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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 specifications of the UV radiation monitoring service of TEMIS. The current version is part of the final deliverables of the implementation phase of TEMIS.

1.2 Document overview

Section 1 contains the introduction and applicable documents. Section 2 presents the UV radiation monitoring service in general terms. Sections 3 and further describe the products in some more detail.

1.3 Definitions, acronyms and abbreviations

	ASCAR
	Algorithm Survey and Critical Analysis Report

	CIE
	Comission Internationale de l’Éclairage

(International Commission on Illumination)

	DUP
	Data User Programme

	ECMWF
	European Centre for Medium-Range Weather Forecasts

	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

	WHO
	World Health Organization

	WMO
	World Meteorological Organization


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


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.

· G. Bernhard and G. Seckmeyer: 1997, Measurements of spectral solar UV irradiance in tropical Australia”,  J. Geoph. Res. Vol 102, No. D7, 8719-8730.

· J. Bodesa and M. Van Weele: 2002, Effects of aerosols on UV-index, Scientific Report WR-2002-07, KNMI, De Bilt, The Netherlands.

· W.R. Burrows, M. Vallee, D.I. Wardle, J.B. Kerr, L.J. Wilson and D.W. Tarasick: 1994, “The Canadian operational procedure for forecasting total ozone and UV radiation,” Met. Apps.  Vol. 1, 247-265.

· 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.

· A. McKinley and B.L. Deffey: 1987, “A refenrece action spectrum for ultraviolet induced erythema ion human skin,” in Humen Exposure to Ultraviolet Radiaton: Riskes and Regulations, (W.F. Passchier and B.F.M. Bosnajakovic, eds.), 83-87, Elsevier, Amsterdam, The Netherlands.

· R.B. Setlow: 1974, “The wavelengths in sunlight effective in producing skin cancer: a theoretical analysis”,  Proc. Nat. Acad. Sci., USA, Vol. 71 , No. 9, 3363-3366.

· 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.

2. UV Radiation Monitoring service

Ultraviolet (UV) radiation from the Sun is largely absorbed by ozone in the Earths atmosphere, notably at the shortest wavelengths. A small part of the UV-B (280-320 nm) and most of the UV-A (320-400 nm) radiation, however, reaches the Earths surface. This radiation can be harmful to vegetation and human health, in particular UV-B. Sunburn, for example, is largely due to UV-B, though there is a significant contribution of UV-A to sunburn.

Thinning of the atmospheric ozone ( due to ozone depletion and changes in the meteorology in the stratosphere ( leads to elevated levels of UV-B at ground level and increases the risks of sunburn and of DNA damage in living organisms. A decrease in ozone of 1%, for example, will lead to an estimated increase of UV-B of about 2%.

It is therefore important that the UV radiation at ground level is monitored. For this purpose, 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. The images and data files are available via the TEMIS website at http://www.temis.nl/uvradiation/.

2.1 Erythemal UV index and UV dose

The erythemal UV index is derived from the erythemal irradiance, which is an integration of the UV irradiance at the ground between 280 and 400 nm, weighted by the CIE spectral action function. The CIE action spectrum is a model for the susceptibility of the caucasian skin to sunburn (erythema). It is proposed by McKinlay & Diffey (1987) and adopted as a standard by the Comission Internationale de l'Éclairage (International Commission on Illumination) of the WHO and WMO. The erythemal UV index is usually given for local solar noon, when the Sun is highest in the sky, and it is valid for clear-sky conditions. 

The erythemal UV index is generally simply referred to as UV index, but to distinguish it from similar quantities based on other action spectra, the adjective “erythemal” is added throughout the Service.

The erythemal UV dose is an integration of the erythemal UV index from sunrise to sunset, taking attenuation of the UV by clouds into account. The daily erythemal UV dose is therefore the total amount of UV radiation that may cause sunburn when absorbed by the human skin during the day.

TEMIS will deliver in a near-real time service the global erythemal UV index in a forecast for today and the next 4 days. Daily erythemal UV dose data will be provided for Europe for the previous day. Additionally, monthly averages and monthly climatologies of both quantities will be provided. The Service, the method and some validation results will be described by Van Geffen et al. (2003).
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Action spectra of the susceptibility of the human skin to erythema (sunburn) and of DNA damage due to UV radiation. The erythemal UV index is an integration between 280 and 400 nm of the UV irradiance at ground level, weighted with the erythemal action spectrum. The DNA-damage UV index is an integration between 256 and 370 nm of the UV irradiance at ground level, weighted with the DNA-damage action spectrum.

2.2 DNA-damage UV index and UV dose

An integration of the UV irradiance at the ground between 256 and 370 nm, weighted by the action function for DNA damage, leads to the DNA-damage UV index, usually given for local solar noon, when the Sun is highest in the sky, and it is valid for clear-sky conditions. The action spectrum was determined by Setlow (1974) and parametrised by Bernard and Seckmeyer (1997).

The DNA-damage UV dose is an integration of the DNA-damage UV index from sunrise to sunset, taking attenuation of the UV by clouds into account. The daily DNA-damage UV dose is therefore the total amount of UV radiation that may cause skin cancer when absorbed by the human skin during the day.

TEMIS will deliver in a near-real time service the global DNA-damage UV index in a forecast for today and the next 4 days. Daily DNA-damage UV dose data will be provided for Europe for the previous day. Additionally, monthly averages and monthly climatologies of both quantities will be provided. The Service, the method and some validation results will be described by Van Geffen et al. (2003).

2.3 General description of the method

Groundbased measurements of UV spectra and total ozone columns in De Bilt (Netherlands) and Paramaribo (Suriname) have been used to determine an improved parametrisation of the erythemal UV index as function of the total ozone column and the solar zenith angle (Allaart et al., 2003). The widely used parameterisation by Burrows et al. (1994) was found not to be globally applicable. A similar parametrisation has been made for the DNA-damage UV index (Van Geffen et al., 2003).

Total ozone columns based on measurements by GOME and SCIAMACHY are assimilated in a chemistry transport model (Eskes et al., 2003), driven by ECMWF forecast meteorological fields, to provide global maps of the ozone field at local solar noon. The parametrisations are applied to find both the erythemal and the DNA-damage UV index at local solar noon for clear-sky conditions. Since the total ozone column data are available in near-real time (i.e. within 3-6 hours after observation) and ECMWF meteorological fields are available in a forecast, it is possible to provide both clear-sky UV indices for a few days ahead. Additionaly, TEMIS provides monthly averages of the UV indices.

The UV index algorithm includes corrections for the surface elevation, for the ground albedo and for the varying distance between the Sun and the Earth. The parametrisation implicitly contains the average aerosol load in De Bilt and Paramaribo, hence the current method contains a "zero-order" aerosol correction; a better aerosol correction (as determined by Bodesa and Van Weele, 2002) will be implemented later.

Integrating the UV index between sunrise and sunset, and including a factor for the attenuation of the UV by clouds, results in the daily UV dose. For Europe the daily erythemal UV dose and the daily DNA-damage UV dose can be computed for the previous day by using 1-hourly cloud cover fraction data 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.

From the global and European fields of the erythemal UV index and the erythemal UV dose, the retrieved data for specific locations will be compared with groundbased measurements of these quantities, throughout the period for which data is available. The EDUCE database is of great importance for this validation, as it provides UV spectra measured on a variety of European locations. Individual measurements at specific times of the day will be compared, as well as daily total and monthly average values.

2.4 Data delivery to users

Data are computed by the above described algorithms at a latitude/longitude grid with cells measuring 0.5 by 0.5 degrees, which amounts to about 50 x 50 km at the equator. The data is written to a data file in HDF 4 format and subsequently used for making plots with e.g. IDL. Both the data files and the images are made available to users via the TEMIS website at http://www.temis.nl/uvradiation/.

The date and time of the data field is reported in the HDF file. The UV indices are given for local solar noon (the reported time is 12:00:00). The UV dose values are totals over a whole day (reported time is 00:00:00). For averages or maximum values over a certain period, the begin and the end date are reported. In general, to convert local solar time to UTC time, use: UTC_time = local_solar_time – longitude/15, where longitude is positive (negative) for East (West).

There are several tools around on the web for viewing and treating HDF files, notably at the NCSA HDF Home Page (http://hdf.ncsa.uiuc.edu/). Software for several operating systems (UNIX, Linux, Windows) for reading HDF data files is available at http://hdf.ncsa.uiuc.edu/obtain.html. 

HDF data files can also be read with IDL. At http://www.temis.nl/uvradiation/info/info_hdf.html#idl a sample routine is provided for reading the HDF files of the daily erythemal UV dose, and an example output is given. This sample routine can be adapted easily to read the other data product files with IDL.

3. Erythemal UV INDEx

3.1 Description and implementation

The erythemal UV index is the effective UV irradiance (1 unit equals 25 mW/m2) that may cause sunburn (erythema) reaching the Earth’s surface under clear-sky conditions at local solar noon.  

The local solar noon ozone fields are supplied with an error estimate of the analysed ozone fields. This error is converted into an error in the erythemal UV index. Possible errors in the other terms are not accounted for; these are expected to be smaller than the error due to an error in the ozone field. 

The erythemal UV index is computed at latitude/longitude grid with cells measuring 0.5 by 0.5 degrees, which amounts to about 50 x 50 km at the equator. The resulting erythemal UV index values are written to a data file in HDF 4 format and used for making plots. 

The TEMIS website provides a near-real time delivery of the erythemal clear-sky UV index in the form of images of the whole world and of Europe in particular, in a forecast for today and the coming 4 days. The data files themselves are not made available in order to prevent confusion: data and images are namely updated 3-4 times a day, when new ozone field information is available. This service is initially based on ozone data from GOME, later it is based on ozone data from SCIAMACHY.

The following data is made available in the form of images and HDF data files for the whole world:

· Daily data for today and a 4-day forecast – images only

· Monthly and 10-day averages

· Yearly averages and yearly maxima

· A monthly climatology

For UV index data based on GOME, the Service will cover the period August 1995 to May 2003.

For UV index data based on SCIAMCHY, the Service will cover the period March 2003 onwards.

3.2 Detailed product description

The erythemal UV index products are released through the TEMIS website in the form of images and HDF data files.

Product Specification Table : HDF – Meta data

	Attribute name
	Type
	Description

	Product
	string
	Product name [1]

	Version
	string
	Version number of the data field

	UV_field_date
	6*integer
	The date and UTC time of the data field [2]

	Date_format
	string
	Format of the UV_field_date 

	Authors
	string
	Name(s) of the person(s) responsible for the data

	Affiliation
	string
	Affiliation of the author 

	Email
	string
	E-mail address(es) of the author(s)

	Data_created_by
	string
	The algorithm(s) that produced the data, including version number(s)

	Ozone_data
	string
	Satellite instrument and processor version of ozone column data

	Number_of_longitudes
	integer
	Number of longitude values of the field [3]

	Longitude_range
	2*float
	First (West) and last (East) longitude of the field [3]

	Longitude_step
	float
	Step between the longitude values of the field [3]

	Number_of_latitudes
	integer
	Number of latitude values of the field [3]

	Latitude_range
	2*float
	First (South) and last (North) latitude of the field [3]

	Latitude_step
	float
	Step between the latitude valies of the field [3]

	Iuvfield
	string
	Brief description of the content of the data field

	Iuverror
	string
	Brief description of the error of the data field

	Units
	string
	The units of the fields 

	Note
	string
	Brief description how the arrays are stored in the file 

	Product_code
	string
	Product code, for internal use, to ease post-processing


Product Specification Table : HDF - SDS 

	Dataset name
	Data type
	Rank

	Iuvfield
	integer*2
	2

	Iuverror
	integer*2
	2


Notes:

1) The “product name” given in this field is “Erythemal UV index” for daily values, while for data products spanning more then one day it can be something like the following:

a) Erythemal UV index – monthly average

b) Erythemal UV index – 10-day average

c) Erythemal UV index – yearly average

d) Erythemal UV index – yearly maximum

e) Erythemal UV index – monthly climatology

2) For the daily erythemal UV index this field has one entry of the given name. For data products spanning more than one day, two attributes are given:

a) UV_field_date_1 = first date of the data period


b) UV_field_date_2 = last date of the data period

3) These values decribe the geolocation of the grid cells. For instance the longitudes are given by:

lon(i) = Longitude_range(1) + (i-1)* Longitude_step

where i runs from 1 to Number_of_longitudes.

3.3 Example product description

Below follows as an example the HDF data file header of the average of the daily erythemal UV index data over the year 2002.

	Attribute name
	Value

	Product
	Erythemal UV index – yearly average 

	Version
	1.1

	UV_field_date_1
	2002            1            1           12             0            0

	UV_field_date_2
	2002          12          31           12             0            0

	Date_format
	year, month, day, hour, minute, second (local solar time)

	Authors
	R.J. van der A & J.H.G.M. van Geffen

	Affiliation
	KNMI (Royal Netherlands Meteorological Institute)

	Email
	avander@knmi.nl & geffen@knmi.nl

	Data_created_by
	TM3-DAM (version 3.3) & temisuvi (version 1.1)

	Ozone_data
	GOME (GDP version 3.0)

	Number_of_longitudes
	720

	Longitude_range
	-179.7500        179.7500

	Longitude_step
	0.5000000

	Number_of_latitudes
	360

	Latitude_range
	-89.75000        89.75000

	Latitude_step
	0.5000000

	Iuvfield
	Yearly aveage of the daily erythemal UV index at local noon

	Iuverror
	Average of error in UV index due to error in ozone field

	Units
	1 UV index unit equals 25 mW/m2

	Note
	UV index = Iuvfield/100; Error = Iuverror/100 

	Product_code
	gie-ya


4. ERYTHEMAL UV DOSE

4.1 Description and implementation

The daily erythemal UV dose, usually given in kJ/m2, is the amount of UV that may cause sunburn (erythema) reaching the Earth's surface during a full day, taking attenuation of the UV by clouds into account.  

The local solar noon ozone fields are supplied with an error estimate of the analysed ozone fields. This error is converted into an error in the erythemal UV dose. Possible errors in the other terms are not accounted for; these are expected to be smaller than the error due to an error in the ozone field. 

The erythemal UV dose is computed at latitude/longitude grid with cells measuring 0.5 by 0.5 degrees, which amounts to about 50 x 50 km at the equator. The resulting erythemal UV dose values are written to a data file in HDF 4 format and used for making plots. 

The TEMIS website provides a quasi near-real time delivery of yesterdays erythemal UV dose in the form of data files and images of Europe, using 1-hourly METEOSAT cloud cover information. In order to find the erythemal UV dose for the whole world, the ISCCP montly average cloud data has to be used, so that for the whole world only monthly average erythemal UV doses can be computed. This service is initially based on ozone data from GOME, later it is based on ozone data from SCIAMACHY.

The following data is made available in the form of images and HDF data files for the whole world:

· Daily data for Europe

· Monthly averages for Europe and for the world

· Yearly averages and yearly maxima for Europe and for the world

· Monthly climatologies

For UV index data based on GOME, the Service will cover the period August 1995 to May 2003.

For UV index data based on SCIAMCHY, the Service will cover the period March 2003 onwards.

4.2 Detailed product description

The erythemal UV dose products are released through the TEMIS website in the form of images and HDF data files.

Product Specification Table : HDF - Meta data

	Attribute name
	Type
	Description

	Product
	string
	Product name [1]

	Version
	string
	Version number of the data field

	UV_field_date
	6*integer
	The date and UTC time of the data field [2]

	Date_format
	string
	Format of the UV_field_date 

	Cloud_info
	string
	Source of the cloud cover information [3]

	Authors
	string
	Name(s) of the person(s) responsible for the data

	Affiliation
	string
	Affiliation of the author 

	Email
	string
	E-mail address(es) of the author(s)

	Data_created_by
	string
	The algorithm(s) that produced the data, including version number(s)

	Ozone_data
	string
	Satellite instrument and processor version of ozone column data

	Number_of_longitudes
	integer
	Number of longitude values of the field [4]

	Longitude_range
	2*float
	First (West) and last (East) longitude of the field [4]

	Longitude_step
	float
	Step between the longitude values of the field [4]

	Number_of_latitudes
	integer
	Number of latitude values of the field [4]

	Latitude_range
	2*float
	First (South) and last (North) latitude of the field [4]

	Latitude_step
	float
	Step between the latitude valies of the field [4]

	Iuvfield
	string
	Brief description of the content of the data field

	Iuverror
	string
	Brief description of the error of the data field

	Units
	string
	The units of the fields 

	Note
	string
	Brief description how the arrays are stored in the file 

	Product_code
	string
	Product code, for internal use, to ease post-processing


Product Specification Table : HDF - SDS 

	Dataset name
	Data type
	Rank

	Iuvfield
	integer*2
	2

	Iuverror
	integer*2
	2


Notes:

1) The “product name” given in this field is “Erythemal UV dose” for daily values, while for data products spanning more then one day it can be something like the following:

a) Erythemal UV dose (kJ/m2) – monthly average

b) Erythemal UV dose (kJ/m2) – 10-day average

c) Erythemal UV dose (kJ/m2) – yearly average

d) Erythemal UV dose (kJ/m2) – yearly maximum

e) Erythemal UV dose (kJ/m2) – monthly climatology

2) For the daily erythemal UV dose this field has one entry of the given name. For data products spanning more than one day, two attributes are given:

a) UV_field_date_1 = first date of the data period


b) UV_field_date_2 = last date of the data period

3) Cloud cover information is used to compute the UV dose, which can be one of these:

a) Clear-sky

b) Meteosat cloud cover fraction, 1-hourly observations

c) ISCCP cloud cover fraction, 3-hourly monthly averages

d) Overcast

4) These values decribe the geolocation of the grid cells. For instance the longitudes are given by:

lon(i) = Longitude_range(1) + (i-1)* Longitude_step

where i runs from 1 to Number_of_longitudes.


5. DNA damage UV INDEx & uv dose

5.1 Description and implementation

The DNA-damage UV index for clear-sky conditions at local solar noon and the DNA-damage UV dose are derived and implemented in essentially the same way as are the erythemal UV index (Section 3.1) and the erythemal UV dose (Section 4.1). For details the reader is therefore referred to the respective sections.

5.2 Detailed product description

The DNA-damge UV index and UV dose products are released through the TEMIS website in the form of images and HDF data files. The specifications of these HDF data files are essentially the same as the specifications for the data files of the erythemal UV index (Section 3.2) and erythemal UV dose (Section 4.2), and the reader is referred to the respective sections for details.
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