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Abstract

The use of satellite data to construct ground lelxélradiation maps offers a unique
opportunity to investigate geographical and temipgadability of ground level UV-radiation
levels related to atmospheric changes, like ozepdetion or cloud changes. The calculation
of long term yearly UV-doses in combination withsdeeffect models for UV-related effects,
like skin cancer, further enhances the applicatiodV-maps as a powerful tool to support
environmental assessments. This report desciilgaesults obtained in the CUBEO-project:
a Climatology of Ultraviolet Budgets using Earth€@bvation. The project aimed at the
development and validation of UV-mapping methodd tan be applied in environmental
assessments. The results indicated that the satliived cloud correction provides accurate
and representative results if the ground albedimns The comparison with ground based
UV-measurements at different sites in Europe shemwagreement for the yearly UV-dose
within 10%. An indication of the long term stabjilibf the UV-mapping methods is obtained
by means of a systematic comparison of UV-dosdaseatkfrom ground based ozone and
cloud data and doses derived from satellite obsensover a period of nearly 20 years. The
European maps of changes in UV-budgets at the drand associated excess skin cancer
risks have been reported in national and internatistate of the environment reports
published by the National Institute of Public Haand the Environment (RIVM) and/or the
European Environmental Agency (EEA). These statbeEnvironment reports contribute to
the provision of information necessary for framargl implementing sound and effective
environmental policies.
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Executive summary

The use of satellite data to construct yearly irgtggl ground level UV-radiation maps offers
a unique opportunity to investigate geographical tmporal variability of ground level UV-
radiation levels related to atmospheric changks,dzone depletion or cloud changes. The
combination with dose-effect models for UV-relasdtects, like skin cancer, further
enhances the application of UV-maps as a poweshlltd support environmental
assessments. Such assessments require the longrelysis of changes in yearly
accumulated UV-doses. This report describes thétsesbtained in the CUBEO-project: a
Climatology of Ultraviolet Budgets using Earth Ohs#ion. The project aimed at the
development and validation of UV-mapping methods tan be applied in environmental
assessments. The most important atmospheric comgoinduencing the ground level UV
are ozone and clouds. Ozone absorbs UV, espeatalhe shorter UV wavelengths and
clouds scatter and reflect the UV-radiation.

Three different schemes for the calculation of dletfects on UV-radiation are derived from
satellite observations and are compared with argtdaased empirical cloud correction in a
large statistical analysis. The first scheme istam three hourly cloud cover data obtained
from satellites, the second scheme combines theldover data with three hourly cloud
optical thickness determinations derived from $itéedata, and the third approach uses daily
reflection data from the TOMS-satellite to deritie tloud effects. The empirical ground
based method is based upon the link between thuetied in UV due to clouds and the
reduction of ground level global radiation. Theetie using TOMS reflection data provides
the best results for the six years of summer daadysed and on average agrees within 1-2%
with the ground based analysis. On a day to daig ba®lative standard deviation of 10% is
observed between the ground based reduction faotdrthe reduction factor derived from
the TOMS reflection data. For the monthly values dtandard deviation is reduced to 3%.
The results indicate that the satellite derivedidloorrection provides accurate and
representative results if the ground albedo is low.

The comparison with ground based UV-measuremertsfatent sites in Europe shows an
agreement for the yearly UV-dose within 10%. Ladggiations (40-50%) can occur when
the ground is covered with snow, but for most ef Buropean continent the influence on the
yearly UV-dose is limited.

From the perspective of environmental assessmieatdatermination of trends in relation to
atmospheric changes are most relevant. This rexjdata on the relevant atmospheric
changes obtained with sufficiently stable methau$ available over prolonged periods. An
indication of the long term stability of the UV-n@pg methods is obtained by means of a
systematic comparison of ground based and satééiiged UV-doses at the ground over a
period of nearly 20 years. The squared correlata@fficient between the two methods is
around 0.87 (increasing to 0.96 when omitting oe&r ywhich is an outlier).

Yearly UV-doses based on ozone data from diffesatellite instruments (TOMS and
GOME) show up to 8% differences over the Europearticent for the evaluated year 1998.

European maps of changes in yearly integrated Udgbéts at the ground and associated
excess skin cancer risks are provided and haverepented in national and international
state of the environment reports published by tagddal Institute of Public Health and the
Environment (RIVM) and the European EnvironmentgeAcy (EEA). These state of the
environment reports contribute to the provisiomddrmation necessary for framing and
implementing sound and effective environmentalges.
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1. Introduction

1.1 UV-maps and environmental assessments

Assessment of the effects of ozone depletion ologically effective solar UV at ground
level has greatly advanced through the use of resenising data. Satellite data on
atmospheric properties allow the construction afggaphically distributed surface UV
radiation maps based on radiative transfer caliomafBordewijk and Van der Woerd,
1997].

Stratospheric ozone is the major atmospheric absaftsolar UV-B (280-315 nm). For this
reason, the decrease in ozone columns observid Iadt few decades is expected to lead to
increases in the UV-B doses at ground level. Irsgean UV-B doses can lead to a wide
variety of adverse health and environmental effentsong which increases in skin cancer
incidence, cataracts and possible decrease in pribi@mass production [United Nations
Environmental Program (UNEP), 1998]. An assessmeeanvironmental risks [e.g., Slaper

et al., 1996] requires knowledge on the changsepéttral UV irradiances received at ground
level. Apart from changes in the total ozone ardrselevation also clouds, aerosols, ground
albedo and altitude play a role in the variabitityJV doses at ground level. It has been well
established that changes in the ozone column gire@related with surface UV irradiances
[Madronich, 1992; World Meteorological Organisati®MO), 1995; WMO, 1999]. Recent
studies established long-term upward changes ar skey UV-radiation levels in relation to
decreases in ozone (Zerefos et al 1998, McKenZ8)1#owever, a long-term upward UV
trend for yearly UV-doses at the ground in relatiothe observed ozone depletion has not
been established by means of direct ground-basedt&asurements. This is due to a lack of
long-term ground-based UV monitoring data setsinbthwith sufficiently stable
instrumentation, and the variability in UV-radiatitevels caused by year to year variations
in cloud effects. Over the last years importangpess has been made in deriving surface UV
irradiances from satellite observations [e.g., Herat al., 1996; Bordewijk and Van der
Woerd, 1997; Meerkoetter et al., 1997; Krotkovlet098]. The geographical distribution

of surface UV doses or, so-called UV maps, aredhalt of radiative transfer calculations

for a defined area and time period. The UV mapshbesansed to support risk assessments for
health and environmental effects of past and futhenges in the UV climate [e.g., Slaper et
al., 1996; Slaper et al., 1998].

1.2 Requirements of UV-maps from the perspective of ris
assessments

Many of the adverse health effects associated WNtkexposure, like skin cancer, skin
ageing and possibly cataracts, are related to deses/ed by individuals over prolonged
time periods, i.e. exposure over many years uplifetane. Other effects like an impairment
of the immune system can be related to doses estewver a period of weeks to months.
Some short term effects, like skin erythema (sumpand snowblindness, are primarily
related to doses received over a day, but areenfied by the exposure history of the
previous days to weeks. Adverse effects to plamdisterrestrial and aquatic ecosystems are
also primarily related to doses received over astleays to months, or in case of ecological
changes years. Effects of UV on materials, esgg@alymers, and paints are also related to
prolonged exposure periods.
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In order to obtain relevant quantities for the efffessessment it is necessary to weigh the
UV-spectrum with the appropriate, effect specifigldgical weighting factors. Primarily the
wavelengths in the UV-B range (280-320 nm) contelto the effective doses.

The main question to be answered within the cordgégnvironmental assessments: how will
atmospheric changes lead to changes in risks atedavith UV-exposure?

Therefore, it is most important to establish meththtat can be used to analyse UV-changes
over prolonged periods in time. Furthermore, fréw@ perspective of environmental policies
it is relevant to separate between effects dueain-made changes and natural variability,
and to establish spatial variations in the changes.

1.3 Satellite data as a complementary source to grounilased
measurements

UV-radiation levels at the ground in relation taoges in ozone and clouds can be assessed
by means of:
- direct spectral UV-irradiance measurements
- UV-transfer models in combination with ground badath on ozone columns and
cloud observations
- UV-transfer calculations in combination with satellbbservations on ozone and
cloud properties
In addition a combination of satellite and grourddd data could be used to analyse and
model UV-budgets.

From the perspective of environmental (risk) agsesss it is important to establish accurate
location dependent estimates of changes in the Uldgéts over the past and coming
decades. From that perspective it is importanssess the long term trends of time-
integrated UV-doses, and not so much the day tordagbility of the highest UV-irradiance
levels at solar noon, as indicated by the widebdusnd communicated UV-index. The UV-
index plays a role in communicating awareness ofefutial) high exposure situations to the
public, but is not directly applicable in environmi@ assessments.

The most direct way to assess the long term chaofgd¥-radiation levels at the ground is
the direct measurement of spectrally resolved gidewel UV-irradiance and the summation
of these measured irradiance levels to obtain titegrated yearly UV-doses. However,
such measurements, obtained with sufficiently stabld accurate instruments, are not
available over the required prolonged periodsnretiThe quality of UV-measurements in
Europe is improving and the initiatives to desigauaopean database for UV-measurements
helps to establish a source of direct informatiarthe UV radiation received at the ground.
Important limitations of the datasets are: thet@dinumber of years covered (5-10 years at
the most) and the limited spatial information doi¢hte very low number of sites that have
continuous monitoring data available. Thus, theditJV-radiation measurements can also
in the future not fully cover the requirements fridme perspective of environmental
assessments. Furthermore, from the perspectiveaaluation of environmental policies it
is important to separate the changes related toeozbanges from changes due to cloud
effects. This implies that also the direct meas@m®isof UV do not provide a direct answer
to the policy related questions. The UV-measuremprasently available can be used to
validate and improve the UV-mapping methods.

Another (be it indirect) way of assessing grounetléJV-doses, is the use of UV-transfer
models in combination with ground based ozone nreasents, and cloud observations.
Ozone measurements are available over prolongéadgen time at a limited number of
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stations, and the measurement techniques are ezhandficiently accurate and stable over
time. This approach provides results with a limispdtial coverage, but the approach enables
trend analysis in time.

The use of satellite data to analyse UV-budge&rsfi unique opportunity to investigate the
spatial and temporal variability of changes overBuropean continent. However, it is
essential to validate the methods for satellitévedrUV-budgets by systematic comparison
with ground based measurements, and by comparitigmore detailed methods over shorter
time periods. RIVM has focused on a methodologyttierassessment of long term trends
over the European continent, and the validatiothisfmethodology. Comparison on a day to
day basis with more detailed methods and measuttsreaables the study of limitations of
the present methodology and helps to focus on @jermssues for improvements.

1.4 Scope of the report

1.4.1 The project CUBEO and the connection to other projets
The report provides an overview of results andvés within the context of the project
Climatology of Ultraviolet Budgets using Earth Ohs#ion, shortly CUBEO (project
number 4.1/AP-03)). The CUBEO-project directly dsilupon the results obtained in the
BCRS-pilot project ‘Ultraviolet Dose Maps of Européhich was conducted at RIVM and
has led to a pilot methodology for the determinmatd UV-maps using satellite data
(Bordewijk and van der Woerd, 1997). This rep@satibes the activities and results
obtained in the CUBEO-project, which is focusedimee major aspects of the UV-mapping
methods:
» validation of the methodology by comparison witbgnd based UV-measurements and
UV-transfer modelling using ground based input data
» improvement of the pilot methodology, especiallgaxling the evaluation of cloud
effects,
» incorporation of skin cancer risk models and thgliaption of the methods in assessment
studies.
Furthermore the (improved) methodology has beenmeated to arrive at a pre-operational
method for UV-mapping: a prototype for the AssessmdOdel for Uv Radiation and Risks
(AMOUR), which will be further improved to obtainvalidated and documented
demonstration method in the context of the RUBEQ)qmt. The activities and analysis in the
CUBEO project benefited from the EU-project MAUVEZpping UV by Europe) and the
European UV-database that was developed in therglégt SUVDAMA (Scientific UV
DAta MAnagement).
The following RIVM activities were also relevant fine MAUVE-project:
- defining UV-map requirements from the perspectivEmvironmental (Risk)
Assessments
- improving the RIVM UV-mapping method with the airhlong term assessments of
UV-changes
- statistical validation analysis of cloud effectsl garticipation in the validation of
UV-mapping methods by comparing with ground basedsurements
- submission of spectral UV-irradiation data for dation of UV-mapping methods,
including: a full year of monitoring data for Bittkken and participation in the
MAUVE/CUVRA measurement campaign in March 1999.
- demonstrating the application of UV-maps in Enviramtal risk assessments, leading
to contributions to a CUBEO and a MAUVE leaflet.
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The MAUVE validation activities were also directiglevant for the CUBEO project and
some results of these activities are includedimréport, especially the comparison of
monthly doses obtained using remote sensing daketia@ measured UV-doses at five
different European sites. The activities in the EBproject focused on the effects of
changes in total column ozone and the effectsafdd, the primary parameters determining
the UV-doses. The influence of tropospheric paramsetike aerosol, SCand tropospheric
ozone has been investigated in the BCRS projectPHATE. The results of the
SULPHATE project will be used to further improveetmethodology by including the ability
to take into account the variations in troposphpaameters. The RUBEO-project will
implement the most relevant findings obtained e SULPHATE-project.

1.4.2 Outline of the report

Following this introductory chapter the next chagevides a brief description of the
methodology and satellite data used to make thevRIW- and UV-risk maps for the
European continent. The focus will be on threeedéht methods to evaluate the effects of
clouds on ground level UV-doses. Chapter 3 provaddescription of the validation of these
UV-mapping methods, focusing on a comparison witlugd level measurements and a
statistical analysis of cloud effects. Chapter@dvpites some results obtained using the
mapping methods to analyse changes in the UV tnecEtiropean continent in the past
decades. The results are presented from the pé&xspetenvironmental assessments, and
include examples of UV-risk maps in relation to @mvironmental changes. Chapter 5
summarises the main results obtained in the CUBROMAUVE projects and the
conclusions on further improvements of the methogipl
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2 UV-mapping methods at RIVM

2.1 Introduction

The method developed at RIVM is aimed at produoiaiput to enable environmental risk
assessments. From that perspective UV-maps areqeddor the European continent which
are integrated to obtain monthly and yearly sumdwsks of biologically weighted UV.
Evaluating the changes over time in UV-doses reckim Europe the UV-maps can be linked
with risk-assessment models (Slaper et al., 198G)btain excess skin cancer risk maps that
provide the excess skin cancer risks in Europecztead with the analysed UV-increases.
The main activities within the context of the CUBBG&J MAUVE-project were the
improvement and validation of the UV-mapping methothe work at RIVM focused on the
improvement and evaluation of methods for the eatédua of cloud effects. This chapter will
focus on a description of the presently availabé&hwods used to calculate UV-maps, and
UV-risk maps. An outline of the UV-dose calculatimethod is given in section 2.2. Section
2.3 provides a description of the UV-transfer mage basic parameters used in this study.
The three different methods that use satellite ttagvaluate cloud effects are described in
section 2.4. Section 2.5 gives an overview of #raate sensing data used, and section 2.6
outlines the risk assessment method. The metheds@uded in the pre-operational version
of the Assessment Model for UV Radiation and R{#ggOUR). The next chapter will
provide validation activities and chapter 4 wilbpide some sample results using the
methodology.

2.2 UV-dose calculations

First step in the calculation of the UV-doses reediat the ground is the construction of a
look up table, which provides cloudless sky effexlJV irradiances in relation to solar
zenith angle (SZA) and total ozone column)(@n the second step the look up table is used
to interpolate the effective UV-irradiance for ataeen location at a certain time using the
specific ozone and SZA values. The UV-irradianceoisected for the Earth Sun distance,
the altitude of the location and if required foe tffects of clouds. A subsequent summation
of the corrected UV-irradiances over time lead®tation specific doses. Usually daily,
monthly and yearly ground level UV-doses are caliad.

A UV-transfer model (see section 2.3) is used toutate spectral UV-irradiances
(E(1,0,05)) in relation to the total ozone columngj@nd solar zenith angle SZA)( The
spectral irradiances (EQ,0Os)) are multiplied with a set of biological weighgifiactors, e.g.
an action spectrum (A)), to obtain effect weighted spectral irradiand@s.integration of
the weighted spectral irradiances over the full @ength range provides effective the UV-
irradiance in relation to the total 0zone columd SZA (UVex(0,05)):

UVer(6,05) = [ EQ.0,05) x A(2) d 2

The look up table is used to calculate the effectiv-irradiance for cloudless situations for
a specific time and location. The effective UV-@tance is corrected for: the earth-sun
distance (ES, according to de Leeuw, 1988), akiti#&l_T= 1+0.06height (in km), in
accordance with Bordewijk and van der Woerd, 1389 clouds (CLD, obtained using one
of the methods described in section 2.4):
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UV(t, loc) = UVex(6(t, loc),0s(t, loc)) x ES(t)x ALT(loc) x CLD(t, loc)

where t -time, loc - location

A summation/integration of the corrected UV-irratia over time provides the time-
integrated UV-dose: UV(loc) # UV(t, loc) dt. The calculations are performeittviourly
time-steps.

2.3 Atmospheric UV-transfer model

2.3.1 Model description

The mapping method makes use of lookup tablesffectese UV as a function of total ozone
column and solar zenith angle. Values are for desgiskies and have been calculated with
our radiative transfer model UVTRANS version 5 (daumer, 1999). The model UVTRANS
makes use of a two stream algorithm. A two strelgorahm requires far less computing
time than more advanced algorithms like discretinate, and was used for that reason. A
comparison with other model results is discussesgation 3.2. The model is an improved
version of the model implemented by de Leeuw (19BB8provements made include an
implementation of anisotropic scattering by aersstbéxibility with respect to wavelength
interval and wavelength resolution, and flexibiliggarding atmospheric height profiles,
elevation level and choice of extinction crossisestused. The curvature of the earth
surface is taken into account by using a pseudergh geometry correction. S@bsorption
in the lower troposphere has been implementedemtbdel, but was ignored in the present
evaluations. The effects of $@bsorption are studied in the BCRS-project SULPHAT

2.3.2 Model input parameters

A fixed set of atmospheric parameters, given ihet&3.1 is used to calculate the look-up-
tables for effective UV. The set is taken from 81¢VDAMA model comparison (van Weele
et al., 2000) and applies to atmospheric conditammmon in Bilthoven.

Table 2.1 Atmospheric parameters used to calculat&e lookup tables.

ltem Value Profile Source

Ozone min, ozone max | 60-500 (Du), Ozone MLS***

Zone step 10 Du

Angle min, angle max 0-90 (degrees) Pressure MLS***

Angle step 1 degree

Aerosol optical thickness | 0.28 (at 320nm)? Tempea | MLS**

Anisotropy factor aerosols 0.7 * Aerosol Demerjian
et al. 1980

Wavelength dependency | 1/wavelength
aerosol scattering

Albedo aerosols 0.95 *

Pressure 1013 (hPascal)
Ozone cross section Bass&Paur 1984
Elevation 0 (km)

Ground albedo 0.02**

SO, 0 (Du)

*: height independent; ** wavelength independeritiMLS —Mid latitude Standard
atmosphere
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2.4 Methods to describe effects of clouds on UV

2.4.1 Three approaches for cloud effects: introduadn

Cloud cover (N) and cloud optical thicknesgg are dominant parameters in the

determination of surface UV doses. The effect ofids on instantaneous UV levels can vary

from small enhancements to almost total reductitdaud information, cloud cover and cloud

optical thickness, derived from satellite data espnts an average in time and space with a

relatively large variance and uncertainty. Averageer time clouds will lead to a reduction

of ground level UV-radiation levels compared to thear sky values, and the cloud
correction factor (CLD) for daily or monthly aveesjis therefore smaller than 1. In the text
the cloud correction factor will also be indicategithe UV-reduction factor. Three different
methods are considered to describe the effecbofdsl on UV in the construction of UV
maps:

1. a (pilot) method based on cloud cover data (N) ft8@CP (International Satellite Cloud
Climatology Project); for this method NDF is the W&duction factor used, see section
2.4.2,

2. anew method based on ISCCP cloud cover and clptickbthickness1,q) , where SDF
is the UV-reduction factor, see section 2.4.3

3. amethod based on TOMS version 7 reflectivity dateere TDF is the UV-reduction
factor, see section 2.4.4.

2.4.2 UV-reduction based on ISCCP cloud cover data

The pilot version of AMOUR (called Semi Empiricalddel) uses an UV reduction factor
due to clouds based on cloud cover only (Bordewatijii van der Woerd 1997). The UV
reduction factor due to clouds is defined as thie & the daily integrated UV dose under the
actual circumstances and the daily dose expectéerwoudless circumstances

(UV cioudy UV cioudiesy- Figure 2.1 shows the monthly UV reduction fagtdDF) based on
cloud cover. The UV-reduction factor

NDF =C, (N)

Cn is an empirical relationship between the instaetars cloud cover in octa (or cloud cover
fraction) and the UV reduction factor. The dots #melinterpolated line in figure 2.1 indicate
the average reduction factor used in this approastshown by the error bars the actual
reduction factor can vary quite a lot for a paitaeicloud cover, because the optical thickness
of the clouds can vary independently from the clooder. The large variability of the optical
thickness of the clouds is not taken into accoamd, limits the accuracy of this approach.
Bordewijk and van der Woerd (1997) used monthlyrage cloud cover data (ISCCP-C2
satellite data) for cloud reduction calculationsha pilot methodology for UV-mapping. The
non-linear relationship between the cloud covertaedJV reduction factor implies that time
and area averages of the cloud cover give risertosein the determination of the monthly
UV reduction factors. We therefore have improvealdpproach by using 3-hourly average
ISCCP D1 cloud cover data. The intrinsic error,ehhis made using monthly average cloud
cover, is therefore not introduced. Still, variasadue to differences in cloud optical
thickness are not represented. The UV reductiaiofdDF is compared with a ground
based UV-reduction factor and with other satetliéeived UV-reduction factors (see next
sections) in section 3.5.4.
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UV reduction function (C,)

cloud cover, N, in octa

Figure 2.1 The existing cloud parameterisation. The large dotgepresent the average of the instantaneous
UV reduction factors. The relationship shown is takn from Kuik and Kelder 1994.

2.4.3 UV-reduction based on ISCCP cloud cover andaud optical

thickness
To improve upon the cloud parameterisation in tle¥ipus section we developed a method
using satellite derived cloud optical thicknesaddition to the cloud cover data. The new
method is based on high-resolution satellite dataolrly) for cloud cover (N) and cloud
optical thicknesst(y) from ISCCP. The method uses a pre-calculated-lgotable of
instantaneous UV reduction functions and is disedigs detail in Matthijsen et al. 2000.

10|
0.9 [
0.8 [
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0.4 |

0.3 |-

UV reduction function (C,)

0.2 |-
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Figure 2.2 Calculated UV reduction functions due to clouds (&) as a function of the cloud optical
thickness ). The solid line represents the relationship caldated using base conditions at zenith angle
65° (see text), and the two dotted lines the uppand lower boundaries of this relationship, resultig from
sensitivity tests for all relevant solar zenith ankgs.
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A daily UV reduction factor (SDF = satellite derd/daily reduction factor) is derived from
Ct(1¢19,0) and N using the following equation:

oF - LOV.A-Na-C (7., 0))
2UV,,

where the terms in the numerator make the dailyddse, which includes the reduction due
to clouds, and the term in the denominator is #ig/dJV dose for clear-sky conditions. The
lines above symbols denote hourly average valugshansubscript “cs” indicates that the
hourly UV dose is for clear-sky conditions. N desthe cloud cover fraction, and tbe
instantaneous reduction function due to clouds figeee 2.2). Note that althoughq and N
are in fact 3-hourly averages, we calculated SDBEuygmation over every houx)( This
approach renders better results because the war@itithe solar zenith angle is described
with a higher resolution. The SDF-based method deesttin this section is extensively
tested with ground based UV-reduction factors otiea 3.5.3 (results from Matthijsen et al.
2000) for sites all over the European continent. Uereduction factor SDF is statistically
compared with the UV reduction factors NDF (desadiin section 2.4.2) and TDF
(described in section 2.4.4) in section 3.5.4.

2.4.4 UV-reduction based on TOMSY7 reflectivity

The improved cloud parameterisation (SDF) gives gesdlts for the UV reduction factor
but is limited by the availability of the remotenseng data from ISCCP. ISCCP is a project,
which continues at least until the year 2000. Havekie ISCCP D1 and D2 data sets are
made available with a time delay of about 5 yealsch makes UV dose calculations under
the real cloudy conditions for recent years not)(gessible (see figure 2.3).

Therefore we included in the application model aerahtive cloud parameterisation, which
is derived from daily TOMSY reflectivity data. The W¥&duction factor is described in detail
by Eck et al. [1995] and is based on the assumpfiaonservation of radiation assuming
that the ground albedo for UV is sma#l@.02). The daily TOMS UV reduction factor (TDF)
is than defined by the following equation. Notettloat optically thin clouds (reflectivity <
50%) a simple correction is included for the ungied surface contribution.
TDF =1- (R,-R))/(1- 2R,) R < 0.E 3
TDF =1-R, R >0.5 ®)
where R is the reflectivity (0-1) at 380 nm for TOMS vemsi@/nimbus7 data and at 360 nm
for TOMS version 7/earth-probe data.iR®the surface reflectivity or ground albedo.

TOMS7 - data OOOO0O0O00000000000 0000—————
ISCCP D1 - data EEEEEEEEE——— 2797777

I T T T T I L} T T L} I T T L} T I T L} T T I T T L} T I T L} T T I T T T L}
1970 1975 1980 1985 1990 1995 2000 2005
year

Figure 2.3 Data availability of TOMS7 data (circle3 and ISCCP D1 data (squares). The dashed indicate
planned availability. The continuation of the makirg of ISCCP D1 data or updates of satellite data adt
the year 2000 is probable but not sure now.
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The method has as main advantage that the necessaie sensing data is almost online
and freely available (http://toms.gsfc.nasa.gowrébver the TOMS version 7 data covers a
long period from November 1978 to now with somesgaup to one year in the beginning
of the nineties. Further the method is computatlgrsample and easy to include. The main
disadvantage is that the time resolution is snmaéiimum of one overpass value per day,
usually around 11 am local time). The monthly UV-ekderived using the UV reduction
factor, TDF, which is derived from the TOMS?7 reflediy, are compared with ground based
UV-measurements in four European sites in sectidnTDF is compared with a ground
based reduction factor (GDF) and with the UV redurcfactors described in the previous
sections (NDF and SDF) in section 3.5.4.

2.5 Remote sensing data

2.5.1 Introduction

The UV-map method uses several sources of remosengetiata (from different platforms)
for ozone, cloud parameters and aerosols. Thisosestimmarises the main remote sensing
data sets used in this study.

2.5.2 Ozone column

The operational UV-map model can use daily and nigmtiean data on the total ozone
column. The model allows for ozone column data mlediby either TOMS version 7 (level

3 gridded data) or for ozone column data from theb@& Ozone Monitoring Experiment
GOME (level 4, assimilated data). Both ozone ddesfave the same data format. The total
ozone values are given in Dobson Units in a X25fongitudelatitude grid. It should be
noted that the GOME pixels are larger than the TOMSIg, and the full global coverage of
GOME takes three days.

The daily mean and monthly mean ozone column datalatained from the TOMS version 7
data set of NASA's Nimbus-7 satellite. The TOMS atban development, evaluation of
instrument performance, ground-truth validation dath production are reported by
McPeters et al. [1996], who show that the satetldgved ozone column deviates no more
than 5% from ground-based measured ozone columns.

The GOME level 4 total ozone column distributiongalsulated with the Assimilation
Model of the KNMI, AMK, (see Levelt et al, 1996))he calculation is based on ozone
observations from the Global Ozone Monitoring Expemnt (GOME) onboard ESA's ERS-2
platform. The model makes use of the wind fieldsiaed at the European Centre for
Medium-range Weather Forecast. The AMK dynamical ehastill under development, and
therefore the GOME level 4 total ozone maps shoalddnsidered as a preliminary product.
Results presented in this report are based upeom@MS version 7 ozone data unless
indicated otherwise.

2.5.3 Cloud parameters

The 3-hourly cloud cover and cloud optical thicknleage been obtained from the ISCCP
data base using the ISCCP D1 data set. As a sepaetihod for evaluating the effects of
clouds the TOMSTY reflectivity data (daily and mowgjtdre used to calculate UV cloud
correction factors (see section 2.4.4 for details).
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2.5.4 Additional parameters

Data on ground albedo and aerosol optical progseatie not included in the basic
calculations at present. Ground albedo is expdotédve an important effect when the
ground is covered with snow, with a variation iognd albedo from 0.9 with fresh snow
down to 0.1 (old snow). It has been consideredstgeographically distributed maps for the
ground albedo. However UV ground albedo shows smigll variations during the summer
months when the UV dose is highest. The determinati@erosol optical properties from
satellite remote sensing data is not yet operdtimme validated. The SULPHATE project
focused on methods to include variability’s in a®ip SO2 and tropospheric ozone into the
modelling of UV-maps. RIVM provided its improved ORANS UV transfer model for the
SULPHATE analysis, and the results of the SULPHATE ysisiwill lead to an extension of
the AMOUR-method, which will be implemented in ttentext of the RUBEO-project. A
problem in the analysis of tropospheric changdisadimited availability of input data.

The TOMS version 7 reflectivity data include the eeflon (not absorption) by aerosols. So
by using TOMS version 7 reflectivity data to paraenise the effect of clouds on UV, the
effect of aerosols is partly included. TOMS alsoymes for a freely available so called
aerosol index (Al). However in absence of a tholouglidation of Al it is not used in the
present analysis.

2.6 UV risk assessment method

Excess skin cancer risks are calculated in relatidhe changes in the yearly UV-doses
received at a certain location. The excess riskesepnt the increase in skin cancer incidence
which are expected if the observed increase iny&hr-doses were prolonged for a

lifetime. The changes of skin cancer incidens® fue to the changes of yearly UV over a
period t-t; are derived by applying the yearly doses UV(x)yahd UV(x,y,t) and a

reference yearly UV-dose (WYto:

UV(xy.t))  (UV(xy.t))"
=31 (e (oo

Al is the excess skin cancer incidence per millienyear if the differences in yearly UV-
doses UV(x,y,t1) and UV(x,y,t2) are prolonged fdifetime. The summation is over three
different types of skin cancer: basal cell carciagiiaCC), Squamous Cell Carcinoma (SCC)
and melanoma (MEL) (in line with Slaper et al., @29-or each skin cancer type the
incidences () provides the baseline incidence associated wélreéference yearly dose
(UVo).

The calculations are performed assuming a populatitnthe sensitivity and sun seeking
habits of the Dutch population. In addition it ssamed that exposure habits and sensitivity
do not change. Parameter settings are in accordetit&laper et al. (1996), and are given in
table 2.2. The excess mortality risk could be calad from the excess incidences for each of
the skin cancer types using:

AsziS\Ali

where S indicates the fraction of the skin cancer casasis lethal.



page 20 of 54

Table 2.2 Parameters in the skin cancer risk calcations

|  Cancer type |l Ci S

1 BCC 900 1.4 0.003
2 SCC 160 2.5 0.030
3 MEL 110 0.6 0.250

Where | is the incidence per million inhabitants per ykarthe Dutch population
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3 Validation of the UV-mapping methods

3.1 Introduction

3.1.1 Validation: requirements and limitations

Ground based measurements and satellite obsersaiercomplementary sources of
information in the determination of UV-doses reletvfor effect evaluations. Ground based
measurements of UV-irradiation can provide detaihddrmation for a specific location and
a specific time, but it is not clear how represewéethe information is for larger areas.
Satellite derived information is usually less sfiedor a certain location and is not available
at all times, but it enables an evaluation of gapfgical variability. This difference in spatial
and temporal resolution poses difficulties in tivect comparison of ground level UV-
measurements and satellite derived UV-radiatioal&\Here, we will focus on the validation
of UV-maps from the perspective of effect evaluasioFrom that perspective it is most
relevant that time integrated doses are calcukatedrately on a time scale from days to
years. Skin cancer evaluations require primarilgriyedoses and a stability of the
assessments over the years, whereas sunburn ewasuaquire daily doses primarily.

An optimal comparison between satellite derived ifddiance and ground based
measurements requires many measurement sites withgrid cells representing the view of
the satellite, or a very narrow view of the satellA high density of UV-measurement
stations is not available and a direct comparisith ground based UV-measurements over
prolonged time periods, is often not possible &klof long term data. Therefore, we have
separately analysed various steps in the map makatigodology. The next section provides
a brief overview of the various validation actiegi

3.1.2 Outline of validation activities

The maps produced at RIVM are used for environmemtdleffect assessments and focus on
changes occurring over a period of years. The miagpsa intended to produce a very high
local precision and are not used to evaluate U\élewith a high temporal resolution. RIVM
therefor focused the validation activities on ttadistical analysis of available data sets, and a
step wise validation for the various steps involirethe map-making. The major steps in the
map-making are described in the previous chapteiirarolve: the use of a UV transfer

model and the determination of the relevant pararaehat determine the UV-doses. The
next two sections are focused on an evaluatioheftVv-transfer model used in the RIVM
map-making. In section 3.2 we evaluate the UV-tiemsodel by comparing with several
other transfer models. This comparison focuses amddree situations. In section 3.3 we
include an empirical model for ground based evaaatof cloud effects on the UV-doses

and we use ground based input parameters forahsefar model to compare modelled yearly
UV-doses with measured ground based UV-doses operiad of five years in Bilthoven. In
section 3.4 we use input data obtained from stelto calculate ground based UV-doses and
compare with measured monthly UV-doses at diffel@cdtions in Europe. The satellite data
provide spatial averages of the cloud optical patans and thus a statistical evaluation of the
accuracy is required to investigate how represeettihie data are for the area covered. This
type of analysis requires a systematic comparistéimgvound based data. The empirical
model for cloud effects uses ground based measumtsroéglobal radiation to calculate the
UV-reduction by clouds on a daily basis. The glatmbr radiation measurements are widely
available at many locations in Europe and thusglosind based method allows for a direct
statistical comparison with cloud effects calculai®m satellite observations. This statistical
analysis is provided in section 3.5, where thedltiéerent methods for calculation of cloud
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effects are compared with the ground based methoithé summer period. Section 3.6
provides a comparison of the difference in the lydd¥-doses comparing 1997 and 1984.
The relative change in effective UV is analysed vaitldl without using cloud corrections. For
the location de Bilt we have studied the long tstability of the satellite derived UV-doses
as compared to UV-doses derived from ground bastdah ozone and global radiation.
Results are also provided in section 3.6. In se@i@ we compare the yearly UV-doses
obtained using ozone data from two different ségglilatforms: TOMS and GOME.

A summary of the validation results and limitatiarighe present methodology are outlined
in section 3.8 using further information from theAMVE validation strategy, and findings
from the SULPHATE project.

3.2 Comparison of UVTRANS model with other UV-transfer
codes

The UVTRANS model was compared with other UV transfedes in the context of the
SUVDAMA model intercomparison. In that study siowtlless sky cases were studied with a
set of twelve UV-transfer models, and a benchmatiyerwas calculated for each case. The
main results of the comparison of UVTRANS with tlenbhmark values for these cases are
summarised in the table 3.1. At low Solar Zenith lksSZA), typical around noon at mid
latitudes in the summer, the agreement with resiitained with other codes was within 3%
for the erythemally weighted UV-irradiance, andhiit3 to5% for the spectral irradiance
(300-400 nm). For SZA above 65 degrees the devetietween the model benchmark and
the UVTRANS value are between -1 to +7% for thermmwtally weighted UV and for the
300-310 nm range the deviations from the benchmmankamount up to 10-20%. Deviations
between the model benchmark and measured speateauagally in the range of 0-13% (see
Van Weele et al., 2000).

Table 3.1 Comparing UVTRANS model with benchmark c&ulations from other UV transfer codes

Comparing erythemally weighted (CIE) irradiancetaoted for six cases in the model
benchmark (van Weele et al.2000) with results olethusing the UVTRANS model
Case| Location SZA | Ozone | Aerosol Benchmark| UVTRANS | relative
) (DU) | optical value deviation
thickness*| (mW m-2) | (mW m-2)
1 Ispra 62.7 318 1.563 22.7 22.5 -1%
2 Ispra 25.1 318 1.563 140 136 -3%
3 Garmisch P 68.3 399 0.016 24.9 27 +7%
4 Garmisch P 29.9 327 0.016 193 199 +3%
5 Garmisch P 69.7 319 0.156 20.9 22 +6%
6 De Bilt 32.4 295 0.250 186 189 +2%
*

aerosol optical thickness at 320 nm for the baugdayer aerosol, assuming a single
scattering albedo of 0.90 for cases 1 and 2, &8flfor the other cases; surface albedo is 0.40
for case 3 and 0.02 for all other cases; othempeatars as in van Weele et al., 2000.

The conclusions from these results can be thatfteetiwe UV-irradiance for the
erythemally weighted UV are in line with other Ukahsfermodels. Deviations are occurring
at high solar zenith angles in the wavelength re8@f£310 nm.
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3.3 Model-Measurement comparison at the RIVM site

3.3.1 Introduction to comparisons including cloud effects

To further investigate if the UVTRANS model couldimsed to analyse doses accumulated
over a year we have compared modelled yearly U\éslogth measured yearly doses at the
RIVM site, using data from the RIVM UV-monitoringsgem (den Outer et al., 2000). In
order to compare measurements with modelled UVsidsectly the effects of clouds need
to be taken into account. An empirical cloud caticetwas developed at RIVM (Bordewijk
et al., 1995, Slaper et al., 1994) and improvedntg (den Outer et al., 2000) to calculate
cloud reduction effects in the UV from global ratia measurements. This method will be
briefly outlined in the next section, and then &ggbto Bilthoven in the years 1994-1998 in
section 3.3.3.

3.3.2 Empirical model for reduction of UV by clouds

The effects of clouds on the UV-irradiance are higidriable, which is related to the large
variability of relevant cloud parameters like: aliocover, cloud shapes, cloud optical
thickness, water content etc.). The effects of cdomra the UV-irradiance can vary from
(small) enhancements on the short time scale yrattdly clouded conditions to large
decreases under full cloud cover with clouds witarge optical thickness. From the
perspective of effect evaluations the short timeescare not relevant, and on average the
clouds are bound to have a reducing effect on tertadiance. In line with previous studies
(Bordewijk et al., 1995, Bodeker and McKenzie, 108& analysed the effects of clouds on
daily integrated UV-doses and daily integrated glohdiation (being the broadband
integrated radiation from UV up to infrared). Itfeaind that the reduction of UV compared to
the cloudless situation correlates to the redudtidaV (see figure 3.1).

Global radiation is measured as a standard metsgpoal parameter at many meteorological
sites and these measurements are therefor widallable (see next section).

Reduction factors for global radiation were deteri dividing the measured daily sum of
global radiation by daily sums calculated usingdeaicsky empirical model. We used daily
integrated global radiation measurements from aayaaeteorological station (KNMI in de
Bilt) and compared the calculated reduction of glahdiation with the cloud-induced
reduction in the daily integrated weighted UV-doBke latter reduction is obtained dividing
the measured daily UV-dose by the modelled UV-dosghe cloudless sky case. The
cloudless sky values are obtained using the UVTRAN@Eel with a standard (cloudless)
atmosphere, using measured ozone values and itibegitae weighted spectral irradiance
over the day.

The UV radiation measurements were made with a RetreBerger (RB) UV biometer at
the measurement site of the National InstitutenefRublic Health and the Environment
(RIVM). The spectral sensitivity of the RB-meter appmates the spectral sensitivity of
Caucasian skin to sunburn (i.e. the erythema aspeatrum).

In Figure 3.1 the reduction factor in the dailyeetive UV-dose is plotted versus the
reduction factor for the global radiation for thexemer months in 1994 and 1995 in
Bilthoven. The solid line represents the optimum eoiaw fit: G- = a (G/Gg® = UV/UV s

(as in Bodeker and McKenzie, (1996)) with a = 1a@8 b = 0.84. The dotted lines represent
an upper and a lower limit of the plotted data.

We concentrate in this report on summer periodsdoeral reasons. Summer periods yield
the major contribution to the yearly UV-load, andasurements over Europe are more
comparable during summer periods. High ground allzkek to snow will be absent as well
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as extreme difference in solar zenith angles. Bedekd McKenzie (1996) have reported a
solar zenith angle dependence of the relationsétiywden the reduction of pyranometer
readings and the reduction of UV. Our findings aonfa solar zenith angle dependence,
leading to a more linear shaped relation with lolaszenith angles and a more curved
relation for high solar zenith angles (den Outealgt2000). In the next section we will use
the seasonally (=zenith angle dependent) clouagcton functions obtained by den Outer et
al. (2000). In the sections thereafter the sagetlérived cloud correction factors are
compared without taking the seasonal influence atctmount.

UV reduction function (C))
>
1

0.0 ¥*+——vV——9—-"+—F+—"+—¥+—+—7+—F1—"—F+—1"—"—""—1
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Figure 3.1 Daily mean UV reduction functions (G) as a function of daily mean global solar radiatia
ratios (G/G.g). The relationship is based on UV and global solaiadiation measurements at RIVM in
Bilthoven in the Netherlands during the months of May, June and July of 1994 (solid circles) and the
same period in 1995 (open circles). The solid lirepresents the best fit with a power-law function ad the
surrounding dotted lines the upper and lower limitsof Cg.

3.3.3 Comparing modelled and measured yearly UV-doses uxj

ground based data

We use the reduction in global radiation to detesrthe UV-cloud correction, applying the

cloud correction function described in the previsastion. This is done in two ways:

* Multiplying the daily UV-dose, obtained applyingettVTRANS model, with the daily
cloud correction factor we obtain a modelled ddibge for the clouded situation which
can be directly compared with the daily dose cal@d from the UV-measurements.
Summing over all days in the year we obtain thelyddV-dose.

» Dividing the measured yearly UV-dose by the modkjiearly UV-dose for the clouded
situation yields a correction factor between mada measurement. This factor is
multiplied with the modelled cloudless sky dos®ltain an estimate of the ‘measured’
yearly sum for the cloudless sky.

Figure 3.2 shows the results for the cloud-includedlysis and the cloudless analysis. As

can be seen there is good agreement between thelletbdnd measured UV. Most relevant

from the perspective of effect assessments isattettat the relative changes from year to
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year are well matched. This implies that the madelf is suited for an analysis of yearly
doses for Bilthoven provided that the correct ingiatia are used. In this case we used local
ground based daily data for global radiation anohezvalues averaged from two ground
based stations and the TOMS satellite (if availglaled all other atmospheric parameters
were fixed (see chapter 2).
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Figure 3.2 Modelled yearly UV dose related to the gasured yearly UV dose, obtained from spectral UV-
measurements and weighted with the CIE erythemal a@ion spectrum (McKinlay Diffey, 1987). Dotted
lines depict full agreement between measured and rdelled UV-doses.

3.4 Comparing measured UV-doses and modelled UV using
satellite data

3.4.1 Model and measurement comparison in Bilthoveim 1997

In this section we compare UV doses measured ogrthend at Bilthoven in 1997 with
modelled UV using ground based input parametersvariklled UV using input parameters
based on satellite information. The comparison aviged in figure 3.3. The method based
on TOMS reflectivity measurements is used to cateuleduction due to clouds (TDF,
section 2.4.4). Integrated over the year the mbdséd on ground based input parameters
compares very well with measurements (within 1%$hbuld be noted that this agreement in
absolute values is partly due to the choices ofesatmospheric parameters and the cloud
corrections, which are specifically fitted for tBdthoven situation.

The modelled yearly UV-dose based on TOMS overpatsate also in close agreement
with the measured yearly UV-dose: the modelledesleing +0.7% higher than the
measured values. Using the gridded TOMS-data thesheadyearly dose is +4.3% higher
than the measured yearly dose. The overall agreemtrarefore at the 1-5% level.
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DAILY UV DOSES AT BILTHOVEN in 1997: RIVM
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Figure 3.3 Modelled monthly averaged daily UV-dosessing input data from satellite observations in
comparison with measured monthly averaged daily U\doses in Bilthoven in 1997 and with modelled UV
using ground based input data. Data + supplementedhta refers to measured UV (missing spectral
measurements are supplemented by modelled data, cecting the modelled data for average differences
observed between model and measurements). TOMS opess refers to modelled UV using the TOMS
overpass ozone values and reflection data. TOMS glded uses the gridded ozone and reflection data;
Ave. + pyranometers refers to the methods using gamd based ozone and global radiation (pyranometer)
readings.

3.4.2 Modelled UV using satellite data and measureldV-doses at four

European sites
Satellite derived UV-doses (monthly and daily sufos)1997 have been compared with
ground based spectral measurements for five diffestations in Europe, as part of the
MAUVE validation strategy (Kalliskota et al., 199%eeters et al., 1999): Garmisch-
Partenkirchen, Brussel, Bilthoven, Jokioinen andhisoe. Modelled values are based upon
the overpass data from TOMS, using the TOMS vergiceflectivity measurement to derive
the cloud correction factors (TDF). Figure 3.4 pd®& the results for four sites (results
provided by A Arola from the Finnish Meteorologidastitute (FMI)). The modelled yearly
UV-dose exceeds the measured UV-dose for the ftag shown: +0.7% in Bilthoven,
+4.6% in Garmisch-Partenkirchen, +8.8% in Brussais, +10.3% in Jokioinen. It should be
noted that the measured data from Brussels andideki have not been corrected for cosine
errors of the instrumentation. Accounting for tlesiae error would probably result in a 4-9
% increase of the measured UV-doses. It is thepefuvable that the agreement between
modelled and measured yearly UV-doses is withinf@@the four stations in figure 3.4.
Looking at seasonal differences an overestimatidghe summer period and an underestimate
in the winter period is observed especially dupegods with snow cover. In line with these
findings the results for Tromsoe (above 68 show much larger relative errors than for the
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other sites. The deviation due to snow cover inttimter is easily understood since in the
TOMS reflection measurements are not correctedifpr dlbedo effects due to snow, which
implies that snow cover is mistaken for clouds. Fammsoe (at 69N) the snow cover period
expands into May leading to a nearly 40-50% undienase in the period up to May.
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Figure 3.4 A comparison of modelled monthly UV-doseat ground level using input data from satellites
(TOMS-reflection for cloud effects) with measured nonthly UV-doses (results obtained from the
MAUVE-validation, provided by A Arola (FMI, Finland )). NB: days for which spectral measurements
are missing, are supplemented by using the averagaily dose of the days with measurements in the
month.

3.5 UV-reduction by clouds: comparing satellite and groind
based methods

3.5.1 Statistical analysis of cloud effects: introduction

Clouds are a dominant factor in the determinatioground level UV-doses and the high
temporal and spatial variability complicates th&dation of satellite derived cloud effects
since satellite data provide averages over timevawling area. Using the empirical cloud
correction method described in section 3.3.2 weusanglobal radiation measurements at the
ground to investigate cloud effects on UV on a lscale. The availability of global radiation
measurements at many meteorological sites makessible to investigate the validity of the
geographical averaging of cloud effects estimatenhfsatellite observations. In sections
3.5.2 and 3.5.3 we present the major results frataistical comparison between ground
based and satellite derived cloud effects on Uhguthe SDF-method described in section
2.4.3 (further details are reported in Matthijseale 2000). The investigation is limited to
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the summer periods to avoid additional complicaibom high albedo situations due to
snow cover. In section 3.5.4 we compare the threthoas for satellite derived cloud effects
as described in chapter 2 (sections 2.4.2, 2.42ah4) with the ground based analysis.

3.5.2 Ground based stations used in the statistical anatys

The map in figure 3.5 indicates the 125 sites foictviglobal radiation measurements are
used in the statistical analysis. Data are obtaireed the World Radiation Data Center
(WRDC) database. From that database all Europeasaié selected which meet the
following criteria:

» available data for the studied period (May-Jung-19190, 1991, 1992)

» altitude is below 500 meter

» atleast three selected stations are situatedarn®@CP grid cell
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Figure 3.5Area considered comprising 280 km equal-area ISCCBrid-cells (thin lines). The dots denote
the location of the selected WRDC stations supplyinglobal solar radiation data for the period
considered. Stations were selected if their altitues were less than 500 m and if the ISCCP grid-cell
contained at least two more WRDC stations. Resultsf the hatched grid-cell are shown in Figure 3.6.

3.5.3 UV-reduction from ISCCP cloud cover and cloud optial

thickness (SDF) and ground based stations (GDF)
Figure 3.6 shows the temporal behaviour of SDF@DéF for the ISCCP grid-cell covering a
small part of Germany, most of Belgium and a lgrge of the Netherlands (hatched grid-
cell at approximately 6°E and 51°N in Figure 1)isTépecific ISCCP grid-cell contains the
highest number of WRDC stations (12) having a nséit even distribution. Moreover, the
relationship used to calculate GDF is derived frasasurements at a site in the same grid-
cell. The results for this grid-cell are therefosiéved to be the most reliable. The thick
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solid baseline represents GDF values obtained img tlse best-fit relationship (Figure 3.1).
The upper and lower boundaries of the grey arealatened by using instead the upper and
lower limit fit, respectively. From Figure 3.6 weesthat the contours of GDF and SDF
(dotted lines) are very similar; however, SDF doesalways fall within the range of GDF.
For reasons of clarity we have not pictured thaddad deviation in GDF, which is for this
grid-cell always< 0.1. For the same reason we did not include ttwnated error of
approximately 7% in SDF. When these uncertaintiegaken into account both UV
reduction factors agree except for a few very lalugs. Further, the results for this specific
grid-cell indicate small systematic differencesnween SDF and GDF, SDF is slightly higher
than GDF.

UV reduction factor
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Figure 3.6 Temporal development of daily mean UV réuction factors for the ISCCP grid-cell at
approximately 6° longitude and 51° latitude (hatchd grid-cell in Figure 1). The thick solid line is he daily
mean UV reduction factor derived from ground-basedneasurements (GDF) and the dotted line is the
daily mean UV reduction factor derived from satellie observations (SDF). The grey area represents GDF
values, which can be obtained using anygralue within the range of the upper or lower limit(see Figure
3.1).

We determined for all grid cells the daily UV-retioa factor based on the global radiation
measurements (GDF, averaged over the stationgrid @ell) and the satellite derived
reduction factor using the ISCCP cloud cover anddloptical thickness data (SDF). All
daily values are grouped according to the solaitz@mgle at local noon. Figure 3.7 shows
the results of this analysis where the data aneduiraccording to the SDF and the variation
in the GDF is shown. The results do not indicategaifscant zenith angle dependence for the
summer period considered. A systematic shift ob@s(bserved in the reduction factors
(SDF being larger than GDF) and a standard devidtetween SDF and GDF values of 0.06
with a 90% confidence interval from —0.09 up toOwlhen comparing daily values. The
standard deviation for 10 day averaged reductiotofa is smaller: 0.03, which indicates that
averaging over longer periods improves the agreemen
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Figure 3.7 Mean GDF versus mean SDF as a functioff lncal noon solar zenith angle of an ISCCP grid-
cell. Each dot denotes an average of the values GRRd SDF within a bin size of 0.05 for SDF. The
horizontal bars are the standard deviations of GDRn each bin. Open dots are used when there were s
than 12 combinations of GDF and SDF available fortte average. The range of local noon zenith angles i
found in the left corner of each graph.

3.5.4 Comparing three approaches for cloud effects with igpund

based data

Three methods for assessing UV-reduction by cloagigh the use of satellite observations
are compared with ground based UV-reduction fa@srsbtained using global radiation
measurements (GDF)(Matthijsen et al., 1999):
* UV-reduction based on ISCCP cloud cover data, Né&€t{on 2.4.2)
» UV-reduction based on ISCCP cloud cover and claqutetal thickness, SDF (section

2.4.3)
* UV-reduction based on TOMS?7 reflectivity, TDF (seat2.4.4)
Over 730 daily values of GDF were compared withttitree methods using satellite data.
Results of the comparison are summarised in taBl&igure 3.8 shows the correlation of the
daily UV-reduction factors for each of the threetioels data with the ground based analysis
(GDF).

Table 3.2 Comparison of satellite derived NDF, SDEnd TDF daily cloud reduction factors with ground
based GDF factors. Results are obtained for over 83ays during the summer months May-August in the
years 1986, 1988, 1989, 1990, 1991 and 1992.

Daily values Monthly averaged values
Method | Mean Correlatio | Method- | st.dev| correlation | Method- | st.dev
reduction | n R? GDF R? GDF
GDF 0.658 1 0 0 1 0 0
NDF 0.604 0.68 -0.053 0.116 0.79 -0.046 0.04
SDF 0.769 0.88 0.112 0.075 0.87 0.115 0.03
TDF 0.673 0.91 0.015 0.068 0.93 0.022 0.02
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Figure 3.8 Daily UV reduction factors based on grond based global radiation measurements (GDF)
versus NDF (top), SDF (mid) and TDF (bottom) for tke ISCCP grid cell which contains part of The

Netherlands, Belgium and Germany (Hatched grid celin figure 3.5).
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Figure 3.9 shows the correlation between the mgmtidan values for GDF and NDF, SDF
and TDF respectively. Again it can be seen thafDE closely matches the GDF values as
illustrated by the least square linear fit: TDF 64h(x 0.035)+ 0.963(x0.053)xGDF.

For the grid cell and period of the year (May-Augyu®nsidered in this analysis the day to
day standard deviation between TDF and GDF is 0(94®% relative error), whereas the
monthly standard deviation between TDF and SDF(Q2 (Jess than 3% relative error).

We conclude from these results that the methoddbaisehe TOMS-reflection data provides
the best comparison with the ground based redutdiciors. This result is surprising since
the TOMS reflection measurement is based on a sowggpass for each day, whereas the
ISCCP data are determined every 3 hours duringalge
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Figure 3.9 Monthly mean UV reduction factors basean ground based global radiation measurements
(GDF) versus NDF (triangles), SDF (squares) and TDEeircles) for the ISCCP grid cell which contains
part of The Netherlands, Belgium and Germany (hatchd grid cell in figure 3.5). The solid line denotean
optimal match between the reduction factors derivedrom satellite observations and the ground based
reduction factor (GDF); the dotted lines are linearbest fits.

3.6 Long term changes in yearly UV-doses, including and
excluding the influence of clouds

3.6.1 Long term comparison of changes in UV: introduction

In the previous sections UV-doses obtained witlhugdobased data have been systematically
compared with methods using satellite observatibliosvever, the analysis was restricted to
five to six years of data at the most. From thepective of environmental assessments long
term evaluations of the changes are required, whithnigh demands on the stability and
availability of the data sets. As an example ofgtugly of long term changes we calculate
differences in UV doses for the years 1997 and 198dtion 3.6.2). In section 3.6.3 we study
the long term stability of the satellite derived #uddgets by comparing with UV-budgets
derived from ground based measurements on ozonglabal radiation.
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3.6.2 Differences in yearly UV-doses in Europe comparing997 and

1984
In this section we compare changes in the yeaviyddses for 1997 with the yearly UV-
dose in 1984 in two different ways: one without@atting for the effects of clouds and the
other accounting for cloud effects using the TOM#&ectivity method (TDF, section 2.4.4).
It should be noted that this comparison is notraadyais of a systematic trend but an example
of changes between years. The comparison is bas€tEeweighted erythemal UV and uses
TOMS version 7 ozone data and reflection data (T2Ehod). Figure 3.10 top shows the
change in the UV-dose without taking the cloud afaitity into account. For the Netherlands
the doses in 1997 are &1.4 % higher than the doses in 1984. Using growaset ozone
data from KMI in Uccle (Belgium) the difference tveten 1997 and 1984 is 9.6 % (ozone
data kindly provided by de Muer and de Backer (KM cluding the cloud effects (fig. 3.10
bottom) increases the variability of the changesr &urope. For the Netherlands we find that
the UV-dose is 21£8.7% higher in 1997 than in 1984, when using the Ti&fhod (TOMS
reflectivity, using gridded data). This matches with ground based analysis (GDF) which
provides a change of 17.8 % (using KNMI global aiidin in combination with KMI-Uccle
ozone measurements). In the following section we Isdudied the year to year changes
comparing ground based analysis of the yearly USedwith satellite derived UV-doses over
a prolonged period.

3.6.3 Long term comparison of modelled yearly UV-doses:rgund

based versus satellite based
The evaluation of long term changes requires thattidata are available over prolonged
periods and that the instrumentation and techniguesufficiently stable. In figure 3.11 we
compare two methods to calculate yearly UV-doséleaground in de Bilt for the period
1979-1998: one method uses input data from groasddmeasurements (ozone and global
radiation) and the second method uses satelliteresigons (total ozone and reflectivity
measurements from TOMS). Ground based ozone measntgare obtained from KMI
Uccle and are used as input in model calculatiorzbtain the clear sky UV-doses in de Bilt.
TOMS overpass data for Amsterdam is used for tatiginon ozone data in the method using
satellite data. In the ‘clear’ evaluation of figuBd. 1 clouds are not taken into account and the
overall result shows a good correlatiorf¥B.872) between the two methods with on average
2.5% lower values for the satellite based analye. absolute difference of 2.5% is
probably due to the difference in location for dmne determinations. A similar difference
of nearly 3% is observed comparing yearly UV-dasssulated for de Bilt for the past five
years using the KMI-Uccle data with UV-doses olddinising ground based ozone
measurements from KNMI in de Bilt. Yearly UV-dosee also calculated for both methods
including the effects of clouds (cloudy panel iguiie 3.11). The satellite derived cloud
effects are obtained using the TOMS-reflection mesaments for the Amsterdam overpass,
and the ground based cloud effects on UV are catledlfrom the ground based global
radiation measurements obtained from KNMI in de @ipplying the method described in
section 3.3.2). The results of the satellite basedyais are in good agreement with the
ground based analysis: the squared correlatiorfiiciestt (R*) equals 0.873 when all
evaluated years are used and increases to 0.8 1082 data are excluded. As can be seen
the clouded data for 1982 show a deviation of adebf, which is much larger than for all
other years evaluated.
We can conclude that the results for the yearlyddge derived using satellite data agree
quite well with the ground based analysis of the-tibge for the site in de Bilt for the period
1979-1998. This result gives confidence that thell#gt methodology is sufficiently stable to
analyse trends and changes over time.
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Relative change yearly UV dose 1997/1984, clear
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Figure 3.10 Relative change in yearly UV-dose (CIHpr 1997/1984 without (top) and with cloud effects
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Figure 3.11 Comparing yearly UV-doses at ground leat based on ground based ozone and global
radiation measurements with UV-doses from satellitelata, using TOMS derived ozone and reflection
data. The left plot shows the results for cloudles&lear) yearly totals, the right plot includes theanalysis
of cloud effects. Satellite derived doses use TOM&one and reflection data for Amsterdam overpass.
The ground based analysis uses ozone from KMI in @te to calculate UV at the ground for Amsterdam.
The global radiation measurements from KNMI in de Blt are used to calculate cloud effects for
Amsterdam.

3.7 Comparing yearly UV-doses using TOMS and GOME
ozone data

In order to compare the use of different platfomeshave compared the yearly total UV-
dose obtained for 1998 using TOMS and GOME ozonerdafzectively. Figure 3.12 shows
the results for the relative difference betweenytbarly UV-doses obtained using both
platforms. We used the GOME level 4 data, and tlagive difference is obtained

calculating: (GOME-based UV — TOMS-based UV)/(TOMS4dxh UV). The results indicate
a difference between 0 and 8% in the yearly UV-dad#ained over the European continent.
The relative deviations are smallest in Scanding¥i, and increase to 7-8% in some areas
in the Mediterranean (Greece and northern Afritag difference for large parts of central
Europe is around 5%.

In view of these differences between the TOMS and/&@erived UV-doses it can be
concluded that in trend assessments it is nogsifarward to combine different satellite
instruments for retrieval of ozone columns. Fumhere, the variation over the continent
shows that the comparability of results in onesrgioes not mean that the agreement is
equally well in other regions.
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Figure 3.12. Relative difference in modelled yearlyJV-doses comparing the use of TOMS total ozone
data with GOME level 4 total ozone data.

3.8 Overview of validation activities and results

Sources of error in the production of UV-maps eelatthe UV-transfer modelling, the time
and spatial averaging and the errors and unceadaiimt the input data. We investigated the
uncertainties in the UV-transfer modelling by comipg calculated effective UV-irradiances
for specific cloudless sky situations with resaltgained using other transfer models and
with measurements. For low solar zenith angles (&5 the agreement with other models
was within 3%, for larger SZA (> 6pthe deviation was in the range —3 up to +7%. The
comparison with measurements showed a deviationeleet —3 up to +10% for the low SZA,
and for the high SZA the deviation was betweenaiid+15%. We further analysed yearly
UV-doses in Bilthoven comparing measurements andefspusing ground based input data,
and found good average agreement between measuseamehmodels for 5 years of data
(within 3% for the yearly totals). Yearly measutdd-doses for four locations in Europe
with latitudes from 47 N up to 62 N are compared with UV-doses obtained with monglli
using satellite observations (TOMS ozone and refliégtdata are used). Deviations found
range from 1 to 10%, but are likely to be smalfgobably to 1-6%) following cosine
corrections for two of the measured data sets. Eiv@tions show a seasonal dependence,
especially when snow cover is involved. The usetictivity measurements from the
satellites for the estimation of cloud effects caty give meaningful results if the ground
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albedo is properly estimated. Without snow the @tbis usually low (around 0.02) and of
limited influence, but the albedo can be much higiteen the ground is covered with snow
(albedo between 0.1 and 0.9). A correct estimatbesnow albedo is required because
otherwise the snow reflections are interpreted@sds leading to too low values for the
modelled UV-irradiance. The average deviations duperiods with snow cover can amount
to 40-50% errors. This was observed for Tromsoe ithridorway situated at 8N where

the snow cover can remain until May, and thus eely UV-dose in that case is
considerably underestimated. For Garmisch-Parteinir (at 47N and 730 m altitude) a
similar underestimate was observed during winteruiding the MAUVE-campaign period

in March 1999 due to large amounts of snow. The uasimation of yearly UV-doses due
to the omission of the snow albedo has limitedufice on the yearly total UV-dose for
Garmisch-Partenkirchen and Jokioinen (at 60 N)esthe winter half year contributes no
more than 10-20% to the yearly UV-dose. Snow all@dgs no role whatsoever for
Bilthoven and Brussels. The variation between measdaily doses and modelled daily
doses for Bilthoven and Brussels is typically a30%. This variation reflects the local
daily variability in clouds and the variation irher atmospheric parameters like aerosol and
tropospheric ozone, which are not included in th@adhic variables in the present model.

Three different cloud correction schemes using ldatebservations were compared in a
large statistical analysis with a ground based &ngpicloud correction for the UV-
irradiance. The empirical method was based upofirtkdetween the reduction in UV due
to clouds and the reduction of ground level glabdiation. The scheme using TOMS
reflection data provided the best results for iRg/ears of summer data analysed and on
average agrees within 1-2% with the ground basaty/sis. On a day to day basis a relative
standard deviation of only 10% is observed betwiheraveraged ground based reduction
factor for an ISCCP grid cell and the reductiontdaclerived from the TOMS reflection data.
For the monthly values the standard deviationdsiced to 3%. These results indicate that
the satellite derived cloud correction provideshhygaccurate and representative results for
the grid cell analysed if the ground albedo is low.

The analysis of long term trends requires that degaavailable over prolonged periods in
time and that the input data are acquired withigefitly stable methods. An analysis over
nearly twenty years of yearly UV-doses shows thattOMS-based analysis agrees well
with the ground based analysis indicating a goadikty of the satellite based and ground
based data. This holds for the cloudless sky arsafssivell as for the cloud-included analysis
for the central part of the Netherlands. An extendo other areas would be useful.

It should be noted that in the present analysigesyatic changes in tropospheric ozone and
aerosols have not been included. Results obtamtticontext of the SULPHATE project
indicate that these tropospheric changes do prghletdtlhave a considerable influence on the
changes in yearly UV-doses calculated for the pastdecades. For longer time-scales the
influences might be relevant (Guicherit et al 2000)

A comparison between UV-doses derived from TOMS @QIME ozone data shows
differences in yearly doses between 0-8% over thhef&an continent. This indicates that
one could expect stepwise changes in a trend asaly®n combining data from different
sources in a single UV-trend analysis.



page 38 of 54




page 39 of 54

4. The application of UV- and UV-risk maps in
environmental assessments

4.1 Introduction

UV-maps can be an important tool to study the gaglgical variability of changes in the
yearly UV-doses in relation to environmental chan@ad thus can support environmental
assessments. Connected to dose-assessment medd-thaps can be used to estimate
UV-radiation risks. This chapter shows some examplé$V-radiation and risk maps, which
are relevant for environmental assessments. Thgsasiéd focused on maps that show the
effects of changes in ozone and do not includetiamges due to clouds and other
atmospheric parameters. In view of the importandlifyong role of clouds this is a limitation
when it comes to fully assessing the changes itvthelimate, but it does enable the
separated analysis of different factors influendimgUV. For environmental assessments
this separation is relevant. Clouds introduce gdaear to year variability in ground level
UV and thus can obscure the observation of theltrelne to ozone depletion. An analysis of
trends due to changes in clouds would, in viewheflarge year to year variability, require an
analysis over at least thirty years. From the pmatipe of skin cancer risk assessments the
increases over longer time periods are importadtrent So much the year to year variability.
The next sections will give some examples of UV-mapd UV-risk maps related to ozone
changes.

4.2 Changes in UV-doses

Figure 4.1 provides an analysis of UV-changes lation to ozone changes over the
European continent since 1980. To avoid a largetgegear variability the 1980 UV-doses
are obtained by averaging UV-doses over the ye2#9-1981. The 1991 UV-radiation levels
are also calculated as an average over three (&398-1992). The 1997980 and
199871980 maps show the differences between the ydaraited (1997 and 1998) and the
average over three years for 1980. The #3980 map shows the average over 1997 and
1998. The maps show the relative percent incredselated for each location using:

UVrel = 100x(UV(199x) — UV(1980)) / UV(1980)

The results indicate that the largest relative cbkang UV due to ozone changes are seen in
North western Europe. Around 1991 the increase wasmally around 7%, in 1997 the
increases were maximally around 11%, but a reméglddop was observed in 1998 where
the relative increase compared to 1980 was maxmaatiund 4%. Averaged over the two
years 1997 and 1998 the increases observed compat880 are roughly similar to the
changes over the period 1991/1980: maximally arai#d

4.3 Changes in skin cancer risks

Figure 4.2 shows the excess skin cancer casesiliienmper year if the UV-increases
observed were maintained for a lifetime. Compacetth¢ relative changes in UV the excess
risk maps show higher excess risks in the morengontregions of Europe. The calculations
are based on the sensitivity and behaviour of theelDpopulation. Maximum increases are
around 200 excess cases per million per yearelb#one layer starts to recover in the next
decades the risks might be somewhat lower thawcateli in this analysis.
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Figure 4.1A Relative change in yearly effective U\dose (SCUPh): 1991-1980 (top), 1997-1980 (bottom)
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Relative change yearly UV dose 1998'/1980
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Excess skin cancer risks based on 1991/1980 UV change
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4.4 Application of results

4.4.1 Excess UV-maps and UV-risk maps in environmeéa assessment
studies

The UV- and UV-risk maps, obtained using the methimlaeeloped in the CUBEO-project,

have been included in a number of key publicatmmgtegrated environmental assessments

from the European Environmental Agency (EEA) and thioNal Institute of Public Health

and the Environment (RIVM). These key publicationmsatly relate to the core tasks of the

EEA and RIVM. The contributions to these integrateskasment reports show the increases

in yearly UV-doses over the European continentedléd decreases in ozone and/or the

possible increases in skin cancer incidence agdsdowth these changes. The results support

the conclusions that it is very important to fudligd globally comply with the

countermeasures as described in UNEP’s stricteshdments of the Montreal protocol on

Substances that Deplete the Ozone Layer, which agneeed upon in the context of the

Vienna Convention to protect the ozone layer.

We will briefly summarise the role of RIVM and EEAdthe position of the core

assessments, and give an overview of these itéegcare assessments which include results

obtained in the CUBEO-project.

The core responsibilities of RIVM are specifiedhie RIVM Act of 21 October 1996 and

include:

* To carry out supportive research for governmenthtydevelopment and supervision of
public health, nature, and the environment.

» To report periodically about the state of, and akléor public health, nature, and the
environment.

A statutory regulation in the Environmental ProtestAct makes RIVM the environmental
planning agency for the Dutch ministry of HousiRfpysical Planning and the Environment
(VROM). In this capacity RIVM compiles an annual Elommental Balance (Sheet), which
describes to what extent changes in environmentaity development correlate to the
environmental policy pursued, and an Environment#lddk issued every four years,
describing the environmental quality outlook iratedn to policy goals for a period of at least
the next ten years. The Environmental Outlook seagescientific basic document for the
National Environmental Program.

In addition to these national tasks RIVM servea dfiematic Centre Air Quality, as part of
the European Environmental Agency (EEA). The aim ofEhmpean Environment Agency
is to establish a seamless environmental informagystem. This is done to assist the
Community in its attempts to improve the environtreamd move towards sustainability,
including the EU’s efforts to integrate environmemispects into economic policies.

UV- and or UV-risk maps obtained with methods depel in the context of the CUBEO
project were reported in several environmentalssaent reports, and a selection is
available on the world wide web:

http://themes.eea.eu.int/toc.php/issues/ozone (EEA-si
http://www.rivm.nl/milieucompendium (RIVM-site; iDutch): C (milieudruk), subject C3.6
Increase in UV-radiation above Europe, and subjesffécts E2.10: Additional skin cancer
Risk caused by increased UV-radiation.
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The following integrated assessment reports usesthéts from RIVMs UV-(risk-)mapping:

* Environment in the European Union at the turn ofadetury, Environmental Assessment
report no 2; European Environmental Agency, Luxem@p@8BN-92-9157-202-0, 1999

» Data Issues of Global Environmental Reporting: elgpees from GEO-2000, Jaap van
Woerden (ed),UNEP/DEIA&EW/TR.99-3, RIVM 402001013, I$B2-807-1823-1,
1999.

* Europe’s Environment: the second assessment, Eur@&earonmental Agency, Oxford,
ISBN 92-828-3351-8, 1998

* MB99, Dutch national environmental assessment si999
Milieubalans 1999, Het Nederlandse milieu verkla#®&BN 90 140 62273, RIVM,
Bilthoven 1999

* MC99, Dutch national overview of environmental £&£099
Milieucompendium 1999, Het milieu in cijfers, ISBN 14062 29 X, RIVM, Bilthoven
1999

* MB98, Dutch national environmental assessment sti9&3
Milieubalans 1998, Het Nederlandse milieu verkla#®&BN 90 422 02262, RIVM,
Bilthoven 1998

4.4.2 Scientific reports and publications

Further papers and reports with contribution fromprmaking activities in the
MAUVE/CUBEO period:

Matthijsen, J., Slaper, H. and Velders, G. J.M98LA method to map UV climatology using
earth observation. European Conference on Atmospb&fiRadiation, 29 June — 2 July
1998 Helsinki, Finland. Abstract, oral presentation

Matthijsen, J., Slaper, H., Reinen, H.A.J.M., areldérs, G. J.M., 2000. Reduction of solar
UV by clouds: A comparison between satellite-dediefects and ground-based radiation
measurements. J. Geophys. Res., 105, 5069-5080, 200

Matthijsen J., P.N. den Outer, H. Slaper, 1999.Ug&dn of Solar UV by Clouds: A Remote
Sensing Approach Compared with Ground Based Meamnts, EGS XXIV General
Assembly April '99, The Hague, The Netherlands, abs@ind oral presentation.

Matthijsen J., P.N. den Outer, H. Slaper, G. Vedd€99c. Reduction of Solar UV by
Clouds: A Remote Sensing Approach using TOMS refliegtversus ISCCP-D1 cloud
data, IRCTR symposium; remote sensing of cloud parars: retrieval and validation,
October 1999 Delft, The Netherlands. Abstract arad presentation

Peeters, P., P. Simon, G. Hansen, R. Meerkoetteerdebout, G. Seckmeyer, P. Taalas, H.
Slaper, 1999. MAUVE: a European initiative for deyefg and improving satellite
derived UV maps, NRPB International Workshop on tddiation, exposure,
measurements and protection, October 1999 Oxfad, U

Slaper, H., Velders, G. J.M., and Matthijsen, 998 Ozone depletion and skin cancer
incidence: a source risk approach. J. Hazardous Bt 77-84.

Termorshuizen, F., J.Garssen, J.J. Maas, W.G. GbetftsMatthijsen, H.Houweling, H. van
Loveren, 1999. UVB and infectious diseases: expmpagsessment by means of a
retrospective questionnaire for an epidemiologstatly: presentation of first results,
RIVM-report nr. 640300 001, Bilthoven.

Weele, M. van, T. J. Martin, M. Blumthaler, C. Bragm P. N. den Outer, O. Engelsen , J.
Lenoble, G. Pfister , A. Ruggaber, B. WalravensMeihs, H. Dieter, B.G. Gardiner, D.
Gillotay, A. Kylling, B. Mayer, G. Seckmeyer, W. \WWlaen, 2000. From model
intercomparison towards benchmark UV spectra foreal atmospheric cases, J.Geophys.
Res., 105, 4915-4925, (2000).
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5. Conclusion

The construction of UV-(risk-) maps can be a valadbbl in assessing changes in the UV-
climate in relation to environmental changes. Thgopmaarameters that influence the
effective UV at ground level are: solar zenith &pgbtal ozone column (and ozone profile),
cloud optical properties, altitude, atmospheri@mael concentrations (and aerosol optical
properties), and ground albedo. The relative impaeaof these factors varies with season
and from place to place. An accurate detailed detetion of these parameters with
sufficient temporal and spatial resolution is oftert possible, and thus the validation of UV-
radiation maps is a challenging task. This reparcambination with additional information
gained in the MAUVE project, provides only firstgsein the validation and error budget
determination of UV-radiation maps. The results manbe regarded as fully conclusive, but
provide a first indication of the uncertaintiesahxed. The identification of the main
uncertainties has led and will lead to further ioy@ments of the UV-mapping methods.

We focused in this report on the validation of noelhthat are used in environmental
assessments. These methods are designed to an&yrselidtion levels over prolonged time
periods, and thus less focused on high accuraeylocal scale at a high temporal resolution.
The latter determinations require input with higteenporal and spatial resolution, whereas
for environmental assessments time and spatiaadgesrare sufficient, and the focus is on
proper identification of changes over a time- pegid many years. This implies that
availability of the data sets used in the derivatbthe UV-maps over longer time periods is
very important. The fact that a time span of yeaeds to be covered implies that the
calculations must be sufficiently fast, becausediermination of yearly effective UV-
radiation levels over the full European continegfuiees time and wavelength integrated
calculations for each grid cell.

Yearly UV-doses at four locations in Europe randgnagn 47 N to 61 N compared within
10% with the calculated UV-doses using the TOMS eziata and TOMS reflection
measurements. Given the fact that two ground baséadiments were not corrected for
cosine errors it is likely that the agreement ithimi 6% for these four sites. For the northerly
station Tromsoe, at 69 N, the yearly total is noh@urate due to the omission of snow
albedo in the present approach. It was found thahd periods of snow cover the UV-dose
could be underestimated by 40-50%. Similar dewatialue to snow albedo, were observed
during the MAUVE campaign in Garmisch-PartenkirciheiMarch 1999. However, the
yearly UV-doses for Garmisch-Partenkirchen andalakn (Finland) were not
underestimated, despite the errors due to snow covkee winter period.

The reduction of UV by clouds was analysed in adafgtistical study comparing ground
based reduction with reductions based on threeréifit methods using satellite observations.
The method using TOMS reflectivity measurements wasad to be in close agreement with
the ground based analysis. For six years of sundaterthe agreement was on average within
2% and the relative standard deviations for mordivigrages is 3%. These results indicate
that the satellite derived cloud correction prosgigeod average agreement with ground
based cloud corrections and representative refsultie grid cell if the ground albedo is low.
Changes over time are important from the perspedienvironmental assessments. The
direct comparison of changes derived from modellisgg ground based input data with an
analysis using the satellite data shows good ageeeniihe 1997 UV-dose in Bilthoven was
calculated to be 18% higher than the 1984 UV-daseguhe ground based analysis and 21%
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higher using the satellite based analysis. Hathisf change is due to the change in ozone and
the other half due to the variation in clouds. THegéres should be seen as an example to
indicate the accuracy of the calculated changesiahds a trend assessment.

Further improvements of the methodology should $omu an improved incorporation of
ground albedo in the analysis, and the inclusioadafitional atmospheric parameters in the
dynamical modelling (like aerosols and troposphericne). The BCRS supported project
SULPHATE has studied the methods that can be usedltale tropospheric changes in the
UV-mapping methodology. This improvement of the rnoeiblogy will be included in the
RUBEO-project, which follows the CUBEO project.

Further statistical comparison of UV-mapping methadath ground based measurements and
other mapping techniques can lead to improvemetiteotlV-mapping methods and to a
better understanding of the uncertainties invoivedV-mapmaking. The UV-database that
is presently being developed in the context offiftle framework EU-project EDUCE
(European Database for Ultraviolet radiation Clink@gy and Evaluation) offers a unique
opportunity for further validation and improvemerithe UV-mapping methods. The
combination of the ground based UV-measuremerdadiatited number of sites with the
geographically explicit UV-mapping obtained fromedlite observations supports the
determination of the (European) UV-climatology.

Long term environmental assessments require aecdadi, obtained with sufficiently stable
instrumentation. The comparison between UV-mapsdaseésOME and TOMS total ozone
data shows that changing from one instrument tohenas not-trivial. In that respect it is
important to further study the comparability aneé o$ various satellite sources from the
perspective of future trend assessments.

UV-maps have been used in European and nationaloemvéental assessment studies to
analyse the change in the UV-doses in relatiorztme depletion. The combination with
dose-effect models for skin cancer incidence esahle evaluation of UV-related skin cancer
risks in relation to environmental change. Changesdoud effects were thus far not included
in assessment studies. The results obtained istilndly indicate that including cloud effects
is feasible in future assessment studies. A lirtk wrognostic models for environmental
change might further enhance the use of UV-magsmuronmental policy evaluations.
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APPENDIX A: relation with MAUVE-work packages

Main contribution of RIVM to the MAUVE project:

1. A streamlined version of the UV MAP-producing pragr has been developed. The
program provides for automatically logging of paedens sets and programs version.

2. Building of ISCCP-D1 and ISCCP-D2 cloud data s&iyd cover and cloud optical
thickness) for the period 1986 to 1994 has beerpteted. Further TOMS and GOME
column ozone data sets have been set up and areumrsly updated.

3. Delivered 1 full year of monitoring spectral davethe MAUVE-database

4. Participated in the joint CUVRA-MAUVE validation caoraign March 8 to 28 1999.

5. Analysed and distributed the results of spectrtd ftar all 8 participating spectral
instruments during the joint CUVRA- MAUVE campaign

6. Delivered UV-maps for the MAUVE leaflet, and Web—pag

7. Delivered model calculations for the CUVRA-MAUVE cpaign, CIE-UV-maps
monthly averaged daily dose for April 1984 and ApE94 clear sky and cloud, local
noon dose rates for April 15, 16 and 17 1997 anccMa8, 19 and 20.

8. Delivered model calculations, spectral and wavdlengegrated dose rates and daily
sums, required for the MAUVE validation Strategy.

9. Validation of cloud reduction method has been ex¢ein J. Matthijsen et.al. Paper
accepted for publication in J. Geophys. Res.

10.UV-maps have been used in national annual reparte@UV climate and trends

Description of RIVM contributions with respect teetWork Program

WP 1000: Capture of requirements

Is addressed in section 1.1 and 1.2.

RIVM has contributed to the Statement of User Rexuents by specification of UV-maps
from the perspective of environmental assessments.

WP 1123: Building of initial data: TOMS/ISCCP maps

Is addressed in section 2.3 and 2.5.

Building of ISCCP-D1 and ISCCP-D2 cloud data s&iyd cover and cloud optical
thickness) for the period 1986 to 1994 has beerpteted. Further TOMS and
GOME column ozone data sets have been set up.

WP 1125: Building of initial data: TOMS/ISCCP maps
Is addressed in section 3.3

WP 1200: Requirements of the pilot products
Is addressed in section 1.1 and 1.2.

WP 2112: Improvements of products: Broken cloud fitl

Is addressed in section 2.4.

In the existing UV mapping method a cloud paran&ation was employed using satellite
data of cloud cover only. Based on literature sisidind radiative transfer model studies we
found that the parameterisation could be much ingutdoy accounting also for the optical
thickness of clouds. The cloud optical thicknes$iks, cloud cover, a property which can be
derived from satellite measurements. Cloud covdrcioud optical thickness applied in the
improved parameterisation are obtained from theriational Satellite Cloud Climatology
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Project (ISCCP) D1/D2 satellite data sets. The Dl [22 sets consist of the most recent
updates of atmospheric observation from an ensedildatellites mapped to a 3-hourly
global 280 km equal-area grid. The characteristichencloud cover and cloud optical
thickness in the ISCCP D1/D2 satellite data setsbeafound in the elaborate documentation
by Rossow et al. [1996].

The UV-mapping method developed at RIVM is furtireproved especially with respect to
the cloud parameterisation. The methodology is aiatddng-term assessments, focusing on
trends in the UV-budgets and will in the futuredemnected to the UV-chain model, which
enables prognostic risk evaluations. We have dootedea new and updated version of our
UV mapping method, which serves as a basis foréutievelopments. Furthermore, we have
extended the UV mapping method to include usadgevel 4 ozone data of the global ozone
monitoring experiment (GOME, platform: ERS-2 sate)liih addition to the existing usage

of ozone data from the total ozone monitoring seaceter (TOMS, platforms: Nimbus-7,
Meteor-3 and Earth Probe). The implementation ohtleéhod now also allows the use of
TOMS reflectivity measurements for cloud parameatias.

WP 3130: Produce pilot products: Produce TOMS/ISCCRnaps

Is addressed in section 4.2 (UV-maps) and 4.3 Wkmaps).

The first UV maps have been constructed based on T@kEcolumn ozone data
from the Nimbus-7 and Earth-probe satellites. Redadurface UV changes over the
period 1980-1991 and over the period 1980-1997 baea calculated using the
satellite data for ozone in combination with a Ugrsfer model. The increases are
largest in NW-Europe: around 8% (1980-1991) andradtdi2% (1980-1997). Results
for 1998 show much smaller enhancements 3-4% mdlyintia addition to the UV-
change maps UV-risk maps have been produced aredused in assessment studies.
Section 4.4 provides a summary of assessmentstsegat publications in which the
UV-mapping methodology was used and validated.

WP 3160: Produce pilot products: Validation campaig

Measurement campaign (WP3160)

RIVM has participated in the joint MAUVE-CUVRA 3 wé&s validation campaign, March
1999, with a mobile spectrometer, broad band UVgladal radiation detectors. RIVM
analysed and distributed the spectral readingalf@ participating spectral instruments
during the campaign. Good agreement was found leetwvee readings of RIVM and IFU,
University of Innsbruck (at 3-5% irradiance cadition). RIVM performed an on line data-
analysis during the campaign, thus the campaigeftied from the use of the SHICrivm
package which was developed in the context of thepElject SUVDAMA. Details on the
validation campaign are found in the IFU contribati

Model calculations

Addressed in section 3.6 and 3.4

RIVM performed model calculations for all days imrmh 1999 embedding the measurement
campaign period. Dose rates at local noon asaseallaily integrated doses were calculated.
The standard RIVM settings for atmosphere and grquoperties were used. A clear
underestimation of the UV dose was obtained in @spn to measurements and other
models. Results for RIVM are indicated in section 3

In the year round analysis of UV-doses the usd@ftéflection measurements provided good
agreement with the measured values for four lonatianging from 47N up to 62 N (1-

10%, probably at 1-6%; section 3.4).
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WP 3220: MAP inter-comparison

Is addressed in sections 3.4 and 3.5.

RIVM has contributed in the map inter-comparisorpbyducing monthly averaged daily UV
dose maps for the full years 1984 and 1997 (se&ién The difference in yearly effective
UV-doses between 1984 and 1997 matched well wiftoand based analysis for Bilthoven.
Preliminar%/ results have been delivered and congparth IASB for dose rates at local nhoon
in April 15" 16" and 17" 1997 and dose rates in MarcH"18" and 28" 1999.

In the year round analysis of UV-doses the usbé®fsatellite reflection measurements
provided good agreement with the ground based medsalues for four locations ranging
from 47 N up to 62 N (1-10%, probably at 1-6%; section 3.4).

WP 3230 Analysis of pilot products (section 3.5)

A large scale statistical analysis has been peddroomparing three methods for the
calculation of cloud effects on UV using sateltii@a with a ground based analysis. The
results were obtained for six years of summer dathrevealed very good agreement
between the TOMS-reflection approach and the grdaséd analysis.

WP 4000: Exploitation of results

Is addressed in section 4.1, 4.2 and 4.3,

RIVM has contributed to the MAUVE leaflet, and tidernet page.

Within the (inter)national tasks of RIVM contribatis have been made with UV-maps and
UV-risk maps to several national and internatiaymdne assessments and risk assessment
studies An overview is given in section 4.4.
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Appendix B: List of acronyms

AMK

AMOUR

BCRS

CUBEO

CUVRA
EDUCE

EEA
ESA
EU
FMI
GDF

GOME
IASB
ISCCP
KNMI
KMI
MAUVE
NASA
NDF

RB

RIVM

RUBEO

SDF

SULPHATE

SUVDAMA

SZA
TDF

-Assimilation Model KNMI, calculates daily ozewalues from GOME
measurements

-Assessment MOdel for Uv Radiation and Rigkse-operational) model
under development in the context of CUBEO and RUBIEgjepts from
BCRS.

-BeleidsCommissie voor Remote Sensing, thaéMieinds Remote Sensing
Board

-Climatology of Ultraviolet radiation Budgeising Earth Observation, project
at RIVM financially supported by the BCRS

-Characteristics of UV-radiation in the Algsurth framework EU-project
-European Database for Ultraviolet radiatiomm@tology and Evaluation; fifth
framework EU-project; follow up of the SUVDAMA praje

-European Environmental Agency

-European Space Agency

-European Union

-Finnish Meteorological Institute

- Ground Derived UV-reduction Factor for thelesation of cloud effects on
ground level UV, using an empirical relationshigéa on ground-based
pyranometer data (see section 3.3.2)

-Global Ozone Monitoring Experiment on boa®i¥Es ERS-2 satellite;
-Institut d’Aeronomie Spatiale de Belgique

-International Satellite Cloud Cover Project

-Koninklijk Nederlands Meteorologisch Instittiu

-Koninklijk Meteorologisch Instituut voor Bel@i

-Mapping UV by Europe, EU-project within thetufdh framework program
-National Aeronautics and Space Administration

-UV-reduction factor derived from satellite oked cloud cover data, which
are obtained from ISCCP; in the present analysisuBly average cloud cover
data are used ISSCP D1 data set (see section.2.4.2)

-Robertson Berger UV-biometer, instrument agpieRIVM to measure
erythemally weighted UV-irradiances

-Rijks Instituut voor Volksgezondheid en MilieNational Institute of Public
Health and the Environment

-Risks and Ultraviolet Budgets using Earth @Qlestéon, project at RIVM
financially supported by the BCRS

-Satellite Derived UV-reduction factor for teealuation of cloud effects on
ground level UV, using 3 hourly cloud cover data atoud optical thickness
data from ISCCP (D1 data set)(see section 2.4.3).

-Surface Ultraviolet Levels; Prediction ddigtory from Atmospheric Trends
over Europe

-Scientific UV DAta Management, EU-projectitiin the fourth framework
program; spectral UV-measurements are used froreihepean UV-database
designed within this project

-Solar Zenith Angle

-TOMS derived UV-reduction factor for the evaloatof cloud effects on
ground level UV, using daily reflectivity measuremsfrom the TOMS
satellite instrument (see section 2.4.4)
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TOMS

UNEP

uv

UV-A
uv-B
uv-C
UVTRANS
VROM

WMO
WRDC

-Total Ozone Monitoring System, on board of NIMtB7, METEOR and
Earth Probe satellites; source for total ozone nreasents

-United Nations Environmental Programme

-Ultraviolet radiation (wavelength range 100-40)

-Ultraviolet radiation in the wavelength rang&5-400 nm

-Ultraviolet radiation in the wavelength rang&0-315 nm

-Ultraviolet radiation in the wavelength ranf@0-280 nm

-Two stream atmospheric UV-transfer modeleleped at RIVM
-ministerie van Volkshuisvesting Ruimtelijked&ning en Milieu; Dutch
Ministry of Housing, Physical Planning an the Enwmimtent

-World Meteorological Organisation

-World Radiation Data Center, data center fuoinich the global radiation
measurements were obtained



