
5
8
10
13

2
3

1
3

6

4
6

7
9

7

* Over snow covered ground the values have to be doubled.
In some countries the UV index is calculated under consideration of the predicted cloud cover
(e.g. USA Germany). From our point of view, this increases the error of the forecast first by
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the uncertainty of the prediction of cloud cover and second by the uncertainty of the
attenuation of the UV radiation by clouds (Kuik and Kelder, 1994). For the graphical
presentation of the UV index we adopt a other course. The UV index is shown for four
different classes of cloud cover (Fig. 1). This offers the user of the UV index to combine the
actual weather situation at his site with the forecast ofthe UV index. In the sense ofradiation
protection this procedure reduces the cases were the intensity of the UV radiation is much
higher than the predicted UV index caused by a missing or reduced cloud cover compared to
the forecast..
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Introduction
Continuing depletion of the ozone layer which has been detected also over Central Europe
is associated with changes of irradiances of ultraviolet solar radiation especially in the spectral
region B (UV-B). Due to this fact is necessary to start parallel monitoring of UV-B at the
ozone stations to get appropriate data sets for investigation of relation between these
atmospheric parameters. Models for estimation and forecasting of UV-B with the respect to
changes of ozone are required both for description of regime of UV-B radiation in certain
region and for awareness of the public about its high levels. In the Czech Republic these
issues are subjects of scientific works at the Solar and Ozone Observatory (SOO-HK) of the
Czech Hydrometeorological Institute (CHMI) in Hradec Kralove.

Monitoring of Total ozone and UV radiation at SOO-HK
Since January 1994 the Brewer spectrophotometer MARK-IV No.098 has been used for
simultaneous measurements of total ozone and UV-B at SOO-HK. Series of scans of spectral
UV-B irradiances in 0.5 nm steps and successive total ozone measurements are performed in
predefmed daily schedules which are designed to observe the UV-B at the specific Zenith
Angle (ZA) of 70, 60, 50, 40 and 30 degrees both in the morning and afternoon. Each
schedule is to do UV-B measurements each day at local noon. The instruments is regularly
checked by internal lamps and calibrated with external UV-B standard lamps. Its function is
controlled by a PC which also saves all input data and calculates outputs including of total
erythemal irradiances EUV. These values are calculated by means of the measured spectral
UV-B irradiances and the ,Erythema Action Spectrum" CIE, WMO (1994).

Statistical model for calculation ofEUV radiation in CHMI
Several physical and statistical models have been developed for calculation of EUV in
the last years. At the present time a modification of the Canadian model described by
Burrow et al. (1994) is most frequently used for calculation ofEUV on clear days. This model
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was used to describe of relation between ozone and EUV at SOO-HK. The model is based on
the following formula:
EUV = D*cosZA * exp(7.091- 0.855*MU- 3.569*MU*X +
+ 0.153 MU2 + 1.338*MU2 *X2)

(1}

where:
EUV ... erythemaJly weighted total UV-B in m W/m/\2 on clear days (CIE 87 used)
D ... Earth - Sun distance correction
ZA ... solar zenith angle
MU ... relative air mass
X
... total ozone in D.U./1000
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Figure 1. Measured (EUVm) and calculated (EUVc) valeus of erythemal solar radiation
in Hradec Kn1Iove,. 1996.

The verification of this model is shown in Fig. 1 where measured (EUVm) and calculated
(EUVc) values are plotted. Both curves have a good agreement, nevertheless the variations of
EUV irradiance confirm an influence of changes of other atmospheric components. This is
shown in Table 1 where relative differ~nces (Diff) are given in percents in the following
formula:

Diff= lOO*(EUVc-EUVm)/EUVm

(2)
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Table 1. Relative differences and STD between EUVm and EUV c of erythemal solar radiation in
Hradec Knilove, 1996

SZA (deg.) AVG diff. (%] STD_(%1
> 30°
0.9
8.5
30-40°
-0.9
5.7
40- 50°
3.3
7.5
50- 60°
1.4
7.5
50- 70°
1.5
8.4

Though the mean differences are from -1 to +3% their standard deviations STD are about
8 %. Therefore a general accuracy of the model is ±8-10%. The model which is given by the
equation (1) represents geographical and climatological conditions of lowland (about 300 m
A.S.L) of Central Europe, average turbidity, summer surface albedo.

UV-B now casting in CHMI
Every day in April to August the total ozone statistics, maximum daily EUV level,
sunburn times and maximum (noon) UV index are calculated and created before 10:00 a.m.
This report is submitted into the telecommunication system of CHMI where it is available for
mass-media.

Conclusion
A modification of the Canadian statistical model for calculation of EUV radiation was
tested at SOO-HK. It has been found that not only ozone but also other atmospheric
component can significantly influence irradiances of UV -B on clear days. The model
described in this contribution is used in CHMI for very short (3-5 hours) forecasting ofEUV
and other parameters for the public.
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THE UV FORECASTING SYSTEM OF FINLAND
Tapani Koskela, Juhani Damski, Petteri Taalas and Annakaisa Sarkanen
Finnish Meteorological Institute, P.O.Box 503, FIN-00101 Helsinki, Finland

1. BACKGROUND AND OPERATIONAL STATUS
The UV forecasting was first launched in Finland during spring 1994. The public information
essentially consisted of the so-called "erythemal time", i.e. the period in minutes after which
an untanned skin type II person would experience a small reddening afterwards. The energy
threshold for this was chosen as 200 J/m2 weighted with the CIE erythemal action spectrum
(McKinley and Diffey, 1987).
After the international UV index was officially accepted by WMO it was also introduced in
Finland in early 1996. The new the concept was not easy to adopt, and some newspapers
.insisted on publishing erythemal minutes rather than arbitrary index values. Because the
erythemal minutes are poorly standardised, this situation may have lead to announcing
minutes that are not comparable in different countries. Only during the recent times the UV
index has been accepted more widely by the media.
The current operational system consists of an automatic model application. The output of the
model redirects the index values' list to a meteorologist on duty. The deviation of the forecast
ozone value from a long term average is also given. If this deviation is more than 15% in the
summer or 30% in the spring and if the predicted cloudiness for the following day is below
seven octas, then a notice of higher than normal UV radiation is appended to a regular
weather report. This service is free of charge. In addition, the daily UV index situation is
available on a charge phone. Some papers publish the index values as a table and they are
also available on the web-site of the institute at http://www.ozone.fini.fi/uv-indeksi/. The
forecast is given for 14 locations in the country. For reference, an index estimate based on
climatological ozone data is given for four lower latitude locations in Europe.
As a whole the UV forecasting system is operating fairly well although it will obviously
experience some development in near future, inspired by the development of forecast
methods on one hand, and the varying needs of the public on the other hand.
2. METHODS
The original forecasting system aimed at a good geographical coverage, and therefore TOVS
(ITTP-3 and -5) satellite based ozone data were used as an input. Later these data were found
systematically erroneous (Dijkhuis and Taalas, 1996). Since no other .satellite data were
available in real time, the system was modified to use ground based Brewer measurements
made in routine at two locations in the country.
The ozone forecasts are daily produced for a 24-hour period by using a method developed by
Feister et al. (1996). During the summer period the predictors of the model are temperature,
its 12-hour tendency and vertical differences of the temperature (all of these at pressure levels
of 700, 500, 200, 100 and 50 hP a) and the measured total ozone column. The temperature
fields are obtained from the HIRLAM high resolution limited area weather forecasting model.
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Surface albedo values needed for UV calculation are derived from synoptic observations of
the state of the ground.
Because the UV index is calculated for noon time clear sky situations only, the final decision
of releasing a notice on high UV index values is left to the meteorologist to avoid irrelevant
notices given an a rainy day.
The traditional Green's model (Green et al., 1979) is used for index calculations due to its
simplicity and short processing time.
3. QUALITY ASSESSMENT
The performance of the ozone forecasting system in the year 1996 is presented in Fig.l. The
model seems to yield a small but nearly systematic overestimation of the true ozone
.abundance. The average error is 20 dobson units (DU) in the South of Finland and'40units in
the north with a standard deviation of 14 units at both locations.
The model's capability in forecasting a 24-hour change in total ozone, i.e. its tendency is
within one dobson unit on average, but the standard deviation of the tendency error is 12 in
the south and as large as 18 DU in the north of the country (Fig.2). However, in about half
o£ the cases the tendency error was within 10- DU (Fig.3).
The UV calCulation model was recently validated in a large model intercomparison and the
detailed results are given by Kopke elsewhere in this publication. A comparison with a
sophisticated disort based SBDART moder (anonymous, 1996) showed that the Green'·s
model produces about 10% higher UV index values in situations relevant to the climatic
conditions of the country. Since cloudiness often dominates the actual UV situation, the
forecast index value only provides the necessary upper envelope for the seasonal behaviour of
the UV index.

The described forecasting system is stable and suitable for routine use. To improve its
performance development will first be required in the ozone model to get rid of the
systematic overestimation of the total' ozone column. New statistical coefficients in the
empirical formulae and eventually the use of potential vorticity as an ozone tracer are
anticipated to improve the situation. The model's unsatisfactory performance in predicthrg
large changes of the ozone will need some attention. These situations are more likely to
occur in the spring time and at high latitudes (cf. Fig.2).
To extend the forecasting area geographically an exchange of daily ozone measurements in an
international scale would be more than welcome, or good quality satellite data should be
made avail'able. A better climatology of the ozone would improve the reliability of public
information given in the cases of expected high UV index values.
The overshooting of the UV model fortunately compensates rnost of the similar behaviour .of
the ozone algorithm. Thus the obtained UV index values are probably better than either the
ozone or the UV model alone would suggest. This fortunate situation, however, is not
scientificaliy justified, and there may be an eventual need to change the UV calculation
scheme to another model.
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Real time UV data from a national seven-station broadband radiometer network will soon
also be available for public information and for a rapid verification of the performance of the
UV forecasting system. Identically with the total ozone data, comparable and quality
controlled, near real time UV data should be made available on an international basis.
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Introduction

Since 1991, the Laboratory of Atmospheric Physics {LAP), University of Thessaloniki, provides during the summer period daily forecasts of the UV Index for Greece, which is
available to the public through the media. For the calculation of the UV Index for clear skies,
a suitable radiative transfer model is used, together with forecasted total ozone values. The
UV Index is calculated for five different areas in Greece, namely the two biggest cities, Ath.ens and Thessaloniki, two regions at the northwest and southeast part of Greece and the southmost island of Crete.
Here we describe the various steps that have been followed during the last years by
LAP for the calculation of the UV Index, as well as comparisons of the predicted values with
measured data. We also present preliminary results from a Gallup poll that was carried out at
various areas in Greece, to investigate the response of the population on the dissemination of
the UV forecasts.
Forecasting the total ozone

Accurate total ozone forecast is of primary importance for the calculation of the solar
ultraviolet radiation reaching the ground and consequently for th~ calculation of the UV Index. Although in the previous two years total ozone forecasts were provided by Environment
Canada (Burrows et. al, 1994), during this year a new methodology developed at LAP is used,
similar to the one used for regional total ozone forecasting (e.g. Vogel et al., 1995). Our approach is based on results from detailed statistical calculations showing strong correlations
between total ozone and meteorological parameters of the lower stratosphere and higher troposphere.
Local parameters measured by radiosondes are used as predictors in a statistically
based regression model. These predictors consist of temperature and geopotential height from
the radiosonde station of the National Meteorological Service, located at the airport of Thessaloniki. They are combined with the total ozone values from the area of Rome, which show
strong correlations to the total ozone measurements at Thessaloniki, with a time lag ranging
from one to two days. Based also on the strong autocorrelation of total ozone in the summer
months, the ozone value at Thessaloniki was used also as a predictor. The combination of
predictors and the regression coefficients vary from month to month, so that for each month a
different set of parameters is used. The regression equation that is used is of the form:

where i denotes the day for which the forecast is made, .Q is the total ozone at Thessaloniki,
.QRome is the total ozone at Rome, and T 100 the 100 hP a temperature. The coefficients ~o ... ~ 6 are
calculated from the regression analysis based on 11 years (1982-1992) of continuous meas-
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Figure 1: Comparison of measured and forecasted total ozone at Thessaloniki for
the summer period of 1993.

urements of total ozone at Thessaloniki, radiosonde data, and the TOMS total ozone at Rome.
The variance that is explained by this regression equation for the three summer months is
about 60%.
Figure 1 shows the comparison between measured and forecasted values for the summer months of 1993. In this case, total ozone data as measured by the University of Rome
were used with very good results. The variance explained in this case is 73% for the three
months as a whole.
If in addition to the stratospheric temperature, forecasted values of the 300 hPa geepotential heights (<I>) are available, an alternative formulae can be used, which is ofthe form:

The application of this improved version of the algorithm improves substantially the
accuracy of the ozone forecasts.
Calculation of the UV Index
The model that we use for the UV Index calculation is the Tropospheric Ultraviolet
and Visible model (TUV}, developed by S. Madronich (Madronich, 1993), which uses a twostream approximation for solving the radiative transfer equation (Toon et al, 1989). The forecasted ozone values for Thessaloniki are used as input in the TUV model, from which CIEweighted (McKinley and Diffey, 1987) erythemal irradiances are provided for local noon and
for each whole hour from sunrise to sunset. The vertical profiles of ozone and temperature are
taken fi·om the 1976 U.S. Standard Atmosphere (USSA, 1976). For the aerosol optical depth,
representative for the area values are used in the model, which have been derived from spectral measurements of direct solar irradiance, obtained at LAP during the last two years (Bais,
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Figure 2: Ratio of measured and calculated UV Index at Thessaloniki during
local noon and the corresponding cloud-cover amount.

1997; Marenco et al., 1997). The vertical distribution of the aerosol extinction at 340 nm is
adopted form Elterman (1968), assuming background conditions for the stratospheric aerosol.
The optical properties for the aerosols (i.e. single scattering albedo and asymmetry parameter)
are determined from the rural aerosol model of Shettle and Fenn (1979). Finally, from the CIE
erythemal irradiance the UV-Index is calculated following the WMO guidelines (WMO,
1994).
The UV Index at the other four areas is derived from linear relations as a function of
the day of year. These relations have been established empirically by comparing two years of
broadband measurements from stations operating in these areas with those recorded at Thessaloniki. The broadband data used for the determination of these empirical relations are provided by LAPNET, the UV monitoring network ofLAP. Different relationships are used for
the morning hours (10-12 LST), for local noon (12-15 LST) and for the afternoon (15-17
LST).
Figure 1 shows the comparison of the TUV model calculations of the UV Index with
measurements performed at Thessaloniki during summer 1996. It is evident from this figure
that for days with cloud cover of less than 2/8 the measurements and the calculations agree
within about ± 10%, while for days with overcast conditions the difference can be as high as
70%. Occasionally, the calculated index is overestimated, as a result of either unsuccessful
ozone prediction or exceptionally low aerosol load.
The public response on the UV Index
To evaluate the response of the public on the UV forecast dissemination, the students
of the Graduate Program on Environmental Physics of our University carried out a relevant
Gallup poll during spring 1997. This survey was done at various areas in Greece, and 572 persons were asked to respond to 19 different questions. The major objectives were to evaluate
the effectiveness of the existing public awareness system in Greece, to explore the sensitivity
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of the public on the UV issue and to investigate how the public reacts on the UV forecasts.
From a preliminary analysis of the responses, the following conclusions can be drawn:
•

Only 9% of the persons that took part in the Gallup poll attend regularly the UV forecasts,
while 60% is watching them occasionally only.
• One third of them comply with the suggested exposure times given by the media.
• Almost 40% have changed their habits regarding their exposure to the Sun, during the last
years.
• Almost everybody (98%) is aware about the harmful effects ofUV radiation.
• Regarding the use of sunscreens, 16% uses them daily, 24% while being at the beach,
40%,during their vacations period only, and 22% do not use sunscreen at all. Jt appears
that almost halfof them do not reapply sunscreen during their stay under the Sun.
• Up to 50% stay under the Sun for less than 30 minutes, that is close to the usually suggested time for local noon .exposure.
• Almost three-quarters of the ,persons are in favor of providing exposure times instead of
the UV Index. However, this is most probahly a result of the fact that the mediaprovide
mainly information cOn allowable .maximum exposure times.
• Finally, almost everybody (92%)wouldTiketocontinuethebroadcast of the DV forecast.
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UV-B Forecasting and Issuing Public Information
in Hungary

Peter Nemeth
Hungarian Meteorological Service
H-1675 Budapest, PO Box 39, Hungary
( e-mail: pnemeth@met.hu)

A public information service concerning · total ozone and UV-B radiation is
operated by the Hungarian Meteorological Service. Elements . of content of the
information system (i.e. measured data, forecasted data) and the way of information
issuing are looked over below.
1. Measurements

1.1

UV-B measurements

A broad-band network including 4 stations using Solar Light UV-Biometers Model
SOlA is operated since the beginning of 1994. An indoor kept UV-Biometer is used as
a reference for network sensors. Network sensors are checked by the reference twice
a year. Calibration possibility of higher quality than the abovementioned reference
sensor is not available in Hungary. Our reference participated at intercomparison and
laboratory test organized by WMO I STUK in Helsinki in 1995 [1]. As compared
with parameters given by the manufacturer ( calibration level, cosine response, relative
spectral responsivity ) significant differences were not found.
Concerning our outdoor network sensors, however, we have unfavourable experiences.
Their temporal stability was not found satisfactory for us ( mainly in summer of 1995 )
thus the sensors were needed to return to the manufacturer for recalibration and
repair.
The UV-B data are issued in the annual bulletin of JOINT RESEARCH NETWORK
OF UV-B (Greek, Hungarian, Icelandic and Polish Monitoring Stations) published by
Aristotle University of Thessaloniki, Laboratory of Atmospheric Physics.

1. 2

Ozone measurements

Dobson spectrophotometer No. 110 is used for observation of total ozone
content at the Budapest Observatory since 1969. Based on the results of the
intercomparisons in Arosa, 1990 and 1995, the instrument has been in good condition
in the last decade. High quality ozone data are needed not only for long-term
monitoring but forecasting technique of UV-B ( see below ) also requires observed
ozone values as inputs.
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2. UV-B forecasting
The Hungarian Meteorological Service releases short-term ( 24 hour ) UV-B
forecasts for area of Hungary in the period of May -August. Forecasting method.
applied is made in three steps.

2.1

Forecasting of total ozone content

Forecasting of ozone content is made by an empirical statistical method. The method
is based on that short term variation of total ozone content can be brought into
empirical relation with thermal structure of atmosphere, namely, with short term
variation of tropospheric and stratospheric temperature. To describe the tropospheric
relative topography is used. To represent the
temperature the 300/1000 hPa
temperature of low stratosphere the 100/200 hP a relative topography is applied. The
working formula is as follows:
.1.X = -0.090 ( .1.H3oo- .1.H10oo) + 0.073 ( .1.H10o- .1.H2oo)
where .1.X is daily change of total ozone content and .1.H3oo, .1.H10oo, .1.H10o, .1.H2oo are
daily changes of geopotentials. The constants in the formula are empirical and they
were determined by ozone measurements and radiosond observations from Budapest for
the period of 1969 - 1993. The constants are valid for the period of May - August. In
the practice of the forecasting procedure daily changes of geopotentials are taken from
the numerical weather forecast made by ECMWF. Daily change of ozone is determined
as a difference between forecasted ozone for the next day and measured ozone on the
previous day.
The standard error of ozone forecast is 13 DU ( 3.5 % ). For comparison, standard
error of ozone prediction made by mean yearly course of ozone is 22 DU ( 6.5% ).

2.2

UV-B forecasting (or clear sky condition

The forecasting of UV-B for clear sky condition is carried out based on forecasted
ozone and astronomical parameters. The relationship applied comes from Canada [2].
The formula was tested and using a correction factor of 0. 96 it was foud acceptable
with standard error of 8 %.
The expected daily course of UV-B is calculated with 10 minute steps. Due to that
area of Hungary is relatively little the forecasting for clear sky condition does not
include areal differences.

2.3

UV-B forecasting for cloudy condition.

The cloud-caused attenuation of UV is taken into consideration based on forecasted
cloud cover. Relationship concerning dependence of attenuation of UV on cloudiness
comes from one of our previous studies [3]. Areal differences could be included in the
forecasting if cloudiness prediction gives reason for it.
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Estimated total error of UV forecast is 12 %, which value is about half of the
natural variability of UV-B. The primary reasons of error are the uncertainty of cloud
cover forecast as well as neglecting of variations in aerosol content in the case of
clear sky conditions.

3. Issuing public informations
Weekly average anomaly of ozone ( in percent ) concerning the previous week is
regularly published since 1992. Data from UV -B monitoring network, namely daily
maxima of hourly averages, are issued three times a week since 1995. Forecasted UVB value concerning daily maximum is issued every day. Ozone information system
works in whole year while UV-B information service works in the period of 1 May 31 August.
In UV-B publication UV Index suggested by WMO, WHO, ICNIRP is used which is
completed by additional informations such as category , average· time to sunburn and
protection recommended. The ozone and UV informations are published by TV , radio ,
phone service and in some newspapers. Detailedness of the released information
strongly depends on public channels ( time and extension available ). The minimum
information which is shown in any case : index value. and category.
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FRANCE : LA METEO SOLAIRE AND THE UV INDEX
Much more than just another campaign...
Dr Jean-Pierre CESARINI (President), Pierre CESARINI (General Manager)
Association Securite Solaire 25, rue Manin 75019 PARIS I FRANCE
tel : 33 (0)1 48 97 16 97 fax: 33 (0)1 48 97 07 10
http ://www.club-internet.fr/securite-solaire/
e mail : solaire@mail.club-internet.fr
Service Minitel 3615 coup de soleil

1. INTRODUCTION

In the past twenty years, there have been numerous cancer-prevention campaigns, in France as well as in
other countries. However, very few encouraging results have been obtained and the number of cancers has
steadily increased by 5 to 7 % each year, depending on the countries and their estimations. Furthermore,
surveys have revealed that people's unappropriate behaviours and lack of knowledge regarding cancer are
alarming. In France, almost 30% of the population is unaware that the sunbums of the childhood represent
a serious danger to the health. That is not all, up to 7 % of the people firmly believe that the sunburns of
the childhood help the skin resist to the sun. There are of course several ways to explain these failures in
communication, but the first reason is undoubtedly the lack of campaign visibilty. You may have the
«punchiest» message and the best campaign, you won't reach the target without a massive media and
non media visibility. Except for Australia which has launched the large scale « SLIP SLOP SLAP»
campaign, no other country has ever tried to carry on a nationwide campaign concerning the dangers of
excessive sun-exposure. Indeed, such campaigns are very expensive and countries tend to concentrate their
financial efforts on other plagues such as cigarette-smoking and alcoholism. For this reason, we consider
that the UV Index is a unique mean of prevention. Because of its meteorological nature, the UV Index fits
in regular media weather forecasts, thus allowing repeated coverage at no costs. The UV Index is also an
efficient pedagogical tool because it relates in an original manner to other scientific areas such as physics
and astronomy. If you explain what the UV Index scale and its variations are about, and if at the same
time, you manage to broadcast daily UV Index forecasts, then you will help the public gain knowledge
about the basic facts that everybody should know :
• The UV rays produce no heat and are invisible.
• The UV intensity varies according to the latitude, the altitude, the sun hour, the season, the cloudiness,
the ozone level and the environment reflecting.
• Excessive sun exposure is hazardous to the health, particularly in the childhood.
• To each UV level corresponds an easy protective action.

2. FRENCH UV INDEX PROGRAM
In France, the UV Index program is baptized La Meteo Solaire. The most detailed. information provides
UV level (forecasts and measurements), burning time (M.E.D. 21 mj/cm 2 and 42 mj/cm2) and appropriate
recommendations for 2 skin types (sensitive/children- phototype I and normal- photype Ill).
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2.1 The Meteo Solaire Chart
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• This complete chart of La Meteo Solaire can be found on the french Minitel, on the Internet and is
featured on several media (press and TV).
• The information can sometimes be simplified till a minimum : The UV Index value and the descriptive
term. Thus, the format of the information matches the needs and the requirements of the media. That is
a very useful! argument when dealing with the media.
• We always make sure that the protection actions (standing in the shade, wearing sunglasses, hat and
shirt), are put forward and that the sunscreens are simply presented as complementary means of
protection.
• In the media, the UV Index should always apply to a specific place and time..;frame. « The UV Index
wit! reach 8, very high, tomorrowbetween noon and 4 pm in the area ofBordeaux ».
0

2.2 Yhe M.eteo Solaire ~et•up
The french program started·'in 94. A first Robertson Berger 5<H UV sensor was installed on the roof ofthe
Rothschild Fonoation in Paris. The comparisons between cloudiness observations and UV measurements
alow us to set up a 24 hour UV Index forecast model, based on the Meteo France cloudiness forecasts.
The first Meteo Solaire reports were initially broadcasted on line through the Minitel network·(20 millions
users) and published in the regional newspaper Le Parisien.
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In 1995, 3 extra detectors (RB 501) were installed in the south of France, and the forecast program
covered the main touristic areas (sea shore). The Meteo Solaire was officially launched on June the 21st,
by a press conference in which the WHO representantative Reiner Schmidt actively participated. The
lauching was a big success, and the media broadcasted, aired and printed the daily Meteo Solaire forecasts
for the entire summer. The total space granted by the media amounted to 30 Million French Francs ($ 6
Million).
We analysed the forecasts issued by four measurement sites (Paris, Blagnac/Toulouse, Perpignan, Toulon).
Dates : From June 21"1 to August 31"1 1995
There were 267 comparisons made of UV forecasts Vs. Observations (one hour average) and cloudiness
forecasts Vs. observations.
•
•
•
•

0 point difference :
33 % of the forecasts
1 point diffetence :
40 %
2 point difference :
16 %
3 or more point difference :
11 %
(76% of these errors were due to 3 or more point errors in cloudiness forecasts)
• Average difference (UV forecasts/measurements in absolute value) : 1. 07
In 1996, 2 extra sensors were installed, one being a UVA 501 RB and the the forecast program was
extended to the Alpes and the Pyrennees. An internet service (www.club-internet.fr/securite-solaire/) was
also opened. It features La Meteo Solaire as well as a live overwiew of Paris including an updated UV
level on the hour. For the summer 96, the media space reached again a total of 30 Million F.F .. Finally the
Meteo Solaire has begun to implement its public field campaign in targeted areas (4.000 pharmacies in the
major sea resorts and 40 electronic urban billboards in two southern cities).
The Meteo Solaire set-up (from May 1st to September 15th)
The 8 Guly 97) captors network provides information on the hour (during the summer) to the central data
processing service ofLa Securite Solaire. Meteo France provides every day at 2.30 pm via internet its 24
hour cloudiness forecasts. The central service then processes the data and issues UV forecasts on the hour,
which are communicated to the media, the city electronic billboards, and to The Minitel and internet
services.

2.3 La Meteo Solaire survey
Evaluation of the Meteo Solaire effectiveness :
• Estimation of the media impact based on current advertising space costs (30 MFF in 95 and 96, 40 MFF
planned for 97)
• Analysis of sun cream sales trends : a sharp increase in products for children and in products with high
SPF( SPF> 12). However the products featuring less than 12 SPF represent the largest sales.
• Several public surveys done in France in 1992, 95, 97 by SANOFI-IPSOS revealed that :until 95, when
asked «What do you thing childhood sunburns do ... », 10 % of the pe?ple replied «it strenghthens,
(reinforces) the skin ... » and 30% replied« not serious if they are well taken care of». In 97, a shift in
thinking occured : the figures dropped to 6% and 24% respectively (still decreasing).
The main reasons for the succes of the Meteo Solaire :
•
•
•
•

Credibility and features of the program
Gain of media support
The media have free access to the Meteo Solaire information
Variety, quality and number of the partners involved
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2.4 La Securite Solaire organization
This long term program is implemented by a non lucrative association La Securite Solaire, presided by MD
JP CESARINI. The members of this association are scientists specialized in public health, cancerology,
dermatology, ophtalmology, meteorology and physics. For the first three years, the association budget
amounted to 2 Million FF. La Securite Solaire is funded by the french government (health office), by
regional authorities, by a group of private companies (skin care and eye care products) and by La ligue
Contre le Cancer.
There are four important facts :
• The budget of the association SECURITE SOLAIRE is outsdandingly low when compared to the
results obtained.
• The diversity of the partners shows that it is possible to federate various public/private organizations
which share the same objectives.
• The importance of the private sector lies in its range of contributions : The financing of the programs.
The sponsoring of actions related to La Meteo Solaire (Bartering with the media, leaflet publishing
etc.).
• The association overall independence is made possible by the high number of sponsors.

Upon an international exchange view, La Securite Solaire is ready to share its experience with national and
world wide organizations.

LA SECURITE SOLAIRE
• President: J.P. CESARlNI M.D.(Photobiologist, Cancer specialist- I.N.S.E.R.M.)
• General Secretary: 0. BINET M.D. (Dermatologist, Head of the Dermatology Dpt- Fondation
Rothschild)
• Treasurer N. AUFFRET M.D.(Dermatologist, Dermatology Department- Fondation Rothschild)
• Scientific Adviser
D. ARON-ROSA (Professor ofOphtalmology- Les Hopitaux de Paris)
N. AUFFRET M.D. (Dermatologist, Dermatology Department- Fondation Rothschild)
0. BINET M.D. (Dermatologist, Head of the Dermatology Department- Fondation Rothschild)
J.L. BOQUET (Professor ofPhysic, Head of the UV Metrology Laboratory ofLille)
J.F. DORE M.D.(Cancer epidemiology Specialist, I.N.S.E.R.M.- Lyon)
B. MUEL (Physicist- Paris)
M.C. POELMAN (Professor ofDermopharmacy- Paris V)
H. SANCHO-GARNIER (Professor of Public Health, Epidaure - Montpellier)
• General manager : P. CESARINI

PARTNERS
Avene, Clarins, Galenic, Mustela, Yves Rocher, Pierre Fabre dermo-cosmetique
Ministere de La Sante, Ligue Nationale Contre le Cancer
Regions Aquitaine, Poitou-Charente, Midi-Pyrenees, Nord Pas de Calais
Departement de Charente-Maritime, Villes de Blagnac et La Rochelle
Meteo France, Solar Light inc., Isotec, Club-Internet, Softel
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intended to capture the dominant sky condition during a six-hour window centered on solar
noon.
Recently, Environment Canada has developed a statistical model to allow reasonably accurate
adjustments to be made to the clear-sky UV forecast. The methodology and results of this
non-linear, classification and regression trees (CART) approach are presented in Burrows,
1997. The only inputs required by the model are the clear-sky UV forecast, solar zenith angle
and total cloud opacity. This work was undertaken primarily to develop statistical
relationships for the automated production of UV forecasts for sites across Canada. However,
the findings of the statistical analysis were also used to refine the UV-B cloud transmission
factors discussed earlier in this section. The revised factors are presented in Table 1.
Daily maximum UV Index observations from the Toronto Brewer spectrophotometer and
errors (forecast minus observed) in daily UV maxima for the months of May through August
are presented in Figure 1. The UV Index forecast was introduced into the regional public
weather forecast commencing May 23. The regional UV Index forecast for this period had a
mean absolute error of 0.8 UV Index units and a positive bias of less than 0.1 units. Seventyfour percent of the forecasts fell within one unit of the observed maxima.

UV Index Observations and Forecast Errors for
Toronto: May-August 1996
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Figure 1. UV Index Observations and Forecast Errors for Toronto, May·- August, 1996
Dissemination of the UV Index
When the UV Index program began in 1992, forecasts were produced for 27 sites across
Canada and distributed in a national bulletin. By 1997, the number of sites had grown to 48.
For each of these sites, the bulletin predicts the maximum UY Index and associated category,
the predominant sky condition (added in 1993) and the hours of the day for which the Index is
expected to be moderate or higher.

- 129 -

In order to increase the accessibility of the UV Index forecast, regional weather offices across
the country began exploring additional ways of disseminating the Index. In 1992 and 1993,
offices in Atlantic Region issued a twice-daily bulletin describing the forecast UV conditions
across the region. In British Columbia, UV forecast information is contained in a detailed
preamble to the public weather forecast. A survey of 65 radio and TV stations across the
province of Ontario in 1995 found that 70% of the outlets regularly broadcast the Index and
that 77% of the respondents favoured inclusion of the UV Index in the body of the public
weather forecast. For the last few years, Ontario and Atlantic Regions have adopted this
approach. In these regions, UV forecasts are now available for every community and are
updated when any significant change is made to the sky condition in the public forecast.
Awareness and Impact of the UV Index
Health agencies have indicated that the UV Index program has increased public
understanding of ultraviolet radiation and served to keep the sun protection message before
the public. A December, 1992 Decima Research survey of 1200 Canadians found that 73% of
respondents were aware of the UV Index and that, of those, 59% (43% of the full sample)
indicated that the UV Index had influenced their sun exposure habits. (Decima, 1993)
In the fall of 1996, investigators from the University of British Columbia conducted the most
comprehensive survey on sun protection ever undertaken in Canada. The National Survey on
Sun Protection and Protective Behaviours asked 4,023 Canadians a series of 55 questions
about their habits and attitudes concerning sun protection. Four of these questions dealt
specifically with the UV Index. Preliminary results indicate that 90% of respondents heard or
saw information on the UV Index between June and August 1996. From within this group,
57% (51% of the full sample) took extra precautions when the UV Index forecast was rated as
high. (Lovato et al., in progress)
References
Burrows, W. (1997). CART Regression Models for Predicting UV Radiation at the Ground
in the Presence of Cloud and Other Environmental Factors. J. of Applied Met., 36: 531-544.
Burrows, W., Vallee, M., Wardle, D., Kerr, J., Wilson, L. and Tarasick, D. (1994). Canadian
operational procedure for forecasting total ozone and UV radiation. Met. Apps., 1: 247-265 .
. Decima Research (1993). An Investigation ofCanadian Attitudes Related to Environment
Canada's UV1ndex. 6pp.
Kerr, J., McElroy, C.T., Tarasick? D., and Wardle, D. (1994). Canadian Ozone Watch and
UV-B Advisory Programs. In Proc. Quad. Ozone Symp. Charlottesville, VA, June, 1992, 794797.
Lovato C., Shoveller, J., Peters, L., and Rivers, J. (July, 1997, in progress). NationaJSurvey
.of Sun Exposure and Protective Behaviours. Tech.nicai Report.
Wardle, D., Kerr, J., O'Toole, A., and Saunders, R. (1995r The Canadian UV Index
Program: 1992-1994. In WMO Global Atmospheric Watch Report# 95, 80-87.

- 130 -

UV Information in New Zealand

WMO UV Index Meeting, Les Diablerets, Switzerland, 21-25 July 1997
Richard L. McKenzie
National Institute of Water & Atmospheric Research
NIWA Lauder, Central Otago, New Zealand
e-mail: r.mckenzie@niwa.cri.nz, fax: +64-3-4473-348, ph: +64-3-4473-411

There is strong public interest about UV in New Zealand. UV irradiances are relatively high
in summer; typically 40-60% greater than at similar latitudes in Europe, and can be close to
the maxima near the equator [Seckmeyer et al., 1995; McKenzie et al., 1996]. Skin-cancer
rates are also high, and are increasing. Currently reported melanoma rates in New Zealand
are the highest in the world for males, and second highest for females, with a mean mortality
rate of approximately 6.2 per 100,000 population (approximately 220 deaths per year in New
Zealand's population of 3.5 million) [Bulliard and Cox, 1996]. These rates are three times
higher than in the UK. Other factors stimulating interest in UV include the ozone depletions
that have occurred at mid-latitudes in recent years, and relatively close proximity to the
Antarctic Ozone "Hole" [WMO, 1995].
New Zealand was the first country (in 1989) to supply UV information to the public through
the media. Initially, it was in the form of a ''Time to burn", but following the WMO meeting
in Les Diablerets in July 1994, strenuous efforts have been put into replacing this concept
with the internationally agreed UV Index [WMO, 1994]. Although this has met with some
success, the TV network with the largest viewing audience was, at the end of last summer,
still using burn times rather than the UV index, despite earlier indications that it would make
the change. Its reluctance is apparently based on market research, which shows that the
concept of UV Index is not well understood, and it appears that the public prefers the by-now
familiar "burn time", despite its limitations. The scientific community is powerless to insist
on the adoption of the UV Index. We can advise, but the final decision rests with the
network, and will be based on its ability to attract audiences and hence advertising revenue.
As a result of this NIWA is considering following the lead of other agencies such as
Australia's CRC for Southern Hemisphere Meteorology, in providing. a national UV Index
service through the Internet.
The potential for confusion about the UV index and its relation to burn time is compounded
by the fact that for typical midday summer conditions, the two measures are similar, with a
UV Index of 12 corresponding approximately to a "burn time" of 12 minutes, i.e. their
product is approximately 144. This relationship follows from the assumption that a "burn
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2

time" (1 MED) corresponds to 21mJ cm· of erythemally-weighted UV [McKinlay and
Diffey, 1987]. Because the maximum values in New Zealand rarely exceed 12, there appears
to be a perception in New Zealand that UV index is a "closed" scale, rather than an "openended" scale. However, at Mauna Loa Observatory in Hawaii (altitude 3.4 km) UV
2
irradiances sometimes exceed 0.5 W m· , corresponding to a UV index greater than 20
[Bodhaine et al., accepted 1997], Clearly, very much higher values would be attainable at
altitudes above the ozone layer. Under such conditions, a meaningful determination of UV
Index would require more detailed knowledge of the erythema action spectrum at
wavelengths shorter than the usual atmospheric cut-off wavelength around 290 nm.
Even with complete understanding of UV index, there are remaining areas of concern. It has
been known for some time that UV irradiances under cloudy skies can exceed that under clear
skies [Nack and Green, 1974]. In unpolluted locations at least it appears that these
enhancements are common, rather than the exception, just as in the visible region of the
spectrum, where clouds are brighter than the background sky. In view of this, care must be
taken when attempting to include cloud modelled effects on UV index predictions.
Measurements will be potentially more realistic, but of course they are limited in spatial
extent, by calibration issues, and by our inability to extrapolate their results into the future.
A second issue, especially for unpolluted locations, is whether the index should be defined as
irradiances on a horizontal surface. For risk assessment, the irradiance incident on a surface
directed towards the sun may be more appropriate, since under clear-sky conditions, the UV
incident on such a surface can be 40% greater than on a horizontal surface. At high-altitudes
this enhancement could be even larger. However, the enhanced UV only occurs at larger
solar zenith angles, when atmosphericextinctions are large, so that the UV on the surface
normal to the sun is small compared with that for overhead sun conditions [McKenzie .et aL,
submitted 1997].
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UV INDEX AND DAILY DOSE;
AN ANALYSIS OF BELSK DATA AND FORCASTING

Janusz L. Borkowski, Janusz W. Krzyscin
Institute of Geophysics, Polish Academy of Sciences, Warsaw, Poland

1. Introduction
UV index programs were introduced as a response to public concern about risk of sun
overexposure, and index is now more and more widely used as a measure of UV radiation at
the ground level. The aim of this study is to establish relationship between the index and
some other quantities characterising UV radiation, particularly daily dose. UV index is calculated with the use of short time scale, whereas to daily dose contributes radiation reaching the
ground at varying meteorological conditions, and in some cases the relationship between
them can be obscured. In particular circumstances daily dose is strongly preferred and a possibility of the daily dose forecast at all sky conditions, with the use of simple statistical model
is also considered.
2.Data
Daily measurements ofUV-B radiation at Belsk (Poland, 52°50'N, 20°47'E) with the use of
Robertson -Berger meter in the Central Geophysical Observatory of the Institute of Geophysics
of the Polish Academy of Sciences started in May 1975. Since March 1992 a new model ofRBmeter UV-Biometer Mod.501A (No. 927) has been used, which in January 1996 was replaced
by instrument No. 2011. In February 1991 Brewer spectrophotometer with UV-B monitor was
installed. It is worth noting that also results of ancillary measurements are available including
total ozone content (by means of Dobson spectrophotometer) and global solar radiation. Such a
measurement program is helpful in quality control and analysis of the physical processes influencing the UV irradiance. In the present study only data for the period 1993-1996 were used in
order to have simultaneous measurements by Brewer spectrophotometer and RB meter.
3. Data analysis
Fig. 1 shows differences between UV indices calculated from UV
Biometer (indRB) and
Brewer
spectrometer
(indB)
measurements
normalized by indB. The
difference between indices and daily doses (not
shown here) are not large,
indRB is in the average
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2.8% lower than InB, and daily dose measured by UV Biometer is about 5% lower than measured by Brewer instrument.. However because of apparent drop of the sensitivity of UV Biometer during 1994-95, only Brewer data were taken into account in further analysis.

9.0

7.0

;>

5.0

;::l

:<

"

'0

.5 3.0

1.0

0

200

400

800

600

1000

1200

1400

Days

Fig. 2. UV index 1993-1996

Daily values ofthe UV index are shown onFig.2. In the analysis of the variation ofUV data
it is convenient to extract from the data variations associated with seasons. Seasonal variations (dashed line on Fig. 2) are approximated by superposition of sinus functions fitted to
the data by the least squares method . Solid line shows maximum values of the UV index for
clear sky calculated with the empirical model (Kerr et al. 1994). For whole period of observations in 23% of cases the observed UV index exceeds 90% of maximum value, during
summer season (May-August) the number of exceedance is even higher and amounts to 30%.
To establish a relationship between daily
dose of UV radiation and UV index, fractional deviations of both quantities were
considered. Fractional deviations were cal"'0
"0
culated as a difference between measured
and reference values normalised using reference value. .Reference values for daily
dose were constructed in the same way as
§"'
·.p -0.0
ro
for UV index. For the whole set of data
·~
linear relationship fits the data fairly well
"0
(;1
but analysis of residuals shows that about in
---: ..... ..
i:l -0.5
·o
10% .ofcasesthe difference of the-predicted
and actual values exceeds 20% .. The slope
-1.0
-0.5
-0.0
0.-5
l.O
of the regression line is 0.75±0.01, i.e. 1%
Fractional
deviations
ofUV
index
increase-in· UV index gives about 0.75% of
increase in daily dose. The relationship for
summer season is different; a.plot of fractional deviations 'of daily dose as a.function
Fig.3. UV daily dose vs. UV index
of fractional deviations of UV index is
shown on Fig 3. The slope varies depending on UV index and relative increase of daily ·dose
is highet for larger values of UV index ..
Q)

] --~~--~~--~--~~--~~
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4.Prospects of the all-sky UV daily dose forecast
The nowadays prognostic models of the UV irradiance reaching the earth surface are focused on the day-to-day prediction of the UV index under clear-sky conditions. The key point
of these models is to estimate the next day total ozone. The state-of-art total ozone prediction
model yields an estimate of the midlatitudinal total ozone in summer with the accuracy, of
about 10 Dobson unit (about 3% of the mean total ozone level in that period) and explain of
about 70-80% of the variance present in the day-to-day changes in total ozone (Burrows et. al.
1994; Spankuch and Schulz, 1995). In practice, the next day UV index is calculated on the
base an empirical formula that relates the surface UV irradiance with total ozone and zenith
angle (see for example Kerr et al. 1994). In cloudy conditions, user of the UV index forecast
will have to modify the clear-sky UV index
300
forecast multiplying its value by a specific
constants (e.g. 0.4 for rainy days).
Apparently UV index is sometimes not
sufficient to represent biological threat
caused by increasing UV irradiance. Thus,
our efforts here will concentrate on the dayto-day changes of the UV daily dose during
summer. We propose the following multiple
regression model to explain, ~(UV), relative
change of the UV daily dose from day to
day:

200

No.=213
R 2=0.96

lOO

-lOO
-lOO
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300
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Fig.4. Modelled and observed UV changes
where ~(X)=(X(n+ 1)-X(n))/ X(n), 0 3 -total ozone, Gl-global radiation, .n Julian day. The
model constants, a, have been found by least squares fit based on the 213 cases when the
change of the daily dose, total ozone, and global radiance could be obtained, during June
through August period of 1993-1996. Constants a 2 and a 3 are more than 2cr statistically significant, whereas a1=0 can be assumed. Figure 4
200
shows the model behaviour. The modelled
changes of the UV daily doses are in good
125
agreements with the measured changes. Almost
No.=213
96% of the variability of ~UV can be associated
R2=0.63
to ozone and global radiation changes. Distribu50
tion of the residuals indicates that the change of
~
UV daily dose can be modelled with an accuracy
~
-25
of about 10%. As it was stated earlier, the nowadays state-of-art models give a reasonable estimate of the next day total ozone. Thus, we focus
-1001-~--'--~--L..~~....L--~----J
on the forecast of the change of global radiation.
-100
-25
50
125
200
The following model is proposed,
Measurements
Fig. 5. Modelled and observed global
radiation changes
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where RH-relative humidity at local noon, P-surface pressure at local noon, Tmax and Tmin
daily maximum and minimum of the surface temperature. (Tmax-Tmin) can be used as a proxy
for the cloud cover. All these variables could be taken from a standard forecast of the meteorological parameters. Model explains about 63% of the variance ofthe day to day changes in
global radiation. Figure 5- shows that the model behaviour is much better for the changes in
global radiation less than 50% of its previous day value. For larger changes in global radiation, another parameters should be taken into account.
The efficiency of this· forecast scheme would depend critically on the accuracy of the next
day estimate ofthe global radiation. Assuming that from day to day changes in global radia:..
tion are small (less than 50%) it seems worthwhile to implement a simple statistical model
that· parameterizes global. radiation changes as dependent on standard meteorological parameters.
Acknowledgment. The study was partly supported by EC UVRAPPF proj_ect No.. PL
950169and ·oy the State. Inspectorate for Environment. Protection.
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UV index and on-line-Monitoring- What is a practical unit?
Manfred Steinmetz
1Bundesamt fur Strahlenschutz (BfS), Munchen-OberschleiBheim, Germany
(e-mail: MSteinmetz@bfs.de)

It ist widely accepted by scientific and medical authorities througout tb.e world that UV radiation
is potentially carcinogenic and. capable of producing.other undesirable helth effects, It is sensible
therefore to take steps to minimise UV exposure. This is best achieved w.ithin the context of an
integrated public health programme. An important aspect of tb,is is the provision of information to
the public on levels of solar UV to which they inay be exposed. For this purpose the use of a
simple universally applicable solar UV index is recommended.

In 1995 the International Non-Ionizing Radiation Protection. in collaboratiopn with the World
Health Organization, World Meteorological Organization and· the United Nations Environmental
Programme has issued a joint recommendation defining a 11 Global' solar UV index". In .the
meantime this global solar UV index is accepted ~Y many international institutions who are
engaged in public UV information.

As mentioned in an earlier f!.bstract, the Federal Office for Radiation Protection makes use of this
index, too. Although the UV index as the daily maximum effective irradiance dont render
possibly biological effects as good as i.e. a daily dose, more important is its attended text
information about UV and protection recommendations. So, ·the UV index is only a vehicle for
general messages about UV and therefore its unit of lower significance.
Due to accelerated deyelopment in electronic media· (Internet, Multimedia) the style of
representation becomes more spectacular but also the demand increases for more detailed
information in an more illustrate manner. This affects also the. reports on weather and the actual
air pollution. Print media extend space for additional information, electronic media present short
term variations, on-line as ever poss~ble. Even separate weather TV channels are established.
In case of monitoring the terrestrial UV radiation t9gether witl1 the UV index, there is a big
problem. The global solar UV index .is defined as 11 daily maximum effective irradlance 11 , that
means, one number characterises the UV situation of the whole 'day. On the other hand, on-linemonitoring demands a multitude of numbers presenting the daily variation of the' irradiance.
Reclierches in Internet and publications mostly demonstrate a misinterpetration of the global solar
UV index. Beside using the UV index as vertical scale unit in a UV daily course graphic there are
also seen tables with different UV indices depending on the time interval of the qay. These
different representations ·are the consequences of the desire 'to report shortterm UV levels. The
UV index is used both as daily maximum value and as irradiance unit of 25 mW/m2 • This
situation is not content, because it only confuse the public.
·
So, there is a need in discussion, what unit should be used in case of on-line monitoring. To
documentate the acmtal status a dose rate will be optimal. We recommend a unit based on a time
duration of 30 minutes, that time, that is used· as averaging time for the UV .index. The unit is
called 11 1/2 hourly erytb.emally dose rate 11 • An example is demonstrated below.
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Solar UV bulletins in the UK using solar indices and measurement data
Colin Driscoll
National Radiological Protection Board, Chilton, Didcot, Oxon OXll ORQ

Concern about the increasing incidences of skin cancers in the UK and their link with
exposure to the sun are driving forces behind health campaigns regarding sun exposure. As
an input to such initiatives, NRPB produces, from its network of solar radiation measurement
sites, weekly bulletins of levels of ultraviolet radiation from the sun at three locations at
different latitudes within the UK. This information is sent weekly to interested parties, such
as media outlets and organisations concerned with the health impacts from sun exposure. This
is a useful means of disseminating relevant information regarding current ambient UVR
exposure levels and their temporal variability. The bulletins are issued at the beginning of
each week from February through to October.
The network of solar radiation measurements, set up by NRPB, covers six sites in the
UK at around 2° latitude intervals. The most recently established site (1995) is at Kinloss
(~58° N). The sites at Camborne (~sooN) and Lerwick (~60° N) are Meteorological Office
locations and were established as network measurement sites in 1993. The longest running
measurements are those made at the NRPB centre sites at Chilton (~52° N), Leeds (:·"'54° N)
and Glasgow (:="56° N), established since 1988. Measurements from these three sites are used
in producing the weekly bulletins of solar radiation levels and it is envisaged that these
measurements will soon be available as real time display via the internet on NRPB' s web site
(www.nrpb.org.uk).
The UK measurement sites are part of a wider solar radiation measurement network
run by NRPB which includes two Irish and two Arctic measurement locations. The
measurements made at all of these sites are those of the sunburn potential of solar UVR, of
the UV A component of solar UVR and of visible radiation. Information about all these
components of solar radiation is important for a better understanding of the role of each and
the factors influencing their variations. These measurements are recorded continuously every
20 seconds to produce sets of mean values every 5 minutes for each site. The weekly
bulletins provide information only on the sunburn potential of solar UVR in bands of UVR
exposure. These bands are colour coded and given an identification number, conforming to
the Global Solar UV Index. Information relating to the peak irradiance, the daily (5h) dose
and the average weekly exposure are given. For the UK, the daily and weekly indices
provided in the weekly bulletins are in the range 1 to 7 with peak irradiance values
occasionally reaching 8 during high summer. A sUJ1111iary of the peak and daily exposures
relating to the solar index are published in the annual reports of solar radiation measurement
data from the network sites.
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The U.S. National Weather Service Ultraviolet Index;
Current Procedures, Verifications, and Future Implementations
by

Craig S. Long
National Oceanic and Atmospheric Administration
National Weather Service
National Centers for Environmental Prediction

The US . National Weather Service (NWS) has been operationally producing and distributing
an Ultraviolet (UV) Index since June of 1994. The UV Index was developed and established as a
cooperative effort between the NWS, the US. Environmental Protection Agency (EPA), and the
Center for Disease Control and Prevention (CDC) to raise the public awareness of the dangers of
UV radiation.
The NWS issues a UV Index forecast for the next day's solar noon time. The UV Index uses
the standards set by the WMO meeting in Les Diablerets, Switzerland in 1994. The UV Index
forecast is issued to 58 cities in the contiguous US., Alaska, Hawaii and Puerto Rico (Figure 1).
Lack of a cloud forecast are mandates that the clear sky UV Index be issues for Hawaii and
Puerto Rico . The forecasts are generated year round.
Forecasts use satellite observations of total column ozone by the TIROS Operational Vertical
Sounder (TOVS) instrument on NOAA-12. Deviations ofthe total ozone field from the previous
day is regressed against the deviations of height and temperature fields at significant levels. The
deviations of the forecast fields for height and temperature are used with the coefficients from the
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Figure 1. UV Index map for May 29, 1997 shows the
location ofthe 58 forecast cities.
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UV INDEX VERIFICATION SITES -1996
• EPA NETWORK -SPECfRAL(S)
BIOSPHERICAL - SPECfRAL(l)
*

RAY-BAN- MULTIFILTER(15)

Q NOAA/SURFRAD NET. -BROADBAND(4)
• NOAA/ISIS NETWORK- BROADBAND(lO)
+ USDA NETWORK- BROADBAND(ll)
• LOCAL OBS. -BROADBAND(S)

Figure 2. Locations ofUV surface observation sites for various networks.
regression to produce ozone deviations which are added to the ozone observations to create an
ozone forecast field. Clear sky erythemal dose rates are computed using a radiative transfer
model (Frederick and Lubin, 1988). Corrections for elevation (about a 6% increase per km) are
made and attenuations due to model output statistics (MOS) forecast cloud conditions are made
(0.992 for clear, 0.896 for scattered, 0.726 for broken, and 0.316 for overcast conditions). The
above is thoroughly discussed in Long et al., 1996.
Following each year's peak UV season (May though September) a validation study is
conducted to verify the UV Index forecasts. Surface observation data from the growing networks
of spectral, multi-filter, and broadband radiometers (51 in 1996, Figure 2) are collected and used
to determine solar noon time averages which the UV Index forecasts are compared against
(Figure 3). The overall result ofthe 1996 comparisons between the surface observations and the
UV Index forecasts is that 26% of the forecasts are exactly correct, 65% of the forecasts are
within ±1 index unit of the observations and 84% of the forecasts are within ±2 index units
(Figure 4). This is slightly less than the 1994 verification (Long et al., 1996) in which 75% were
within ± 1 UVl unit. As the forecast system has remained the same, this change is attributed to the
increase in number of sites (3 0 more) and different types of instruments being used to measure the
surface UV radiation. The general characteristics of the UV Index remain unchanged: the UVl
forecasts are higher than observed on very cloudy or overcast days and slightly lower than
observed on clear days. This is consistent with past verifications.
The UV Index verification process also gives insight as to the quality of the observations.
Aside from the elevation adjustment there is little site dependance of the UV Index forecast (local
albedo and optical thickness are not currently included in the UV Index computations). This
provides an unbiased means of comparing observations from different sites. The latest UV Index
verification report (Long, 1997) points out how two networks of Yankee Environmental Systems
(YES) UVB-1 instruments differed from other networks made up of spectral, multi-filter, and
Solar Light broadband instruments. The observations from the YES instruments routinely were
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UV Index Verification
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Figure 3. Time series comparison of UV Index forecast and clear sky
conditions with noon time observations at Sterling, Virginia. Observations
are made with a Solar Light UV -Biometer 501 .
biased high compared to the UV Index and other eo-located observations. This finding is also
discussed in Meyer and Seckmeyer, 1996. In the past, the UV Index forecast has been used to
detect and alert observers of potential problems with their instruments. Individual observers have
little opportunity to compare their observations with others. The UV Index forecast provides a
standard to compare against.
The most important result from the verification is insight as to the shortcomings of the current
inputs and forecast methods used to derive the UV Index forecast. It is apparent that more (or
different) cloud forecast information should be used. Usage of the MOS cloud information has
the following limitations: 1) contained to the continental US ., 2) cloud forecasts are never 100%
or 0%, 3) forecast covers a three hour window, 4) little information is available about the cloud
height and cloud thickness, and 5) no information about the cloud optical properties is available.
The proposed course of action is to make use of the numerical forecast model's layer information
(temperature and relative humidity). Using the numerical model ' s data directly, allows us to get
cloud information for the entire world; provide information about multiple layers, their height and
thickness; and the types of clouds present. The radiative characteristics of these model generated
clouds need to be determined. This can be done by relating UV reflectivity observations from the
NASNTotal Ozone Mapping Spectrometer (TOMS) instrument (currently being
(TOMS/ ADEOS) or soon to be (TOMS/Earth Probe) processed by NOANNESDIS) to observed
clouds and then apply this relation to the forecast clouds used by the UVI.
Other factors affecting the net flux ofUV to the surface, but are currently fixed include effects
due to atmospheric aerosols and the surface UV albedo.
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Departure of Fcst UVI from Obs UVI
All Sites
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Figure 4. Histogram of departures ofUV Index forecasts from
observations for all sites.
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MEXICO CITY UV-B MONITORING NETWORK & PUBLIC DVINDEX REPORT
L. R. ACOSTA

Mexico City UV Monitoring Network, S.I.M.A.-R.A.M.A., Direction ofPollution Prevention
and Control, Ministry of Environment, Mexico City Government
Atmospheric Physics Laboi·atmy, Trent University, Peterborough, Ontario, Canada, K9J-7B8
(email: racosta@trentu. ea)

UV Monitoring and the UV-INDEX: The case of Mexico City
Located at 2250 m.a.s.l., within the tropics, Mexico City Metropolitan Area, has a population
around twenty million people are exposed to year-round high solar radiation levels. Also four
million vehicles and industrial activity in a valley surrounded by mountain ranges, are
responsible for high concentrations of atmospheric emissions from hydrocarbon burning
activities. Environmental contingency programs are implemented whenever ozone pollution
levels are above 275 p.p.b .. Photochemical species, specially ozone is still the most damaging
pollutant in Mexico City, whose life cycle is closely related to solar UV radiation. Mexico City
provides excellent conditions for taking solar radiation and ground level ozone measurements.
People follows very closely the environmental reports on the Media.
Solar radiation monitoring programs have been conducted for several years in Mexico, by the
National Meteorological Service, the Geophysical Institute of the National University and in
the University of Colima, using broader spectral range instruments like pyranometers for total
solar radiation and Eppley instruments for measuring over the total range of the UV spectrum.
Inspired in the Canadian UV-INDEX program that begun 1992, UV-B monitoring and the
daily UV public report were introduced in Mexico in 1993 through SIMA, an environmental
collaboration initiative of Trent University's Atmospheric Physics Laboratory, Monterrey
Institute of Technology, and Televisa Hispanic television network. The pilot project for UV-B
monitoring, UV awareness and public information program was begun in the spring of 1993,
with the first daily UV orientation report in Hispanic television through Televisa Network.
Preliminary measurements were taken to study the basic UV morphology at ground level and
in the urban environment in Mexico City, and the tropospheric ozone contribution to the total
ozone column. Results have shown that clouds and pollution in the urban atmosphere are
responsible for significant attenuation of UV-B radiation. Due to urban pollution, altitude and
local cloud conditions UV-B levels vary between regions of the city. Nevertheless UV solar
radiation in the Valley of Mexico can reach above 12 UV-INDEX units hour average in the
spring and summer months, and above 7 UV-INDEX units hour average in the fall and winter
months. High intensity UV-B is recorded year round. One MED is the Minimum Erythema
Dose, required to provoke in skin type II (white Caucasian) an erythema. Erythema is the
reddening skin, prior to a sunburn.
The Mexico City Government invited me to conduct design and development of the Mexico
City UV Monitoring Network in 1997 and to coordinate the permanent official DV-INDEX
public awareness and information program, with similar characteristics to the pilot UV project
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that was implemented in 1993. The public information program follows the guidelines
recommended by the W.H.O., W.M.O. and Environment Canada. The design considers the
selection of 10 characteristic stations of the Automatic Atmospheric Monitoring Network
(R.A.M.A.) for the implementation of broad band Robertson/Berger UV-B and UV-A
instruments.
For the purpose of environmental atmospheric studies, the UV Monitoring Netv-.:·vrk
configuration of provides simultaneous measurements of air quality and/or meteorological
variables, taken along the UV-A and UV-B measurements, to study long term trends of the air
quality and the optical transparency of the Mexico City atmosphere in the UV spectral region.

Monitoring Center for IN, air quality and meteorological variables
3

Monitorillg Instruments
1 UV-A
2 UV-B
3 Total solar radiation
4 Wind direction

5 Wind velocity
6 A trnospheri.c pressure

2

:
A PM-10 suspended
particles.
B Ozone ana.lyzer
C Nitrogen oxides
D Sulphur dioxide
C C!Ubon monoxide

Data adquisition:
a Analog signals
b Analog to digital converter & multiplemr
c Computer
d Modem- phone lines
e Network (TCPIIP- Novel)

7 Temperature & h1lll:lidity

Figure 1. SIMA - RAMA UV monitoring station with air quality and meteorological
instruments.
The downtown and the outskirts Mexico City stations will integrate the operation of solar
radiation monitoring instrumentation UV-B and UV-A and to measure the concentration of
03, N02, CO, S02, PM-10 and also meteorological variables (see fig.· 1). In coordination with
the National Meteorological Service we will operate a high altitude UV monitoring site at
3800 m.a.s.l., above the boundary layer (see fig. 2), to compare with the Mexico City
downtown and outskirts UV levels.

Estimation of the UV-INDEX
For the DV-INDEX calculation data is taken from UV-B instrumentation weighted with the
erythema spectral response. The instruments are located at five different characteristic areas of
the city (Northeast, Northwest, Center, Southwest and Southeast). Automatic datalogers in
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each ofthe monitoring stations (see fig. 1) take minute measurements that are averaged to one
hour averages. Each one hour average is converted into :
•
•
•
•

2

mw/m
DV-INDEX and rounded to the nearest integer.
Erythema time for skin type II
Erythema time for skin type V

(reported to the public)
(reported to the public)
(reported to the public)

External variables that may influence the UV-INDEX report are all incorporated in the actual
measurement. The monitoring network and the intense public information program, provides
for reports to the public of current conditions valid to the hour, instead of forecasts techniques.
Forecast resulted very unreliable, considering changing cloud conditions and different degree
of UV-B attenuation due to tropospheric ozone and pollution. According to our preliminary
studies, UV-B attenuation can be higher than 25% between downtown and outskirts areas of
Mexico City (see figure 2).

Stratospheric Ozone Layer

1!t!11
~~
UV-B

~ J,

UV-A

High Altttude UV monitoring site

J~

~~

UV-B
UV-A
OUTSKIRTS UV monitoring site

Figure 2. UV monitoring at downtown, outskirts Mexico City and at the high altitude site.

Informing the UV-INDEX to the Public
Hourly UV-INDEX reports are being issued from 9:00 to 18:00 hrs, and disseminated to the
public through radio, press, television and Internet. It includes the daily UV intensity and
erythema times for clear (type II) and dark (type V) skin. Recommendations for a healthy solar
exposure ci,re included in seasonal bulletins. National television played a very important role in
the'UV awareness, being the firstintroducing a daily UV-INDEXvideo-clipreport (see fig. 3).
The hourly UV levels are distributed to the Media agenCies through fax reports and the
WWW/Intemet
Mexico
City
Environmental. system
(http://www.calidad-delaire.g·ob.mxlsima). The UV report inlcudes :
•. {a) DV-INDEX r_ounded to the nearest integer
(b) Erythema time for skin type 11
(c) Erythema time for skin type V
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• The DV-INDEX numbers are reported to the public every hour 365
days/year from 9:00 to 18:00 hrs., along with the urban air pollution index
(IMECA).
The media should have a wide and intense participation in the dissemination process, as well as
education, health, tourism and environmental international agencies must work together to
introduce a global DV-INDEX, the new solar environmental variable for the culture of the
XXI century.

Figure 3. Daily DV-INDEX report and erythema times for dark (type V) and clear skin (type
II) on Mexican T.V. (TELEVISA - SIMA).

Regardless of the threat of further ozone depletion, UV driven processes and healthy solar
exposure awareness are of concern. We would be interested in collaborate to extend the
Canadian and I or American forecasting programs into Mexico, in order to integrate North
American DV-INDEX reports and to work towards an international integration of the Global
DV-INDEX.

References
Acosta, L. R.. 1996, Disefio del Sistema de Monitoreo UV para el Valley de Mexico.
Direcci6n General de Proyectos Especiales, Secreteria del Medio Ambiente, D.D.F.
Ciudad de Mexico.
Evans, W. F. J., L. R. Acosta. 1992. The measurement of ultraviolet radiation and sunburn
time over Southern Ontario and Mexico City. Air Pollution. Southampton Boston,
UK .. Computational Mechanics Publications. The Cromwell Press Ltd .. 381-392.
Frederick, I. E., A E. Koob, A D. Alberts, E. C. Weatherhead. 1993. Empirical Studies of
Tropospheric Transmission in the Ultraviolet: Broadband Measurements. Journal of
Applied Meteorology. 32:1883-1892.
Kerr, I. B., C. T. McElroy. 1993. Evidence of Large Upward Trends of Ultraviolet-B
Radiation Linked to Ozone Depletion. Science. 262:1032.
McKinlay, A, B. L. Diffey. 1987. A reference action spectrum for ultraviolet induced
erythema in the human skin. Human Exposure to Ultraviolet Radiation: Risk and
Regulations. Esevier, Amsterdam. W. F. Passchier and B. F. M. Bosnajacovif 83-87.

- 151 -

UV-index in Sweden- Experiences
UlfWester \ Weine Josefsson
1
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Swedish Radiation Protection Institute, S-17116 Stockholm, Sweden
Swedish Meteorological and Hydrological Institute, S-60176 Norrkoping, Sweden

Background
In 1993 awareness of risks of sun overexposure and of the depletion of the protective
stratospheric ozone layer caused newsmedia and the public in Sweden to ask for simple and
up-to-date information on solar UV-radiation and its practical consequences. Inspired from
Canadian experiences the Swedish Radiation Protection Institute (SSI) and the Swedish
Meteorological and Hydrological Institute (SMHI) introduced daily forecasts- UV-index- of
the level of the sun's ultraviolet radiation as a service to media and the public. The forecasts,
· produced by SMHI, have continued each summer since 1993 and are intended to help judge
solar UV strength.

Distribution of UV -index 1993-1997
1993 and 1994 the UV-index was distributed via a newsagency and a media subscription
system. The first summer 1993, after a spring with news reports of ozone depletions, 24
newspapers, 4 radiostations and 1 TV-network reported the daily UV-index forecasts. There
were a number of introductory articles with also other UV -related information. However the
summer turned out to be extremely rainy - and the impact on the public of the UV -index is
unknown.
In 1994 stratospheric ozone was reported to be almost normal. Spring was a cold and at the
beginning of that summer 8 daily papers and 1 radiostation had the UV-index information.
The summer turned out to be sunny and a number of UV- and UV-index related articles
appeared in the press.
In 1995 Swedens UV-index was changed from a 0-100 scale to conform with the
WMO/WHO scale. The SSI subsidized free distribution of the UV -index from SMHI via a
news agency to interested media. The UV -index forecasts were also distributed with a sunsmart campaign and ambulatory skin clinics visiting beaches. A large number of articles
resulted. However it is difficult to give a figure of how much the UV -index appeared in the
media that year.
In 1996 three Swedish daily newspapers with nationwide coverage and·a number of local
papers had the UV-index included in their weather information. A TV-channel carried some
but not regular information about the UV -index during the summer. The first half of that
summer was rainy and cold. The month of July 1996 was reported to be one of the coldest so
far during the century. This may have limited the importance of the UV-index to the public
1996. In the summer of 1996 the UV-index was also for the first time in Sweden made
available directly to the public on the internet world-wide-web. During the summer there
were some 1100 visits to SMHI's home page.

- 153 -

In 1997 the UV-index forecasts, jointly presented by SMHI and SSI, are made available
directly to media and the public via SMHI's intemet home pages http://www.smhi.se. An
English version is presently available at the intemet address
http://www.smhi.se/uvindex/en/uvprog.htm. Interested newspapers and media can also this
year get the daily UV-index forecasts distributed from a news agency.
The number of papers reporting UV-index forecasts 1997 can not yet be specified. Swedens
largest daily morning paper with nationwide coverage has the predicted UV-levels for a few
Swedish regions included in its weather information. A couple of local papers have either their
local UV-index forecast only- or the full UV-index table for all Swedish regions.

SMHI's and SSI's presentation of the UV-index 1997
The UV -index web pages present a table of forecasted UV-index in actual weather for sixteen
regions in Sweden. There are also climatological clear sky values typical of the Alps, the
Mediterranean and the Canary Islands and recommendations for safe time in the sun. As a
particular service to local newspapers there is a detailed forecast of daily variation of UV for
each Swedish region together with tabulated recommendations of safe time in the sun.
UV-index prognoa
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Figure 1. Each day a detailed forecast of daily variation ofUV can be viewed at SMHI's
intemet homepages for each Swedish region.

Safe suntime sundisk
Sensitivity to the sun varies considerably among different individuals and skin types. In order
to make detailed sun exposure information available for people with the three most sensitive
skin types, SSI distributes a sundisk that can be used to dial safe sun time from the UV -index
of the day.
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Figure 2. The sundisk, to dial safe suntime from the UV-index one's skin type, was developed
by the Swedish Radiation Protection Institute and the Dept. of Cancer Prevention of the
Karolinska Hospital Stockholm.

Verification of the UV -index
SMHI and SSI make UV-measurements in Norrkoping and Stockholm respectively and can
check the UV-index forecasts at those locations.
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UV -index forecast Stockholm 1996
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Figure 3. VaiiatJons -of the UV-index forecasted bySMHI 1996 for Stockholm compare well
with variations ofuncalibrated data from a continouslymeasuring dual-channel UV -monitor
at'SSI.

'Public awareness i()f the UV-'inilex
To what extent the public is aware of the UV ~index in Sweden is not well known. Journalists
and reporters ofSwedishmediais the group thatprobably-best should know about the
existence ofthe UV-index - although it is not assessed how well they may know it.
The following few examples vaguely indicate some awareness at least among 10 % of the
public (private communication, Cecilia Boldemann, Dept ofCancer Prevention, .Karolinska
Hospital, Stockholm): l) Students in 18high school classes in the Stockholm county were
asked if they had heard ofthe UV-index. In two of the classes no students knew aboutthe
UV-index. In the remaining 16 classes of 20-30 students each,on the average 2-3 students did
know that the UV-index existed. 2) Eleven parents in a group of 30 parents of preschool
children had heard about theUV-index. 3) In a written questionnaire at one school44% ofl14
students answered that they had heard about the UV....;index.
To what extent the UV ...:index may have contributed to protect people from sunburns or to
change their tanning habits is presently not known. A planned poll may give more definite
answers of public awareness etc. of the UV-index in Sweden.

Extended use for the UV~index 1
As the UV-index concept slowly may establish itself in the awareness of the public as an
understandable declaration of the level of solar UV-strength, it may possibly also be used to
inform the public of the level of erythemally effective UV-radiation from artificial tanning
devices- which are widely used and may pose hazards. Sunbeds often are equivalent to UVindex 12 or more!
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QA-SAC and UV in GAW

John M. Miller
World Meteorological Organization
Geneva, Switzerland

There are many urgent environmental problems confronting society, such as global
warming, depletion of the stratospheric ozone layer, acid rain, etc. which are connected with
the man-made changes in the state and composition of the atmosphere and its interactions
with other environmental media. As a part of the United Nation's world-wide programme to
monitoring these changes, WMO's Global Atmosphere Watch (GAW) system has been
tasked with coordinating two related atmospheric chemistry environmental problems: 1) To
understand the relationship between changing atmospheric composition and changes of global
and regional climate 2) To describe the regional and long-range atmospheric transport and
deposition of natural and anthropogenic substances.
The complete GAW measurement programme for global stations includes ozone (total
column, vertical profile and surface), greenhouse gases (C02, CFCs, CH4, N20), solar
radiation including UV, optical depth, total aerosol load, reactive gas species (CO, S02, NOx,
VOCs), chemical composition of precipitation and atmospheric particles, radionuclides and
meteorological parameters. To ensure the required quality of data, a quality assurance/quality
control plan for GA W has been developed. Quality Assurance Science Activity Centres
(QA/SAC) have been established in Germany, Japan and the United States. Their duties
include preparing QA/QC guidance for a given GAW measurement and coordinating training.
Harmonizing the measurements of UV radiation world-wide is one of the goals of the
WMO Scientific Advisory Group (SAG) for UV. An important part of this activity is the
preparation of guidelines on QA and QC. Because of the complex nature of UV
measurements, the QA/SACs have not had a role in preparing UV protocols and
intercalibration techniques since there are no recognized international standards on which QA
guidance can be based. Thus, when advice on such protocols is agreed upon by the work of
the WMO's Scientific Advisory Group for UV, the QA/SACs are ready to perform networkwide quality review of the measurement ofUV radiation on a global basis.
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WMO Quality Control Guidelines for UV Data
AnnR. Webb

University of Manchester Institute of Science and Technology, Department of Physics, P.O.
Box 88, Sackville Street, Manchester, M60 1QD, UK

UV indices, calculated or defined by whatever means, are based upon the erythemal
irradiance at a given location. The irradiance and/or UV index for clear skies may be
calculated from actual or forecast ozone, as for UV forecasts. However, for real-time, realsituation UV indices the measured erythemal irradiance is required. Broadband erythemally
weighted UV radiometers provide a direct measure of erythemal irradiance, or it can be
calculated from spectral data or the multiple narrow band information from filter radiometers,
The UV index is then only as good as the data upon which it is based.
The WMO has set up a Scientific Steering Committee (SSC) to oversee the development of a
global UV database containing data from all types of instrument. The data will have many
potential uses, one of which is the calculation of UV indices. As part of the development
process the issue of data quality is being addressed. The first Quality Assurance/Quality
Control (QNQC) task has been to define guidelines for on-site QC. The guidelines describe,
and detail the procedures for providing, the requested information about the site, instrument,
calibration procedures and uncertainty estimates associated with any set of data. The
information may be classed as compulsory (e.g. latitude and longitude of site), recommended
(e.g. actual angular response rather than a typical response for the instrument type) or optional
(e.g. polarisation effects). Site operators are encouraged to develop good QC practices, and
progress in provision of QC data from compulsory to optional information as they improve
their site facilities and procedures.
The total uncertainty estimate for the data is calculated from the instrument characteristics
and operation, and the calibration procedures and facilities. Uncertainties from each source
are defined, and where necessary methods or algorithms for their calculation are provided.
Where uncertainties depend upon the conditions of measurement (e.g. whether the sky is clear
or cloudy) estimating an uncertainty is more complex, especially as the conditions of
measurement are not always known. One such example is the uncertainty due to an imperfect
angular response of the input optics, where the uncertainty depends both on the angular
response of the instrument and on the distribution of the incoming radiance. In cases such as
this the means of calculating a standardised uncertainty are provided, using clearly specified
"typical'' spectral shapes and radiance distributions. The resulting uncertainties will be exact
for very few measurements, but they will be representative of the sort of uncertainty that can
be expected, they will be directly comparable between sites, and··everyone will know what
they mean and how .they were calculated. Such transparency should enable data users to select
data according to their own criteria for acceptance.
The uncertainty in the erythemal irradiance, from whatever source, will lead· to an equivalent
uncertainty in the UV index, thus tolerance levels for uncertainties in erythemal irradiance
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need to be defined. The uncertainty estimates for broadband radiometers are direct
uncertainties in erythemal irradiance. Uncertainties for spectral instruments are dependent on
wavelength, and are calculated for 300nm, 310nm and 350nm. As a first approximation the
uncertainty at 31 Onm could be used to represent the case of erythemal irradiance. Multi-filter
instruments have not yet been thoroughly addressed for QC purposes.
The current guidelines provide details for on-site quality control. The task of external quality
assurance remains to be addressed
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ANNEX F

PRESENTATION TO THE SESSION ON EFFECTIVENESS OF INDICES AND
DISSEMINATION TO THE PUBLIC

The INTERSUN project's use of the UV index (M.H. Repacholi)
Ongoing efforts by the U.S. EPA in ultraviolet radiation science, outreach and monitoring
(C.S. Long)
Applicability of current UV index for ocular exposure (D.H. Sliney)
An epidemiological evaluation of the UV index (B. Armstrong and A. Kricker)
Dissemination, knowledge and use of UV index (A. Kricker and B. Armstrong)
Education of general public on solar UV in Finland (K. Jokela)
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THE INTERSUN PROJECT'S USE OF THE UV INDEX
Michael H Repacholi
World Health Organization, Geneva, Switzerland
Introduction
At the United Nations Conference on the Environment and Development (UNCED) in
1992 it was declared under Agenda 21 that there should be activities on the effects of UV.
Specifically. to undertake as a matter of urgency, research on the effects on human health of
increasing UV reaching the earth's surface as a consequence of depletion of the stratospheric
ozone layer~ and on the basis of the outcome of this research, consider taking appropriate remedial
measures to mitigate the above mentioned effects on human beings.
There is great uncertainty about future trends in atmospheric ozone. For example the
Antarctic holes and large depletions of ozone that have occurred recently were not predicted in
any of the ozone depletion models. While agreements have been reached to reduce releases of
CFCs into the environment, and this will have future benefit on the ozone layer, there is
uncertainty about the extent of ozone depletion caused by chemical pollutants. What is apparent
is that decreased ozone levels will persist for many years to come and the corresponding increases
in UV intensities will result in more significant adverse health effects on all populations of the
world for many decades to come (WMO 1993).
An environmental health criteria monograph entitled Ultraviolet Radiation (EHC 160) was
published by WHO in 1994. This publication was the result of the most thorough review of the
scientific literature by an international task group and identified gaps in knowledge, recommended
research needs to fill these gaps, and provided an updated assessment of health hazards from UV
exposure. This monograph forms the scientific basis for the INTERSUN Project.

Exposure to the sun is known to be associated with various skin cancers, accelerated skin
aging, cataract (opacity in the lens of the eye) and other eye diseases, and possibly has an adverse
effect on a person's ability to resist infectious diseases. The United Nations Environment
Programme has estimated that over 2 million non-melanoma skin cancers and 200,000 malignant
melanomas occur globally each year. In the event of a 10% decrease in stratospheric ozone, with
current trends and behaviour, an additional300,000 non-melanoma and 4,500 melanoma skin
cancers could be expected world-wide. Some 12 to 15 million people are blind from cataracts.
WHO has estimated that up to 20% of cataracts or 3 million per year could be due to UV
exposure. Given that, in the United States alone, it costs the US Government $US 3.4 billion for
1.2 million cataract operations per year, substantial savings in cost to health care can be made by
prevention or delay in the onset of cataracts.
The health effects ofUV are not restricted to fair skinned populations. UV exposure is
thought to cause diseases of the eye and suppression of the immune system in all populations of
the world. UV induced immune suppression may have adverse consequences on infectious
disease immunization programmes, particularly in areas where the UV intensities are high. The
possibility that UV will cause progression of various diseases such as for IDV positive patients
still has to be elucidated. Many such important issues need to be resolved as a matter of urgency.
The WHO Task Group reviewing this monograph strongly supported action and
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coordination ofUV research at the international level. In particular the Task Group supported
the concept of the International Research Project on Health, Solar UV and Environmental Change
(INTERSUN). INTERSUN is a collaborative effort between WHO, the United Nations
Environment Programme (UNEP), the International Agency on Cancer Research (IARC) and the
International Commission on Non-Ionizing Radiation Protection (ICNIRP). The group recognized
specific activities and research needs in areas of exposure assessment, terrestrial plants, aquatic
ecosystems, and human health effects related to the skin, immune system and eye. Some of these
could be accomplished under the umbrella of INTERS UN, and some, at least initially, would
require more basic laboratory research to be undertaken.

Objectives

.,.
.,.
.,.
.,.
.,.
.,.

The objectives ofiNTERSUN are:
to collaborate with specialist agencies to implement activities and research .
to accurately evaluate the quantitative relationship between solar UV at the surface of the
earth and human health effects;
develop reliable predictions of health consequences of changes in UV;
provide baseline estimates of the occurrence of health effects of UV in representative
populations around the world;
develop practical ways of monitoring change in these effects over time in relation to
environmental and behavioural change; and
provide practical advice and information to national authorities on the health effects ofUV
exposure, and ways and means of disseminating this information and measures to protect
the general public and workers against the adverse effects ofUV.

Achievements to date

.,.

INTERSUN has achieved much since it was established in 1992 .
Publication of the environmental health criteria 160 on Ultraviolet Radiation. Joint
publication of the WHO, UNEP and ICNIRP. Report produced in collaboration with the
US Environmental Protection Agency, US Army Center for Health Promotion and
Preventive Medicine, Japanese Environment Agency, and an international task group. This
forms the scientific database for implementation ofiNTERSUN. WHO, 1994 .

.,.

Health and environmental effects ofUV: A summary ofEHC 160 in a language that
allows for a wider readership. Joint publication between WHO and UNEP. Publication
WHO/EHG/95.16, 1995.

...

Protection against exposure to UV. Joint publication between WHO and UNEP. Report
produced in collaboration with the US Environmental Protection Agency, US Army
Center for Health Promotion and Preventive Medicine, Japanese National Institute for
Environmental Studies, and an international task group. Publication WHO/EHG/95.17.
Provides the basic measures needed to protect against the adverse effects ofUV exposure.
Ultraviolet radiation exposure dosimetry of the eye. Joint publication between WHO and
UNEP. Report produced by US Army Center for Health Promotion and Preventive
Medicine. Publication WHO/EHG/95.18, 1995. Gives details of the factors necessary to

~
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assess UV exposure to the eye and will be incorporated into research protocols for
studying human epidemiology and UV health effects.
Global solar UV index. Joint publication of WHO, WMO, UNEP and ICNIRP. Report
was assisted by a grant from the German Government. Publication ICNIRP-1/95, 1995.
Provides an internationally acceptable index of daily UV exposure that can be used in
conjunction with the news and weather reports to alert people against the adverse health
effects ofUV exposure.
"'

A workshop on UV immune suppression and the p53 gene was conducted in collaboration
with the USEPA Research Triangle Park, NC in December 1995. The workshop reviewed
the research on UV suppression on the immune system, identified gaps in knowledge and
recommended further research needs to fill these gaps. It also reviewed the studies on the
P53 gene as a possible biomarker for UV exposure and the current knowledge on personal
UV dosimetry. A report on the results of this workshop was published: MJK. Selgrade,
MH Repacholi, HS Koren {1997) Ultraviolet radiation-induced immune modulation:
Potential consequences for infectious, allergic, and autoimmune disease. Environmental
Health Perspectives 105(3): 332-334.

Collaborating Centres
Since the tasks identified below require a broad cross-section of expertise, WHO has
enlisted the support of a number of collaborating centres. These are specialist centres in various
countries that can address specific objectives within their own programmes and assist and
collaborate with WHO to complete the INTERSUN aims and objectives. There is ongoing
discussions with WHO about the projects that can be accomplished and the documents that can
be published jointly with WHO under the INTERSUN umbrella. Centres collaborating with WHO
on INTERSUN include: US Environmental Protection Agency; US Army Center for Health
Promotion and Preventive Medicine; US Food and Drug Administration; National Radiological
Protection Board, UK.; National Institute for Radiation Hygiene, Germany; National Institute for
Environmental Studies, Japan, and the Australian Radiation Laboratory.

Current and proposed activities
1.

2.
3.
4.

Provide research information on an ongoing basis
a.
Maintain an updated bibliography of research, including copies of all reports and
journal references.
b.
Listing of active researcher and institutions involved in research.
c.
Inventory of ongoing research projects and a catalogue of research
recommendations by various peer review groups.
d.
Newsletter giving updates of INTERS UN activities - three first newsletters have
already been published.
e.
Provide updated information on the INTERNET.
Provide training packages on UV protection for use in developing countries. This
would need to be translated into a number of different languages.
Conduct workshops on UV health effects and protection.
Complete the drafting of an international protocol for conducting epidemiological

- 165 -

5.

6.
7.

8.

9.

10.
11.

studies in various countries to determine the association between UV exposure and
various diseases of the eye. Once completed this protocol will be published in the
scientific literature and encouragement given to funding agencies to fund this research.
Conduct an epidemiological study on children to determine the influence of
UV-exposure on the effectiveness of the tuberculosis vaccination. A protocol and
costing for this project have already been completed.
Conduct an epidemiological study to determine the influence ofUV exposure on the
effectiveness of measles vaccination in children.
Conduct an epidemiological study to determine the influence ofUV exposure on the
effectiveness of Hepatitis B vaccine in travellers going from temperate to tropical
regions.
Determine the accuracy of a DNA biological UV dosimeter in human subjects. This
dosimeter could be sufficiently precise, cheap and portable to allow its use in the
conduct of large scale UV epidemiological studies.
Promote the use of the solar UV index in various countries. Publications in various
languages will be needed to describe the UV index to a lay audience and to assist
national programs inform the general public about UV exposure and health.
Conduct a survey of the effectiveness of the UV index within a UV health protection
programme.
Seek collaborators to conduct research and activities identified in Appendix 1.

Promotion of UV Index
With the establishment of an internationally acceptable UV index, WHO is promoting
its use in the many WHO member countries worldwide. This is done through contacts at
meetings, correspondance and by actively encouraging public campaigns to advertise the UV
index, its meaning and educational UV protection messages associated with it. WHO will be
working closely with its Collaborating Centres to prepare documents for general public use
and for national authorities to assist them in promoting the UV index.

Funding
To continue its activities, WHO has to obtain extrabudgetary funding. At present there
are difficulties in funding all the activities needed for an effective educational programme, but
donor countries are still being solicited for assistance.

For further information contact:
Dr Michael H Repacholi
Responsible Officer, Radiation Protection and Global Hazards Assessment
Office of Global and Integrated Environmental Health
World Health Organization, CH-1211 Geneva 27, Switzerland
Tel: +41 22 791 3427, Fax:+41 22 791 4123, E-mail: repacholim@who.ch
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Ongoing Efforts by the U.S. EPA
in Ultraviolet Radiation Science, Outreach and Monitoring
by

Craig S. Long
National Oceanic and Atmospheric Administration
National Weather Service
National Centers for Environmental Prediction

The US. Environmental Protection Agency (EPA) currently has several efforts to increase the
public awareness of ultraviolet (UV) radiation, to monitor UV radiation, and advance the science
ofUV radiation effects upon biological systems.

Sun Protection Education Tools
As has been repeatedly documented, long term overexposure to UV radiation may result in
the development of skin cancers, cataracts, and a weakened immune system. The American
Academy of Dermatologists (AAD) has characterized the rise in skin cancer due to overexposure
to UV radiation in the US. an "undeclared epidemic". Since the 1930's, there has been an 1800%
increase in malignant melanoma cases. The AAD expects over 1 million cases of skin cancer to
occur in 1997. They expect one in five Americans to develop skin cancer in their lifetime and one
American dies of skin cancer every hour! However, by changing behaviors to include applying
sunscreen, wearing sunglasses and protective clothing, and working or playing in the shade, most
cases of skin cancer are preventable.
As a result of the above situation, the EP A has devised Sun Protection Public Education
Tools. These tools are designed to raise the awareness of the dangers of unprotected sun
exposure and to explain proper sun protection tips and behaviors. The tools include the UV
Index and the EPA's Children's Sun Protection Initiative: Sunwise School Program.
The UV Index was developed in collaboration between the EPA, the National Weather
Service (NWS), and the Center for the Disease Control and Prevention in 1994. UV Index
forecasts are generated by the NWS for 58 cities comprising all 50 states, Puerto Rico and the
District of Columbia. Surveys have indicated that 90% of these cities report the UV Index in
print, over the radio, or on television. This would amount to 13 million people being able to
receive the UV Index. Various 'partners' with the EP A have been successful in having the UV
Index being reported at the 1996 Summer Olympics in Atlanta, GA, at the PGA Golf
Tournaments, in the West Palm Beach, Florida public elementary schools, and by devising simpler
health messages for weathercasters.
The Sunwise School Program was proposed following the EP A's 1996 report: Children's
Environmental Health Threats, where it sets a priority upon sun protection education to children.
The Sunwise School Program will: promote the use and understanding of the UV Index among
children in grades K-6; promote children's awareness ofthe damaging health effects ofUV
radiation; and promote organizational or policy changes in schools that effect sun behavior
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changes. Schools participating in this program will be obligated to identify and implement
activities to reduce children's exposure to UV radiation. These activities include, but are not
limited to, education, behavior change, organizational change, and community outreach. The
schools must also report the UV Index daily. The 1997-1998 school year will be the pilot year for
this program. Initially, eight to nine schools in Arizona will participate. Also during this year,
partnerships will be sought between the EP A and other branches of the federal government,
program advisers, school mentors, and organization partners. The pilot program will be evaluated
after the 1997-1998 school year with hopes for a 'national' launch in the Fall of 1998.

Ultraviolet Radiation Research Monitoring Program
The EP A UV radiation research monitoring program is a cooperative effort with the
University of Georgia (UGA) and the U.S. National Park Service (NPS). The primary role ofthe
program is to assist in verifYing the UV Index forecasts; to assess and improve the algorithms
used in radiation transfer models by accounting for pollutants, clouds, and other factors in
populated areas; and to provide high-quality, spectrally-resolved UV radiation measurements that
can be convolved with a variety of human health or biological action curves, either known now or
to be developed in the future. Aerosols, meteorological parameters, and gaseous pollutants are
measured at specific sites to account for potential factors that may effect the UV flux at the
surface. Currently, there are 11 sites operating. Five sites are located in urban areas in Atlanta,
Georgia, Washington, D.C., Riverside, California, Research Triangle Park, North Carolina, and
Boston, Massachusetts. The other 6 sites are in Boulder, Colorado; Boseman, Montana; and 4
National Parks (Big Bend, TX, Everglades, FL, Great Smoky Mountains, TN and Shenandoah,
VA). The majority ofthe sites are currently located in urban areas that are along the east coast of
the U.S. Two of the urban sites have been placed in National Cancer Institute- Cancer Registry
cities. EP A's Atmospheric Research and Exposure Assessment Laboratory is cooperating with
the International Agency for Research on Cancer by placing sites in or near Intersun Project
registry cities as well. Other sites are in non urban (background) areas are intended to cover high
latitude, high altitude, low latitude, and pristine low altitude conditions. As of 1997 an additional
14 sites are being considered for other national parks and NCI Cancer Registry cities.
The Brewer spectrophotometers at the above sites are operating under the same schedule
measunng:
.. UV Radiation Intensities, 286.5-363 nanometers
> Total Column Ozone
.. Optical Depths at 320, 340, 360, 480, 510, and 540 nanometers
> Umkehr Data to produce stratospheric ozone profiles
.. Diffey Weighted UV Intensities
Quality assurance for this research monitoring network is being carried out through five
different routes to ensure that the data are accurate and relatable to National Institute for
Standards and Technology (NIST) standards; 1) a yearly Intercomparison of instruments, 2)
yearly "blind audits" ofthe Brewer's by the UV Central Calibration Facility at NOAA, Boulder, 3)
by instrumental and operator controls within the network (Quality Control) determined from
values obtained from daily scans of the instrument's internal lamps, 4) the bimonthly use of
external lamps that come with the Brewer and are calibrated by UGA against a NIST standard
lamp, 5) the Brewer spectrophotometers are cycled through the UGA laboratory where extensive
testing is done to determine their stray light characteristics, their slit function, their cosine
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response, and their response to a horizontally calibrated NIST standard lamp.

Advancement of Research in UV Radiation Effects upon Biological Systems
This is a relatively new initiative in which grants are awarded to researchers to further
promote the understanding ofUV radiation effects upon the human health system as well as that
of other mammal species.
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APPLICABILITY OF CURRENT UV INDEX FOR OCULAR EXPOSURE
David H. Sliney
Laser/Optical Radiation Program, US Army Center for Health Promotion and Preventive
Medicine, Aberdeen Proving Ground, MD 21010-5422 USA

INTRODUCTION
The solar UV Index is based upon midday, global horizontal UV irradiance spectrally weighted
to the CIE standard erythema action spectrum. The primary emphasis of the UV Index has been
the health hazards of skin exposure. The erythemal spectral weighting underscores this.
However, public health scientists would also like to be able to employ the UV Index in campaigns
to protect the eyes from UV. Current public health information encourages the use eye protectors
(sunglasses), but there is an underlying assumption that the eyes--as is the skin--are at increased
risk whenever the UV Index is higher. This simple assumption turns out to be generally invalid,
and efforts to develop an ocular UV Index have generally been set aside. The problem relates to
the different geometry of exposure of the eyes. One needs only to remember that the eyes
routinely do not experience a detectable "sunburn" or photokeratitis when the skin is sunburned.
Indeed the popular term for photokeratitis is "snow blindness." The common period of the year
when snow blindness in most likely to be experienced is late winter and early spring when snow
is still on the ground and the sun's elevation angle increases. Nevertheless, the UV Index on such
days is typically quite low. This tells us that dominant variable affecting ocular exposure is the
ground reflectance which varies from less than 1 % for green grass to nearly 100 % for snow (85
%) and this is far greater than the 2-3 fold daily variations in ambient UV. To assess potentially
hazardous UV exposure of the eye, one must not only consider the optical and radiometric
parameters of the environment, but also the geometrical exposure factors. This knowledge is
required to accurately determine the irradiances (dose rates) to exposed ocular tissues. 1-6
The acute phototoxic effect of ultraviolet radiation (UVR) on the eye, photokeratitis (also
known as "snow blindness" or "welder's flash"), has long been recognized, and the action spectrum
differs from that of erythema. 1-4 Less obvious are potential hazards to the eye from chronic
exposure. Certain age-related changes to the cornea, conjunctiva and lens are also thought to be
related to chronic exposure to solar UVR in certain climates. 1-7 Sunlight exposure over a lifetime
generally dwarfs any UVR exposure experienced from artificial sources found in indoor
occupational settings, thus it is particularly important to the occupational and environmental health
community to accurately determine the ocular exposure experienced in the outdoor environment.
This determination might appear at first to be quite straightforward. Unfortunately, it is very
complex due to the geometry of exposure and the changing UV spectrum and directions of
sunlight. 3•8- 11 The geometrical factors which affect ocular exposure play a major role in
determining the nature ofany age-related ocular changes where sunlight plays an etiological role.
The locations of exposure across the cornea and lens are determined by the palpebral fissure (the
lid opening) and horizon sky UVR; and the retinal zones exposed depend upon the lid positions
as well. The change in ambient UVR is greatly dependent upon the presence of clouds and the
sun's elevation angle which varies hourly and seasonally. The presence of clouds and haze
redistribute the UVR in skylight and can actually increase the UV radiance ("brightness") of the
horizon sky (and thereby increase ocular exposure). 8
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Because the substantial UVR changes are not directly proportional to the smaller changes in
visible light, we are subjectively largely unaware of the degree of the UV changes. For example,
during the summer, the summertime terrestrial solar spectral irradiance at a wavelength of300 nm
is ten times greater than at either three hours before or three hours after solar noon. By contrast
with visible light UVR is very strongly scattered by atmospheric molecules (Rayleigh scattering)
and varies inversely as the fourth power of the wavelength. For this reason the sky is blue. If one
could see only in the UV-B spectrum (280-315 nm), a clear sunny sky would appear to be a very
heavy fog or haze; the sun would be barely visible through the haze; ground shadows would be
very fuzzy; green grass with a reflectance of 1% would appear pitch black; sand, concrete, asphalt
and ground surfaces devoid of vegetation would appear very dark grey (like an asphalt roadway
in the visible spectrum); and most UV-B exposure arriving at the eyes would be from diffuse
scatter and rarely from direct sunlight. Standing over water, one would see a specular reflection
ofthe grey sky. Cumulus clouds would appear darker or lighter than the brilliant "blue" portion
ofthe sky, depending upon direct sunlight exposure. A greater portion ofUVR reaches the eye
from scatter from clouds and reflections from ground surfaces than from direct sunlight. 4"6
Therefore, directional UVR measurements of limited fields are more relevant in determining the
exposure to the eye than the global measurements which are routinely reported (Sliney, 1996).
The greatest lNR exposure ofthe eve occurs under environmental conditions which produce (l
high ratio of ultraviolet radiation to outdoor luminance, e.g., on an overcast day with snow as
ground cover.

EXPOSURE STUDIES
Recent studies by our laboratory of the effect of ambient sunlight conditions upon lid opening
illustrate the limited angular extent of ocular exposure in bright sunlight. 24-25 Figure 1 illustrates
the range of lid opening and thereby the fraction of UV in skylight which actually can enter the
eye. The UVR entering the eye is generally limited to the horizon sky (if not blocked by buildings
and terrain) and ground reflection. Therefore the integrated total exposure dose ofbiologicallyweighted UVR falling on an horizontal surface (i.e, the "global" UVR used to determine the UV
Index) is a misleading predictor of ocular exposure trends. For epidemiological studies of skin
cancer and in atmospheric science, the global UVR has been effectively used, but will lead to
serious error in ocular exposure estimates. The lid opening and the Coroneo Effect predict the
increased prevalence of cortical cataract in the inferior nasal quadrant. 7-9

50"- UPPER LIMIT INDOORS
OR IN TWILIGHT

UPPER LIMIT FOR
SUNLIGHT ON GRASS

Figure 1. Angular field of view of the eyes in sunlight.
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Because the two major components of ocular radiant exposure H are the ground reflection
exposure fig and the sky radiance source component I:{, we can derive a formula that splits the
· contribution into the two hemispheres (of solid angle Q) represented by the sky and the ground:

[1]
Each component is determined by a radiance Land the eye's solid angle of acceptance Q (i.e.,
field-of-view) in units of steradians (sr) for that fraction of the hemisphere in one's total visual
field. This approach may sound at first to be an overly complicated way of determining total
exposure; however, since the UVR source is our total surrounding and not just a single, very small
source as the sun by itself, this procedure is essential to avoid substantial errors. More detailed
formulations are presented elsewhere. 4
Radiance has units ofwatts-per-square-centimeter-per-steradian. To better understand the
concept of radiance, consider the following example: If one stands in a dark room with one
window, the amount of light falling upon one's face is quite high when standing at the window,
but as one backs away, the facial illumination drops greatly. Although the total light (or UVR)
entering tlie eye and-passing through the lens changes greatly, the luminance (brightness) of the

outdoor scene does not change. In light measurement, it is convenient to calculate the light level
falling on one's face by multiplying the luminance or radiance (brightness of the source) L by the
solid angle Q of the source (the window) to obtain the illumination or irradiance. This method has
the great advantage that one need merely determine the source radiance (e.g., of the sky) and then
determine the solid angle corresponding to a lid opening, or the field-of-view determined by a
headwrap or hat. This is a somewhat similar approach to that used by Rosenthal, and termed the
Optical Ambient Exposure Ratio (OAER). 11 The additional factors that we have added are the
impact of the greatly reduced solid-angle of acceptance created by squinting and the importance
of horizon sky radiance, and whether the horizon sky can be observed. 8
Figure 2 shows the instrument used to measure the horizon sky radiance in comparison with the
total global (direct and diffuse) UVR incident upon a horizontal surface. The two detectors were
of the Robertson-Berger type from Solar Light Company, Philadelphia, PA. The horizon-sky field
ofview extended from 0° to 20° elevation angle.

Figure 2. Modified R-B meter to measure horizon-sky UVR for ocular UV Index.
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The eyelids, which react to the visible brightness, or luminance, of a setting, are instrumental
in attenuating the amount of light which enters the eye and the solid angles Q of ground exposure
0 8 and sky exposure ~ . lid opening affects the total UVR exposure dose to the lens. A
correlation between the luminance and the amount of lid closure was determined at our laboratory
for different luminance conditions. The upper lid position acts as a "shade" and limits the vertical
visual field-of-view (FOV) thus permitting one to calculate the upper acceptance angle of light
entering the eye. This angle varied fairly linearly with luminance. A regression analysis led to the
empirical formula:
<f>pov

= 34o- 0.0013 L

[2]

where <I>Fov is the upper FOV angle in degrees and Lis the luminance in cd/m2. Although there
was a considerable spread of opening among individuals, the regression analysis led to very close
95% confidence limits for the above function. The study of lid opening when subjects wore
sunglasses showed that luminance was the simple determinant of lid opening.
DISCUSSION AND CONCLUSIONS
Several factors determine UVR exposure of ocular factors and the most important are
geometrical factors determined by lid opening and wavelength. Any ocular UV Index must
consider the horizon sky UVR plus the ground reflected UVR (the global UVR X Reflectance).
Because of the limitation of time, other special issues related to peripheral light focus sing in the
eye have not been discussed with regard to eye protection and dosimetry. 7
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An Epidemiological Evaluation of the UV Index
Bruce Armstrong and Anne Kricker, New South Wales Cancer Council, Australia
Skin cancer is the major adverse health effect of UVR in populations of European
origin. A better understanding of its relationship with exposure to solar UVR points to
ways in which more effective use can be made of the UV Index in its prevention.
It is now clear that the commonest skin cancer, basal cell carcinoma, and the most

likely to be fatal, malignant melanoma ,are influenced by pattern as well as amount of
sun exposure. Risk increases with increasing intermittency of sun exposure as well as
increasing total amount of exposure. In urban populations of European origin a highly
intermittent pattern of exposure is probably the commonest with most exposure to
solar UVR occurring during weekend recreation in summer or during summer
holidays. Sunburn appears to be a good marker of risk. Ideally, therefore, the UV
Index should be expressed in ways that maximises the information it gives about
ambient UV exposure during outdoor recreation in summer.
The following are suggested for debate as different ways of repackaging the
information from the present UV Index in ways that may make it more useful in
avoiding the most damaging periods of intermittent exposure:
• Special emphasis predictions disseminated on Friday and Saturday evenings and
Sunday evenings preceding a Monday holiday during the summer half of the year,
and every day during the main summer holiday month.
• Special emphasis predictions to include:

*

Friday- comparison of predicted for Saturday with previous Saturday's actual;

*

Saturday - comparison of predicted for Sunday with Saturday actual and
preceding Sunday's actual;

* Sunday before Monday holiday - comparison of predicted for Monday with
Sunday actual;

*

Every day in main summer holiday month - comparison of predicted for next
day with the current day's actual.
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In addition, because of the apparent importance of sunburn as, probably, a marker of
important levels of intermittent exposure, it is suggested that the question of
expression of the UV Index in terms of time to sunburn be revisited. An index
expressed in these terms may be a more meaningful measure of ambient UV to the
average person and may be more likely to be used as a measure of severity of UV than
as an indicator of how long a person can safely stay outdoors without suffering harm.
The latter presumption, however, should be tested by appropriate research.
The problem of variation in cutaneous sensitivity to the sun in the use of such an
index is acknowledged. However, consideration might be given to expressing the
Index in terms such as:

"Sunburn time at midday tomorrow - 10 minutes. The time that a person who burns
easily and tans poorly is expected to take to develop a mild sunburn on unprotected
skin."
This is a complicated message that could not be readily communicated in weather
forecasts. Thus, if it were to be used, simple forecast statements like "Sunburn time at
midday- 10 minutes" would have to be supported by health education messages
explaining that the time relates to people who burn easily and tan poorly and should
be seen as a measure of severity of solar UV rather than the actual time that a
particular person would take to get burnt.
It would be advisable not to make changes to the form and dissemination of the UV
Index without undertaking research into the effectiveness of each approach. Ideally,
after relevant formative research, different ways of presenting the information might
be tested by randomised controlled trials. Personal dosimeters would be one possible
end point for such trials or, perhaps preferably but certainly less accurately,
measurement of sunburn on specified body sites. These short term end points would
allow the rapid conduct of statistically powerful trials and, thus, the quite rapid
evaluation of the relative effectiveness of different approaches to communication of
information on ambient UV.
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Dissemination, Knowledge and Use of UV Indexes

1

1

Anne Kricker , Bruce Armstrong , New South Wales Cancer Council, Sydney, Australia

UV indexes based on actual measurements for the day past (retrospective) and predicted
levels for the day to come (prospective) are disseminated in Australia. Little is currently
known of the extent of their dissemination by the news media or the use that is made of them,
either in sun protection messages from public health bodies or by the general public.
Three purpose-designed surveys were carried out New South Wales (NSW), the largest state
of Australia (population 6 million) to answer the following questions:
• How regularly, widely, and in what form are the retrospective and prospective indexes
being disseminated by the news media?
• What do members of the general public know about the UV indexes, how frequently do
they observe them, what use do they make of them in determining their outdoor exposure
and protection, and how could they be made more useful to them?
• What do health professionals substantially involved in communications with the public
about sun protection know about the UV indexes, what use do they make of them, their
communication with the public, how useful do they think they are to the public and how
could they be made more useful?
A daily UV forecast, made available to local weather forecasters in 4 urban and 9 rural
districts in NSW by the Australian Bureau of Meteorology (BOM), of the form "UV Index 9
(Very High) decreasing to 4 (high) under cloud" is also presented as a shaded map of the
broad UV index pattern for clear skies on the Bureau's World Wide Web and "Weather By
Fax" service. The decision to include the effect of cloud on the UV forecast is made by the
local district forecaster. UV measurements for the day past are calculated by the Australian
Radiation Laboratories (ARL) only for the capital city, Sydney, and presented as a chart on
their Website.
We surveyed use of the UV forecast or chart by 56 newspaper, radio and TV outlets in NSW
districts covered by the BOM service. Replies from 66% of those surveyed indicated that 45%
(17 outlets) published the UV forecast, 40% (15) daily and 26% all year round and that 37%
(14) broadcast the forecast or day past measurement as a number and 32% (12) as text, eg,
'extreme', 'high'. Only one outlet, a TV channel, presented the ARL chart showing the
variation in UV over the day.
A random sample of 504 people, 18 years of age and older and mainly (70%) living in
metropolitan areas, who were representative of the NSW population were interviewed by a
market research firm in a routine 'omnibus' survey which included questions purposedesigned by us. The UV forecast or measurement had been seen or heard by 321 (64%)
people, of whom 80% named TV as the source, 30% named newspapers, and 55% radio; 56%
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(179) said that the UV information was about today and 4% about tomorrow. Sixty people
(12%) did not know what UV was and answered no further questions. The UV information
had been noticed equally by city and country residents and by men and women.
We also surveyed 17 members ofthe NSW Sun Protection Network, ie, health professionals
substantially involved in communicating with the public about sun protection. Their personal
use was similar to those of the general public: 65% had seen or heard the UV information on
TV, 29% in a newspaper and 41% on radio. Their professional use was not high: only 3 used
the available UV index information 50% or more of the time. Overall, 47% reported any use
of UV information, 29% in a press release or fact sheet, 41% in training programs and 41%
indicated that they had referred to how UV varies during the day.
We asked the health professionals their estimate of the percentage of the general population
who would use UV information to make decisions about sun protection on summer weekends:
12% of professionals indicated that 7 5% or more would use it, 41% estimated between 26%
and 50% and 59% estimated less than 26%. The general population survey did not contradict
the health professionals' estimates: 75% of the population sample reported that they rarely
used the UV information on half or more of the weekends last summer to decide about sun
protection; only 13% reported regular use.
In addition to the questions about what was done currently, we wanted to find out what would
be most useful about any UV information presented. To investigate, we asked people in the
general population survey what UV information they would find most useful and we asked the
media and health professionals what they thought people would find most useful in the media
in helping them protect themselves against UV on wekends. All three surveys indicated that
the most useful information would be how long it will take to get sunburnt and whether the
UV will be very high or extreme. Most media outlets (88%) stated that UV levels compared
with the day just past would be useful to the public but the population survey did not support
this suggestion: only 3% of people said they would most like to know this fact.
In summary, 42% of media outlets surveyed publish UV information while most of the
general public (80%) and health professionals (65%) access UV information through TV
presentations. Only small percentages of the public (24%) and health professionals (18%)
made use ofUV information to decide on their personal level of sun protection although
around half (46%) the population who had ever noticed UV information would find time to
sunburn the most useful information.
These surveys have been carried out in a population which experiences extreme levels of UV
for most of the summer. Ideally, surveys ofkey groups in populations at different latitudes
would be undertaken and results collated before recommending ways to increase
dissemination, knowledge and use ofUV indexes among those most at risk of skin cancer.
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EDUCATION OF GENERAL PUBLIC ON SOLAR UV IN FINLAND
Kari Jokela
Finnish Centre for Radiation and Nuclear Safety

1. Background
Due to the Northern position and cloudy climate the ultraviolet (UV) doses received by the
Finnish population are three or four-fold smaller than near the equator. Nevertheless, the genetic
susceptibility of fair-skinned northern populations and favouring of tanning have effective! y
compensated the advantage of "low intensity UV climate". The marked increase in incidence of
skin cancers during the last 40 years, particularly of malignant melanoma (Fig. 1), has been
clearly associated to the excessive exposure to solar radiation. In this summary I will briefly
consider the recent changes of the trend of melanoma, the most severe health consequence of
UV exposure, and summarize activities undertaken in Finland during the last 5 years to educate
the general public for the hazards of solar UV radiation. Also some research activities supporting the dissemination of this information are briefly discussed.

2. Change of melanoma trend
During the recent four years the increase in the incidence of melanoma has ceased in Finland
(Fig. 1). At the moment, we do not know whether this change is permanent or temporary. The
most plausible explanation is a long term cultural change in lifestyles and increasing public
awareness of UV hazards in 80's, which may have changed the behaviour of the people more
favourable to skin cancer prevention. Maybe tanning is no more as fashionable, particularly
among younger generations, as it was 10 or 20 years ago.
It is an important question for UV protection whether intense holiday exposures could in a short
period promote the transformation of premalignant skin changes to malignant melanoma, one of
the last stages of carcinogenesis. An epidemiological study in USA (Braun et al. 1994) showed
that more melanomas are diagnosed during summer than during other seasons, which cannot be
explained only by an increased chance of detecting abnormal changes in the naked skin. If this
late promotion effect will show to be true, the motivation for improved personal UV protection
would greatly increase, which should be observed in public information campaigns, too.

An interesting finding is the coincidence of the melanoma trend change with the severe
economic depression period in Finland. The decline of the national economy, most severe within
Western European countries in 90's, resulted in an decrease of 60 % in the charter flights to
southern sun beaches, which certainly reduced the most harmful type of exposure to solar UV.
However, the decrease of charter flights occurred about 2 years after the first signs of the
melanoma trend change appeared. Hence, it is probably not the main cause of the trend change
but it may have a certain effect in melanomas occurring in late 90's.

3. UV research projects and public education campaigns
Several organizations, both governmental and private, have been active in Finland to inform the
general public of the dangers of UV. The public information campaigns were started in 1990 by
the Cancer Society of Finland and Finnish Centre for Radiation and Nuclear Safety (STUK).
The solar UV information campaigns were supported by the Finnish Research Programme on
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Climate Change (SILMU), which was realized from 1990 to 1995. This programme included
research projects dealing with the stratospheric ozone and solar UV. Various UV-related studies
were aimed to assess the exposure of Finnish population to solar UV, to develop estimates for
skin cancers caused by ozone depletion and to improve accuracy of solar UV measurements
(Jokela et al. 1993, Jokela et al. 1995, Taalas et al. 1996, Huurto et al. 1996, Leszczynski et al.
1996, Leszczynski et al. 1997)
·The Finnish UV monitoring network, run by the Finnish Meteorological Institute (FMI), consists
of seven monitoring sites equipped with broadband instruments and at two sites with Brewer
spectroradiometers. The spectral UV measurements were started in 1990 and the broadband
measurements in 1991. The calibration of the network is traced to the national UV standards
maintained by STUK (Leszczynski et al. 1996).
In recent years, exceptionally low total ozone values (decreased up to 40 %) have been observed
over Northern Europe during the period from February to May (Jokela et al. 1993 and 1995,
Taalas et al. 1996). Reflection of UV from the snow potentiates possible health effects of these
low-ozone episodes because in Northern Finland the terrain is covered by snow up to mid May.
The snow reflection increases UV doses to the face and eyes particularly on open snow-fields
not covered by trees and buildings. In these kind of environmental circumstances the UV
irradiance received by vertical surfaces is a more relevant indicator of human exposure to UV
than the horizontal irradiance, which has been stated in the international recommendation on UV
index (ICNIRP 1995).
According to the risk estimate, the incidence of squamous cell and basal cell carcinomas could
increase from 20 to 30 %, respectively if the reduction of total ozone remains several tens of
years at the 10 % level, the maximum ozone depletion predicted for the 60:th latitude (Huurto
et al. 1996, Taalas et al. 1996).
The scientific knowledge gained during the SILMU programme was utilized to prepare an
informative bulletin "Solar UV radiation and health" published by STUK. The first edition was
published in March 1996 jointly with the release of the new UV index by FMI. The report is
intended to be used mainly for educational purposes and for source material for journalists
preparing articles and TV/radio programmes on solar UV. The content of the bulletin consists
of up-to-date information on the depletion of stratospheric ozone and its relation to solar UV,
health effects of UV (particularly skin cancer and) and useful information for personal protection against solar UV.
The distribution of UV forecasts was started by FMI in 1994. In these first forecasts the
intensity of exposure was expressed in minutes for the minimum time period during which
different skin types receive one minimal erythemal dose (CIE-weighted). The UV dose rate is
computed with the Green's model for clear skies by using predicted and observed data for total
ozone. In 1996 the index was changed to the radiation based index recommended by ICNIRP
and WMO. In Finland the index varies from 0 to 7. The forecasts are distributed daily from
April to September, when the intensity of UV is high enough. In 1994 and 1996, when the UV
indexes were taken into use, FMI arranged press conferences jointly with STUK and the Cancer
Society of Finland to inform the general public of the UV forecasts and importance of personal
UV protection. Also, the current ozone situation was one of the topics of the press conferences.
The role of the Cancer Society of Finland has been important in the production of information
for general public on the adverse health effects of UV radiation, particularly on the relationship
of UV and skin cancers. Informative leaflets, articles or programmes in mass-media and well
designed posters have been the main vehicles of the information campaigns organized by the
society. An interesting special project was organized in summer 1996 to inform sun bathing
people on the beaches. An information point was arranged in a large van where a trained
medical expert inspected free of charge the moles of worried people and distributed personal
information on UV and health. The van was also equipped with a broadband UV meter and a
large display on the roof which showed the value of current UV index.
The Cancer Society has also studied the influence of UV education. In a sociological study the
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change of attitude to "healthy tanning" was investigated by studying pictures showed in women's
magazines and travel advertisements in the period from 1989 to 1994. No clear changes were
found but the proportion of fair skinned people increased in the population of women and
children.
Finally, the work of Finnish dermatologists in the research as well as dissemination of information has been a valuable contribution for the protection of Finnish population from the adverse
effects of UV radiation.
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ANNEXG

Recommendations for the determination of UV Index

- The quantity is to be referred to as the "UV Index". Names such as the UV-B Index, the
Solar UV Index, the Tanning Index, or other similar names are not recommended.
- The UV Index should be defined as a biologically-weighted (CIE action spectrum) physical
parameter. Thus the UV Index is a unit of measure, not the maximum daily value alone.
- The UV Index is derived from the integrand of UV wavelengths up to and including 400
nm.
- When forecasting or reporting the daily maxima, a 30-minute time averaged value should
be used. In programmes where real-time observations are available, a 5-10 minute average
is useful to display short term changes in the Index.
- The UV Index is expressed numerically as the equivalent of multiplying the time weighted
average effective irradiance (W·m-2) by 40.
The UV Index is defined in reference to a horizontal surface. Further work is recommended
on potential benefits of reporting in reference to an inclined surface.
- A UV Index forecast should at least present the daily maximum value, whenever it occurs,
not a solar noon value.
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ANNEX H
UV Web pages
Luis Roberto Acosta, Mexico

http://www .calidad-del-aire .gob .mx

Dimitris Balis, Greece

- WMO Ozone Mapping Centre

http://www.athena.auth.gr/ozonemaps

- Daily UV Index Forecast for Greece

http://www.athena.auth.gr/lap/ltvindex

- LAP's network for UV-B

http://lidar2 .physics. auth.gr/lap

David Broadhurst, Canada

- Data Centre

http://woudc.ec.gc.ca/

- Canadian Stratospheric Ozone website

http: I /www. doe. ea/ozone/

- Canadian Meteorological Centre State of the Ozone Layer over Canada

http://www.cmc.doe.ca/cms/htmls/A-ozone.html

Pierre Cesarini, France

http://www. club-internet. fr /securite-solaire/

Juhani Damski, Finland

http://www.ozone.fmi.fi
http://www. fmi.fi
http://www.ozone.fmi.fi/ELUV

Car/os J. Diaz Lea/, Mexico

http://www.calidad-del-aire.gob.mx

Michal Janouch, Czech Republic

http://ww.ehmi.cz/meteo/ozon/hk.html

Kari Joke/a, Finland

http://www .stuk. fi

Peter Koepke, Germany

http://www.meteo.physik.uniMuenchen.de
/strahlung/uvrad/uv. htm

Richard L. McKenzie, New Zealand

http: I /www. niwa. cri. nz/lauderI

Gunther Schauberger, Austria

http:/ /www-med-physik. vu-wien. ac.at

Henning Staiger, Germany

http://www .dwd .de/services/gfmm/gfmm_home. html

U/f Wester, Sweden
- SSI
- SMHI

http: I /www. ssi. se
http://www.smhi.se

WMO, Geneva

http://www.wmo.ch
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ANNEX I

Contact addresses

Contacting the WMO Secretariat
The Secretary-General
World Meteorological Organization
41 Avenue Giuseppe Motta
Case Postale 2300
CH-1211 Geneva 2
Switzerland
Attention:
Dr John M. Miller
Chief, Environment Division
41 22 7308 240
Tel:
Fax: 41 22 7400 984
E-mail: millerjm@wmo.ch

Contacting the World Ultraviolet Radiation Data Centre (WUDC)
World Ozone and Ultraviolet Radiation Centre (WOUDC)
Atmospheric Environment Service
4905 Dufferin Street
North York, Ontario
CanadaM3H 5T4
E-mail:
woudc@ec.gc.ca
FTP access: ftp://ftp.tor.ec.gc.ca
WWW access: http://www.tor.ec.gc.ca/woudc

- 187 -

ENVIRONMENTAL POLLUTION MONITORING AND
RESEARCH PROGRAMME REPORT SERIES
1.

Final Report of the Expert Meeting on the Operation of Integrated Monitoring Programmes,
Geneva, 2-5 September 1980

2.

Report of the Third Session of the GESAMP Working Group on the Interchange of Pollutants
Between the Atmosphere
and the Oceans
(INTERPOLL-111),
Miami,
USA,
27-31 October 1980

3.

Report of the Expert Meeting on the Assessment of the Meteorological Aspects of the First
Phase of EMEP, Shinfield Park, U.K., 30 March - 2 April 1981

4.

Summary Report on the Status of the WMO Background Air Pollution Monitoring Network
as at April 1981

5.

Report of the WMO/UNEP/ICSU Meeting on Instruments, Standardization and Measurements
Techniques for Atmospheric C0 2 , Geneva, 8-11; September 1981

6.

Report of the Meeting
23-26 November, 1981

7.

Fourth Analysis on Reference Precipitation Samples by the Participating World
Meteorological Organization Laboratories by Robert L. Lampe and John C. Puzak,
December 1981 *

8.

Review of the Chemical Composition of Precipitation as Measured by the WMO BAPMoN
by Prof. Dr. Hans-Walter Georgii, February 1982

9.

An Assessment of BAPMoN Data Currently Available on the Concentration of C0 2 in the
Atmosphere by M.R. Manning, February 1982

1 0.

Report of the Meeting of Experts on Meteorological Aspects of Long-range Transport of
Pollutants, Toronto, Canada, 30 November- 4 December 1981

11.

Summary Report on the Status of the WMO Background Air Pollution Monitoring Network
as at May 1982

12.

Report on the Mount Kenya Baseline Station Feasibility Study edited by Dr. Russell
C. Schnell

13.

Report of the Executive Committee Panel of Experts on Environmental Pollution, Fourth
Session, Geneva, 27 September - 1 October 1982

14.

Effects of Sulphur Compounds and Other Pollutants on Visibility by Dr. R.F. Pueschel,
April 1983

1 5.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites
for the Year 1981, May 1983

16.

Report of the Expert Meeting on Quality Assurance in BAPMoN, Research Triangle Park,
North Carolina, USA, 17-21 January 1983

17.

General Consideration and Examples of Data Evaluation and Quality Assurance Procedures
Applicable to BAPMoN Precipitation Chemistry Observations by Dr. Charles Hakkarinen, July
1983

of

Experts

on

BAPMoN

Station

Operation,

Geneva,

18.

Summary Report on the Status of the WMO Background Air Pollution Monitoring Network
as at May 1983

19.

Forecasting of Air Pollution with Emphasis on Research in the USSR by M.E. Berlyand,
August 1983

20.

Extended Abstracts of Papers to be Presented at the WMO Technical Conference on
Observation and Measurement of Atmospheric Contaminants (TECOMAC), Vienna,
17-21 October 1983

21.

Fifth Analysis on Reference Precipitation Samples by the Participating World Meteorological
Organization Laboratories by Robert L. Lampe and William J. Mitchell, November 1983

22.

Report of the Fifth Session of the WMO Executive Council Panel of Experts on
Environmental Pollution, Garmisch-Partenkirchen, Federal Republic of Germany,
30 April - 4 May 1984

23.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites
for the Year 1982. November 1984

24.

Final Report of the Expert Meeting on the Assessment of the Meteorological Aspects of the
Second
Phase
of
EMEP,
Friedrichshafen,
Federal
Republic
of
Germany,
7-10 December 1983. October 1984

25.

Summary Report on the Status of the WMO Background Air Pollution Monitoring Network
as at May 1984. November 1984

26.

Sulphur and Nitrogen in Precipitation: An Attempt to Use BAPMoN and Other Data to Show
Regional and Global Distribution by Dr. C.C. Wallen. April 1986

27.

Report on a Study of the Transport of Sahelian Particulate Matter Using Sunphotometer
Observations by Dr. Guillaume A. d'Aimeida. July 1985

28.

Report of the Meeting of Experts on the Eastern Atlantic and Mediterranean Transport
Experiment ("EAMTEX"), Madrid and Salamanca, Spain, 6-8 November 1984

29.

Recommendations on Sunphotometer Measurements in BAPMoN Based on the Experience
of a Dust Transport Study in Africa by Dr. Guillaume A. d'Aimeida. September 1985

30.

Report of the Ad-hoc Consultation on Quality Assurance Procedures for Inclusion in the
BAPMoN Manual, Geneva, 29-31 May 1985

31.

Implications of Visibility Reduction by Man-Made Aerosols (Annex to No. 14) by R.M. Hoff
and L.A. Barrie. October 1985

32.

Manual for BAPMoN Station Operators by E. Meszaros and D.M. Whelpdale. October 1985

33.

Man and the Composition of the Atmosphere: BAPMoN - An international programme of
national needs, responsibility and benefits by R.F. Pueschel. 1986

34.

Practical Guide for Estimating Atmospheric Pollution Potential by Dr. L.E. Niemeyer.
August 1986

35.

Provisional Daily Atmospheric C0 2 Concentrations as Measured at BAPMoN Sites for the
Year 1983. December 1985

36.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1984. Volume 1: Atmospheric Aerosol Optical Depth. October 1985

37.

Air-Sea Interchange of Pollutants by R.A. Duce. September 1986

38.

Summary Report on the Status of the WMO Background Air Pollution Monitoring Network
as at 31 December 1 985. September 1986

39.

Report of the Third WMO Expert Meeting on Atmospheric Carbon Dioxide Measurement
Techniques, Lake Arrowhead, California, USA, 4-8 November 1985. October 1986

40.

Report of the Fourth Session of the CAS Working Group on Atmospheric Chemistry and Air
Pollution, Helsinki, Finland, 18-22 November 1985. January 1987

41 .

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1982, Volume 11: Precipitation chemistry, continuous atmospheric carbon
dioxide and suspended particulate matter. June 1986

42.

Scripps reference gas calibration system for carbon dioxide-in-air standards: revision of
1985 by C.D. Keeling, P.R. Guenther and D.J. Moss. September 1986

43.

Recent progress in sunphotometry (determination of the aerosol optical depth).
November 1986

44.

Report of the Sixth Session of the WMO Executive Council Panel of Experts on
Environmental Pollution, Geneva, 5-9 May 1986. March 1987

45.

Proceedings of the International Symposium on Integrated Global Monitoring of the State
of the Biosphere (Volumes I-IV), Tashkent, USSR, 14-19 October 1985. December 1986

46.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites
for the Year 1984. December 1986

4 7.

Procedures and Methods for Integrated Global Background Monitoring of Environmental
Pollution by F.Ya. Rovinsky, USSR and G.B. Wiersma, USA. August 1987

48.

Meeting on the Assessment of the Meteorological Aspects of the Third Phase of EMEP
IIASA, Laxenburg, Austria, 30 March - 2 April 1987. February 1988

49.

Proceedings of the WMO Conference on Air Pollution Modelling and its Application (Volumes
1-111), Leningrad, USSR, 19-24 May 1986. November 1987

50.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites
for the Year 1985. December 1987

51.

Report of the NBS/WMO Expert Meeting on Atmospheric C0 2 Measurement Techniques,
Gaithersburg, USA, 15-17 June 1987. December 1987

52.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1985. Volume 1: Atmospheric Aerosol Optical Depth. September 1987

53.

WMO Meeting of Experts on Strategy for the Monitoring of Suspended Particulate Matter
in BAPMoN - Reports and papers presented at the meeting, Xiamen, China,
13-17 October 1986. October 1988

54.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1983, Volume 11: Precipitation chemistry, continuous atmospheric carbon
dioxide and suspended particulate matter.

55.

Summary Report on the Status of the WMO Background Air Pollution Monitoring Network
as at 31 December 1987

56.

Report of the First Session of the Executive Council Panel of Experts/CAS Working Group
on Environmental Pollution and Atmospheric Chemistry, Hilo, Hawaii, 27-31 March 1988.
June 1988

57.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1986, Volume 1: Atmospheric Aerosol Optical Depth. July 1988

58.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at BAPMoN sites
for the years 1986 and 1987

59.

Extended Abstracts of Papers Presented at the Third International Conference on Analysis
and Evaluation of Atmospheric C0 2 Data - Present and Past, Hinterzarten, Federal Republic
of Germany, 1 6-20 October 1989

60.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1984 and 1985, Volume 11: Precipitation chemistry, continuous
atmospheric carbon dioxide and suspended particulate matter.

61.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data for 1987 and 1988, Volume 1: Atmospheric Aerosol Optical Depth.

62.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at BAPMoN sites
for the year 1 988

63.

Report of the Informal Session of the Executive Council Panel of Experts/CAS Working
Group on Environmental Pollution and Atmospheric Chemistry, Sofia, Bulgaria,
26 and 28 October 1989

64.

Report of the consultation to consider desirable locations and observational practices for
BAPMoN stations of global importance, Bermuda Research Station, 27-30 November 1989

65.

Report of the Meeting on the Assessment of the Meteorological Aspects of the Fourth
Phase of EMEP, Sofia, Bulgaria, 27 and 31 October 1989

66.

Summary Report on the Status of the WMO Global Atmosphere Watch Stations as at
31 December 1990

67.

Report of the Meeting of Experts on Modelling of Continental, Hemispheric and Global
Range Transport, Transformation and Exchange Processes, Geneva, 5-7 November 1990

68.

Global Atmospheric Background Monitoring for Selected Environmental Parameters.
BAPMoN Data For 1989, Volume 1: Atmospheric Aerosol Optical Depth

69.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at Global
Atmosphere Watch (GAW)-BAPMoN sites for the year 1989

70.

Report of the Second Session of EC Panel of Experts/CAS Working Group on Environmental
Pollution and Atmospheric Chemistry, Santiago, Chile, 9-15 January 1991

71.

Report of the Consultation of Experts to Consider Desirable Observational Practices and
Distribution of GAW Regional Stations, Halkidiki, Greece, 9-13 April 1991

72.

Integrated Background Monitoring of Environmental Pollution in Mid-Latitude Eurasia by
Yu.A. lzrael and F.Ya. Rovinsky, USSR

73.

Report of the Experts Meeting on Global Aerosol Data System (GADS), Hampton, Virginia,
11 -1 2 September 1 990

74.

Report of the Experts Meeting on Aerosol Physics and Chemistry, Hampton, Virginia,
30-31 May 1991

75.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at Global
Atmosphere Watch (GAW)-BAPMoN sites for the year 1990

76.

The International Global Aerosol Programme (IGAP) Plan: Overview

77.

Report of the WMO Meeting of Experts on Carbon Dioxide Concentration and Isotopic
Measurement Techniques, Lake Arrowhead, California, 14-19 October 1990

78.

Global Atmospheric Background Monitoring for Selected Environmental Parameters
BAPMoN Data for 1990, Volume 1: Atmospheric Aerosol Optical Depth

79.

Report of the Meeting of Experts to Consider the Aerosol Component of GAW, Boulder,
16-19 December 1 991

80.

Report of the WMO Meeting of Experts on the Quality Assurance Plan for the GAW,
Garmisch-Partenkirchen, Germany, 26-30 March 1992

81.

Report of the Second Meeting of Experts to Assess the Response to and Atmospheric
Effects of the Kuwait Oil Fires, Geneva, Switzerland, 25-29 May 1992

82.

Global Atmospheric Background Monitoring for Selected Environmental Parameters BAPMoN
Data for 1991, Volume 1: Atmospheric Aerosol Optical Depth

83.

Report on the Global Precipitation Chemistry Programme of BAPMoN

84.

Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at
GAW-BAPMoN sites for the year 1991

85.

Chemical Analysis of Precipitation for GAW: Laboratory Analytical Methods and Sample
Collection Standards by Dr. Jaroslav Santroch

86.

The Global Atmosphere Watch Guide, 1993

87.

Report of the Third Session of EC Panel/CAS Working Group on Environmental Pollution and
Atmospheric Chemistry, Geneva, 8-11 March 1993

88.

Report of the Seventh WMO Meeting of Experts on Carbon Dioxide Concentration and
Isotopic Measurement Techniques, Rome, Italy, 7 - 10 September 1993, (edited by
Graeme I. Pearman and James T. Peterson)

89.

4th International Conference on C0 2 (Carqueiranne, France, 13-17 September 1993)

90.

Global Atmospheric Background Monitoring for Selected Environmental Parameters GAW
Data for 1992, Volume 1: Atmospheric Aerosol Optical Depth

91.

Extended Abstracts of Papers Presented at the WMO Region VI Conference on the
Measurement and Modelling of Atmospheric Composition Changes Including Pollution
Transport, Sofia, 4-8 October 1993

92.

Report of the Second WMO Meeting of Experts on the Quality Assurance/Science Activity
Centres of the Global Atmosphere Watch, Garmisch-Partenkirchen, 7-11 December 1992

93.

Report of the Third WMO Meeting of Experts on the Quality Assurance/Science Activity
Centres of the Global Atmosphere Watch, Garmisch-Partenkirchen, 5-9 July 1993

94.

Report on the Measurements of Atmospheric Turbidity in BAPMoN

95.

Report of the WMO Meeting of Experts on UV-B Measurements, Data Quality and
Standardization of UV Indices, Les Diablerets, Switzerland, 25-28 July 1994

96.

Global Atmospheric Background Monitoring for Selected Environmental Parameters WMO
GAW Data for 1993, Volume 1: Atmospheric Aerosol Optical Depth

97.

Quality Assurance Project Plan (QAPjP} for Continuous Ground Based Ozone Measurements

98.

Report of the WMO Meeting of Experts on Global Carbon Monoxide Measurements, Boulder,
USA, 7-11 February 1994

99.

Status of the WMO Global Atmosphere Watch Programme as at 31 December 1993

100.

Report of the Workshop on UV-B for the Americas, Buenos Aires, Argentina, 22-26 August
1994

101.

Report of the WMO Workshop on the Measurement of Atmospheric Optical Depth and
Turbidity, Silver Spring, USA, 6-10 December 1993, (edited by Bruce Hicks}

102.

Report of the Workshop on Precipitation Chemistry Laboratory Techniques, Hradec Kralove,
Czech Republic, 17-21 October 1994

103.

Report of the Meeting of Experts on the WMO World Data Centres, Toronto, Canada,
17-18 February 1995, (prepared by Edward Hare}

1 04.

Report of the Fourth WMO Meeting of Experts on the Quality Assurance/Science Activity
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