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1. Introduction

1.1 Purpose and scope

The Data User Programme (DUP) is an optional programme of ESA which aims at supporting Industry, Research Laboratories, User Communities as well as European and National Decision Makers to bridge the gap that exists between research at the level of pilot projects and the operational and sustainable provision of Earth Observation products at information level.

TEMIS is a project (started September 2001) in response to an Invitation To Tender from ESA in the context of ESA's Data User Programme. The aim of the project is the delivery of tropospheric trace gas concentrations, and aerosol and UV products, derived from observations of the nadir-viewing satellite instruments GOME and SCIAMACHY.

This document contains the validation approach and results of the products for TEMIS. The current version is part of the final deliverables of the implementation phase of TEMIS.

The data products, images and reading routines can be found on the web-site www.temis.nl. A description of the products and their retrieval is presented in the Service Report.

1.2 Document overview

The UV Radiation Monitoring service of TEMIS will provide UV index and UV dose products, in the form of data files and images, derived from total ozone column data as measured by GOME and SCIAMACHY, employing different action spectra that describe the response of the human skin to UV. The images and data files are available via the TEMIS website at http://www.temis.nl/uvradiation/.

The following chapters deal with the validation approach and results of the UV index (Chapter 3) and the UV dose (Chapter 3). The Service, the method and some validation results will also be described by Van Geffen et al. (2003).

1.3 Definitions, acronyms and abbreviations

	ASCAR
	Algorithm Survey and Critical Analysis Report

	COST
	Cooperation in Science and Technology of the European Commission

	DUP
	Data User Programme

	EDUCE
	European Database for UV Climatology and Evaluation

	ESA
	European Space Agency

	GOME
	Global Ozone Monitoring Instrument

	KNMI
	Royal Netherlands Meteorological Institute

	METEOSAT
	Meteorological Satellite

	SCIAMACHY
	SCanning Imaging Absorption spectroMeter for Atmospheric CartograpHY

	TEMIS
	Tropospheric Emission Monitoring Internet Service

	USD
	User Specification Document

	URD
	User Requirements Document

	UV
	Ultra Violet


1.4 Applicable Documents

	AD-1
	Data User Programme II period 1st call For Proposal ref:EEM-AEP/DUP/CFP2001

	AD-2
	User Specifcation Document, v1.4, TEM/USD/005, May 2002

	AD-3
	User Requirement Document, v2.0, TEM/URD/006, October 2002

	AD-4
	Algorithm Survey and Critical Analysis Report, v1.2, TEM/ASCAR/003, May 2002

	AD-5
	Service Report UV Radiation Monitoring, v1.1, TEM/SR1/001, November 2003


1.5 References

· M. Allaart, M. van Weele, P. Fortuin and H. Kelder: 2003, “UV-index as function of solar zenith angle and total ozone,” Meteorological Applications, in press.
· J. Bodesa and M. Van Weele: 2002, Effects of aerosols on UV-index, Scientific Report WR-2002-07, KNMI, De Bilt, The Netherlands.
· H.J. Eskes, P.F.J. Van Velthoven, P.J.M. Valks and H.M. Kelder: 2003, “Assimilation of GOME total ozone satellite measurements in a three-dimensional tracer transport model,” Quart. J. R. Meteorol. Soc. Vol. 129, 1663-1681.

· J.H.G.M. Van Geffen, M. Van Weele, R.J. Van der A and M. Allaart: 2003, “Global UV index and UV dose fields derived from satellite observations of total ozone columns,” in preparation.
· UV-Index for the Public -- A guide for publication and interpretation of solar UV Index forecasts for the public prepared by the Working Group 4 of the COST-713 Action 'UVB Forecasting' ©European Communities, 2000,  ISBN 92 828 81542 3

2. UV index

As described in the Service Report [AD-5], the UV index is computed from a parametrisation of the UV index as function of the total ozone column and the solar zenith angle. Such a parametrisation is made for the different action spectra in use for the UV Radiation Monitoring service: erythemal and DNA-damage. Hence two types of UV doses are available: the erythemal UV dose and the DNA-damage UV dose.

Within TEMIS the parametrisation is used to compute the UV index at local solar noon on the basis of the total ozone column at local solar noon, derived from the well-validated data assimilation algorithm described by Eskes et al. (2003), and the solar zenith angle at that time.
2.1 Erythemal UV index

Groundbased measurements of UV spectra and total ozone columns in De Bilt (Netherlands) and Paramaribo (Suriname) have been used to determine a parametrisation of the erythemal UV index as function of the total ozone column and the solar zenith angle. A description of this parametrisation is given by Allaart et al. (2003), who also discuss the validation of this parametrisation, which was performed with ground measurements in De Bilt and Paramaribo not used for deriving the parametrisation. 

Furthermore, when validating the erythemal UV dose (see below), the erythemal UV index parametrisation is validated implicity. A more detailed validation of the UV index itself is therefore not necessary at this point.

2.2 DNA-damage UV index

The DNA-damage UV index is determined from a parametrisation of the DNA-damage UV index as function of the total ozone column and the solar zenith angle (Van Geffen et al., 2003). The basis of this parametrisation is exactly the same as used for the erythemal UV index, and therefore the validation of the erythemal UV index – mentioned in Section 3.1 – applies also to the DNA-damage UV index.

3. UV dose

As described in the Service Report [AD-5], the UV dose is computed by integrating the UV index over the day, between sunrise and sunset, taking cloud cover information into account. The UV index itself is computed from a parametrisation of the UV index as function of the total ozone column at local noon and the solar zenith angle, which in this case is time-dependent. The total ozone column is derived from the well-validated data assimilation algorithm described by Eskes et al. (2003). A parametrisation is made for the different action spectra in use for the UV Radiation Monitoring service: erythemal and DNA-damage. Hence two types of UV doses are available: the erythemal UV dose and the DNA-damage UV dose.

3.1 Cloud cover correction factor

In the computation of the UV dose, an integral over the day, the attenuation of the UV radiation by clouds is taken into account. Within TEMIS the daily erythemal UV dose and the daily DNA-damage UV dose are computed for Europe for the previous day by using the 1-hourly cloud cover fraction data available from METEOSAT (for each moment of the integration the nearest METEOSAT data point is used). For global UV dose fields it is necessary to resort to the ISCCP cloud database of 3-hourly monthly averaged cloud cover data, providing monthly average erythemal and DNA-damage UV dose data.

The attenuation factor due to cloud cover has been validated by comparing METEOSAT cloud cover data with measurements in De Bilt. Figure 1 shows the attenuation factor as function of the cloud cover fraction (ccf) in De Bilt as a solid line with error bars. These error bars indicate the root-mean-square error devided by the number of data points. Two special cases can be distinguished:

· ccf = 0: completely cloud-free (clear-sky), with no attenuation of the UV radiation

· ccf = 1: completely clouded (overcast), with an attenuation of 50% of the UV radiation

Except for these two special cases, the attenuation factor can be described quite well by a linear function:

attenuation_factor =  –0.2555*ccf + 0.9651

A higher order degree fit through the data does not give a significantly better description of the cloud cover correction, hence this linear fit is sufficient for use in the TEMIS algorithm.

The COST-713 Action programme of the European Commission (2000) has established a Cloud Modification Factor. This factor is a function of the cloud cover in octas and given for clouds at low altitude, medium altitude and high altitude, at listed in Table 1. Figure 2 shows the same data as Figure 1, together with the COST-713 attenuation factor.

	Octas
	0-2
	3-4
	5-6
	7-8

	High clouds
	1.0
	1.0
	1.0
	1.0

	Middle clouds
	1.0
	1.0
	0.8
	0.5

	Low clouds
	1.0
	0.8
	0.5
	0.2


Table 1 – Cloud Midification Factor according to COST-713.

[image: image1.png]09

08

07

06

05

04

UV radiation attenuation factor due to cloud cover

Brewer measurements in De Bilt; error bars: RMS/sqrt(N)

- I‘Inear fl} lhrough 0< o‘cf <1

00

01

02

03

04 05 06
cloud cover fraction (ccf)

07

038

09

1.0





Figure 1 – UV attenuation factor due to cloud cover in De Bilt in 2002, as a function of the cloud cover fraction. The dotted line is a fit through all data excluding ccf=0.0 and ccf=1.0.
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Figure 2 – UV attenuation factor due to cloud cover in De Bilt in 2002, as a function of the cloud cover fraction, as Figure 1. The dashed lines with the filled circles represent the attenuation factor as defined in the COST-713 Action programme.

From Figure 2 it is clear that the attenuation factor as defined by COST-713 is rather coarse, even though it does make a distinction between low, middle and high clouds. Though there is some information on the altitude and the type of the clouds in the METEOSAT data, making the distinction between low, middle and high clouds is not straightforward. For the time being the METEOSAT data only provide the cloud cover fraction. This cloud cover fraction is available in multiples of 1/42. All in all it seems that the METEOSAT cloud cover data in combination with the above given linear functionality provides a better description of the attenuation of the UV radiation due to clouds than the COST-713 agreed table. For that reason the TEMIS algorithm for the UV dose employes the above given linear relation, in combination with the two special cases of clear-sky and overcast.

3.2 Erythemal UV dose

The daily erythemal UV dose for Europe can be validated best against the groundbased measurement data stored in the EDUCE database. This database, set up under the EDUCE project, contains UV spectra measured at a large number of European ground stations. Spectra can be retrieved from the database via the website http://www.muk.uni-hannover.de/EDUCE/ At this website the BASINT tool offers the possibility to convert spectra directly into an erythemal UV dose rate, given in J/m2s. The TEMIS algorithm performs the integration by computing the UV dose in 10-minute intervals and summing these to find the daily dose. To facilitate the comparison, the dose rate given by the BASINT tool in integrated over 10 minutes for each given measurement.

Figures 3-5 show a comparison between the 10-minute erythemal UV dose (in kJ/m2) as derived from the BASINT tool and the TEMIS results for three typical cases in 2002, on days which were completely cloud-free between at least 08h and 14h UTC according to the METEOSAT data. Also shown is the UV dose assuming full cloud cover (“overcast”).  Figure 6 shows an example of  an almost fully clouded situation (in which case also the “clear-sky” UV dose is plotted). Table 2 presents the UV dose integrated over the whole day. The first three cases show the range of the expected difference between groundbased measurements and the TEMIS product. The fourth example shows that the presence of clouds makes a validation difficult.

	groundstation
	date
	Meteosat
	BASINT
	Clear-sky
	Overcast
	Figure

	Lampedusa
	14 July 2002
	4.86 kJ/m2
	4.83 kJ/m2
	4.86 kJ/m2
	2.43 kJ/m2
	3

	Lampedusa
	28 May 2002
	4.84
	5.31
	4.85
	2.42
	4

	Thessaloniki
	28 June 2002
	5.32
	4.82
	5.38
	2.69
	5

	Thessaloniki
	06 June 2002
	2.81
	3.55
	5.21
	2.61
	6


Table 2 – Daily erythemal UV dose in kJ/m2 for the examples given in Figures 3-6, as follows from the TEMIS algorithm (which uses METEOSAT cloud cover data), from the BASINT tool of the EDUCE database, from assuming that the day was completely cloud-free, and from assuming that the day was fully clouded. 
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Figure 3 – Erythemal UV dose integrated over 10-minute intervals as function of time for the ground station at Lampedusa on 14 July 2002. The solid line is the UV dose as follows from the TEMIS algorithm, using METEOSAT cloud cover information, which showed that this day was (almost) entirely cloud-free. The filled squares show the results of the groundbased measurements as retrieved with the BASINT tool of the EDUCE database. The dashed line shows the UV dose as it would have been had the day been fully clouded.

[image: image4.png]Lampedusa -- 28 May 2002

10-minute erythemal UV dose (kJ/m2) —
16 T T T

0.14

0.12

Meteosat
overcast
BASINT

12
time (UTC)

16

24




Figure 4  - Same as Figure 3, but for Lampedusa on 28 May 2002.
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Figure 5 – Same as Figure 3, but for Thessaloniki on 28 June 2002.

For Lampedusa (Italy) on 14 July, the results are almost identical, as can be seen from Figure 3. On 28 May (Figure 4), however, there is a notable difference: the Lampedusa station gives distinctly higher UV doses than the estimate by the TEMIS method. An explanation for the difference is that 28 May was a very clear day, with less aerosols than the average at De Bilt and Paramaribo, which is currently accounted for in the parametrisation of the UV index.

For Thessaloniki on 28 June (Figure 5) the situation is reversed: the ground station gives distinctly lower UV dose values than the TEMIS method. This difference could be due to the enhanced presence of aerosols at Thessaloniki. Also the presence of small clouds at the moments of the measurement, which do not show up in the METEOSAT data, may cause a smaller UV dose derived from the groundbased measurements.

Figure 6 shows as an example of a cloudy day the erythemal UV dose for Thessaloniki on 6 June. The curve of the result of the TEMIS algorithm using METEOSAT cloud cover data (solid line) shows that during most of this day it was fully clouded. During the early hours of the day, the results of the groundbased measurement are well above the TEMIS results. The “ground pixel” of the TEMIS results is 0.5ºx0.5º: it covers a rather large area. The groundbased measurement, however, is a point measurement and so it is well possible that the instrument was looking through small openings in the clouds, which have little effect on the cloud cover reported by the METEOSAT data. Between 09h and 12h UTC this effect seems to be even stronger. During the afternoon, on the other hand, the match between the TEMIS results and the groundmeasurements is resonably good. Apart from clouds, the presence of aerosols may also play a role, in combination with the prevailing wind direction, but before 12h UTC the presence or absence of clouds must be the main cause of the difference between the two methods used in this example. 
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Figure 6 - Erythemal UV dose integrated over 10-minute intervals as function of time for the ground station at Thessaloniki on 6 June 2002. The solid line is the UV dose as follows from the TEMIS algorithm, using METEOSAT cloud cover information, which showed that this day was (almost) fully clouded. The filled squares show the results of the groundbased measurements as retrieved with the BASINT tool of the EDUCE database. The dotted line shows the UV dose as it would have been had the day been fully clouded. The dashed line shows the clear-sky UV dose, i.e. the maximum possible values for this day.

As mentioned in the Service Report [AD-5], the parametrisation used for the UV index implicitly contains the average aerosol load in De Bilt and Paramaribo, hence the it contains a "zero-order" aerosol correction; For situations in which there are clearly more aerosols or less aerosols, a proper aerosol correction is needed. Some work on this has been done by Bodesa and Van Weele (2002) and their method will be implemented at a later stage.

3.3 DNA-damage UV dose

As the DNA-damage UV dose is computed in exactly the same way as the erythemal UV dose, there is no need for a separate detailed validation of the DNA-damage UV dose. When independent DNA-damage UV dose data is available, a comparison will be made.

4. User Response

4.1 Feedback from RIVM

(based on project documentation of PROMOTE, where the same product is evaluated)

The UV Service is a familiar one to RIVM and they have been actively using a similar product for the past nine years in order to conduct environmental studies on UV-radiation studies and UV-risk assessments.  The use of the products of the UV Monitoring Service may be used differently in the future; however, the quality of the data provided by TEMIS/PROMOTE, as well as its validation strategy would play a role in deciding to do so.  RIVM has extensive experience in validating UV maps using ground-based analysis and could be involved in further data-evaluation activities.  The GOME-based TEMIS/PROMOTE evaluations show large deviations from high quality ground based UV-measurements under heavily clouded conditions for both sites tested. RIVMs mapping techniques do not show these deviations.

Until now, RIVM has used the UV Monitoring products for comparison with alternative methods from ground-based analysis. It is planned to make a systematic comparison with “in house” techniques and with high quality ground-based UV-monitoring data since RIVM has developed methods for optimally standardised and quality assured analysis of the UV-monitoring dose products (which has resulted from involvement in several EU-funded projects).  Once these comparisons are made, if the TEMIS/PROMOTE products are found suitable then the data will be used in a UV risk assessment model. For that purpose, for instance, the inclusion of a relevant skin cancer action spectrum as weighting function would be relevant.

Even before the systematic comparison is made, some changes to the UV monitoring service and products can already be suggested.  First, minor format changes can be indicated and RIVM will work with the service providers to do so.  Additional products for the service should include the inclusion of other action spectra, especially those relevant for skin cancer, in the analysis.  Additionally, it is felt that improvements in the methods for the maps should be made to give more reliable results. This would include using information on clouds and aerosols, and perhaps snow albedo.  Finally, it should be noted that RIVM is willing to assist in developing a data-validation strategy, which is required for the use in assessments.

Assessment of the products and services by L’Oreal

( from “L’Oréal and Solar Ultraviolet Radiation,François Christiaens, Proceedings of the ENVISAT &amp; ERS Symposium, 6-10 September 2004, Salzburg, ESA publication SP-572, 2004, in press ).

The results, the ease of use of the products, and the assistance quality have been qualitatively assessed.

4.1.1 Comparisons with other models

UV irradiances and doses can be calculated using numerous numerical models, most of them based on Radiative Transfer equations (33,37-41). The models have been intercompared (42-46), and their validation includes comparisons with ground measures (47-51).  The Diffey model is far too imprecise (± 40%).  The equations in the Green et al. model need corrections and therefore cannot be used.  The results published by Sabziparvar et al., though they are given with a spatial resolution of 5 by 5 degree, are of value.  Since for data from Lubin et al. the time periods are different and the spectral step is 5 nm, which is too wide to warrant accurate calculations when spectra are biologically weighted, the results cannot be directly assessed.  However, climatologies would worth being developed from them, calculating the mean over several years.  Results from the model made available by Engelsen may be accurate, but only local comparisons can be done.  The cloudiness parameter and the total ozone column have to be entered.  The ozone values are calculated from TOMS satellite instruments measures, which may not be as reliable as those calculated from GOME or SCIAMACHY measures.

One can note that any other data are available with a lower spatial resolution.  Therefore, comparisons could be made only for given locations; and most of the time these comparisons were uneasy to perform, due to different formats and/or numerous inputs to be entered manually.  Some other published data are of value, e.g. to set a maximum spectral irradiance at the ground level (52,53).  They can be used to assess a tiny part of the results from TEMIS.

In addition, TEMIS results were believed to be given after exhaustive quality controls, and cross-checks with other existing models were implicitly made by the KNMI.  At last, as UV radiation models are far from the core of the activity of L’Oréal research, very little time has been devoted to this task.  All the tests performed showed good agreement, but the differences between the results from TEMIS and those from other models have not been calculated.
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4.1.2 Ease of use

The ease of use of the delivered products and care of specifications has also been monitored.  The products are really easy-to-use and displayed with user-friendly formats.

4.1.3 Assistance quality

Some questions have been raised, outside a systematic assessment of the assistance quality. Yet, we have noticed that the answers were always obtained within a few days, and were very relevant and completely addressing the question with additional matter of thought when applicable.
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