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1 Introduction

PROMOTE, PROtocol MOniToring for the GMES Servickergent on Atmospheric
Composition, delivers policy-relevant services ounltiple atmospheric issues to end-
users. It provides GMES services relevant to thenezlayer, UV-exposure on the
ground, air quality, climate change and specialiegiions. These services are directed
at the needs for information on environment andnate by public authorities and
governmental agencies. Some services are direttét ggeneral public. More than 50
users from 16 countries and international orgaimsat have signed Service Level
Agreements for the PROMOTE services. In the cur@omsolidation Phase (Stage 2,
2006-2009) the PROMOTE strategy calls for an in@etal enhancement of the ozone
and UV services by providing more products of betj@ality. The methodology
advocated in PROMOTE calls for the integration offace data and space data into
models. PROMOTE will further demonstrate the neediftegration of space data in
these models as well as the need for nesting thextels in order to establish the
connection between global, regional, and localescal

The UV Record service provides long-term recordsuwface ultraviolet radiation data.
University of Manchester is the core user of thevise with the mandate of WMO. The
starting point for Stage 2 of PROMOTE was a sdanhdividual UV monitoring services
developed in Stage 1 of PROMOTE. These are the BEMVY radiation archive that
provides UV records based on GOME, SCIAMACHY and®18ata; and UV Record
service that provides UV records based on Nimbusrd Earth Probe TOMS
instruments. The Stage 1 services provide dailysraaq local time series of UV index
and daily dose data. In Stage 2 the UV Record cenwill be upgraded to become an
integrated service that provides global and homeges surface UV time-series. This
document describes the scientific methodology efrtew integrated UV Record service.
A prototype of the new integrated service will haitable in 2008. The service will be
completed in year 2009. Validation of the UV Recsedvice will be based on utilization
of ground-based spectral measurement data fronktinepean UV Database (EUVDB)
and UV time series obtained using reconstructiothods.



2 Sourcesof Input Data

The integrated UV Record is based on several sswtdata based on multiple satellite
instruments. This section describes them.

2.1 Assimilated Total Column Ozone

The source of total column ozone data is the PROM@$similated long-term ozone
record from TOMS, GOME, SCIAMACHY and OMI providedy KNMI. The
assimilation system is called TM3DAM. The papeEskes et al. (2003) provides a more
detailed discussion of the model, assimilation apph and references to related work.
The assimilated data are in a regular grid whoseedsions are 181 and 240 in latitude
and longitude, respectively. The available datasete OMI (2004-present),
SCIAMACHY (2002-present), GOME (1995-2003), and TONL978-1993). The ozone
data are converted into GrADS compatible binarynfatrin prior of use.

2.2 |SCCP-D1 Cloud Data

International Satellite Cloud Climatology Projebttp://isccp.giss.nasa.gov/, ISCCP) was
established in 1982 as part of the World Climatedaech Programme (WCRP) to collect
and analyze satellite radiance measurements to tihée global distribution of clouds,
their properties, and their diurnal, seasonal, artdrannual variations. The resulting
datasets and analysis products are being usedprove understanding and modeling of
the role of clouds in climate, with the primary @scbeing the elucidation of the effects of
clouds on the radiation balance. There are mansioes of the ISCCP data, and for the
PROMOTE UV Record service it was decided to usel8@CP-D1 data. ISCCP-D1
contains merged spatial averages of satellite-ddrisioud properties. The ISCCP-D1
data are given in a global 280 km equal-area gittl @ time resolution of 3 hr. All the
data are given in UTC time. The cloud informatibattare extracted from the ISCCP-D1
data are cloud fraction and the cloud optical ddpththe cloudy part of the pixel. In
prior of use of the ISCCP-D1 data for estimatiorthe#f transmission of UV radiation to
the surface of the Earth, the extracted cloud ifsacand cloud optical depth data are
converted into a regular grid of 1 by 1 degree fiilme resolution as well as the spatial
resolution of the data may not be optimal for thé Rlecord. However, it would be much
more laborious to utilize the ISCCP-DX data sethasdata from different satellites have
not been merged.

2.3 GADSAerosol Climatology

Global Aerosol Data Set (http://www.Irz-muenchef-add234an/www/radaer/gads.html,
GADS; Koepke et al., 1997) is a global aerosol atmogy. The atmospheric aerosol
particles are described by 10 main aerosol comg@snghich are representative for the
atmosphere and characterized through their sizgitdison and their refractive index



depending on the wavelength. These aerosol patak based on components resulting
from aerosol emission, formation and removal preessvithin the atmosphere, so that
they exist as mixture of different substances, be#ternal and internal. Typical
components include water-soluble, water-insolubtet, sea-salt and mineral. The sea-
salt particles are defined in two classes and timenmal particles in four. GADS version
2.2 was used. The optical properties of the aesosele extracted on a 5 by 5 degrees
regular grid for winter and summer for the wavetangf 300 nm assuming a relative
humidity of 70%. The GADS climatology may not b@nesentative globally, because in
some regions the current aerosol emissions diffeatlty from the emissions of the past.
This has been taken into account in developmetiteointegrated UV Record service, so
that the UV Record time series can be updated ifenamcurate aerosol data become
available.

24 MTW 360 nm Surface Albedo Climatology

The moving time-window (MTW) method (Tanskanen &f 2003) is based on the
assumption that the reflectivity values within atam time-window around the day of
interest form a sample of the reflectivity distiimmn whose lower tail corresponds to the
clear sky case. An estimate of the surface albedbtained by fitting a linear function to
the lower tail of the cumulative distribution oftlsample. The wider the time-window is,
the more information is available about the refiett distribution. However, use of a
very wide time-window leads to underestimationhef surface albedo in case the surface
albedo experiences a transient within the time-avmdn order to account for the surface
albedo transients the MTW algorithm aims at chapsan optimum time-window by
narrowing and shifting the window during transiefitse MTW algorithm was applied to
the TOMS 360 nm Lambertian Equivalent ReflectifbER) time-series to construct
daily surface albedo estimates for the Nimbus-1operPrior to the use of the MTW
method the LER data were gridded to a 1 by 1 degggelar grid defining the grid cell
value as the daily minimum LER value. Finally, therface albedo climatology was
constructed by averaging the resulting surfacedallgstimates for the years 1979-1992.

25 GTOPO30 Digital Elevation Map

GTOPOS30 is a digital elevation model (DEM) for therld, developed by United States
Geological Survey (USGS). Elevations in GTOPO30 gularly spaced at 30-arc
seconds. However, for the UV Record service a DEM w spatial resolution of 1 by 1
degrees is used. This DEM is based on GTOPO30 tamés downloaded from the
TEMIS website (http://www.temis.nl/data/topo/demadrtml).



3 Method

The fundamental quantity of interest for the UV &k Service is the erythemal
irradiance, that is defined as the spectral irmacka(W/nf/nm) on a horizontal surface
weighted with the CIE erythemal (sunburning) actspectrum. The erythemal irradiance
(E) is estimated using the Independent-Pixel-Appratian, and it is calculated from

E=E.(z,Q,R,,0)x((1-CF)x ACF (r, ,w,R, 6 )+ CF xCACF (r, .0 R, T, @))

where Eg is the clear-sky irradianc€]l-CF)* ACF is the contribution of the cloud-free
part of the satellite pixel, an@F* CACF is the contribution of the cloudy part of the
satellite pixel.CF is cloud fraction ACF represents the attenuation of the UV radiation
due to the aerosols, al@ACF denotes the attenuation of the UV radiation du¢h&o
combined effect of the clouds and aerosols. Thevaltescribed quantitiegd, ACF,
andCACF) are determined by interpolation using precalcaldieok-Up-Tables (LUTS)
produced with SDISORT radiative transfer code waitthie libRadtran program package.
The multidimensional LUTs depend on several parametaltitude %), total column
ozone (), surface albedoR), solar zenith angled, aerosol optical deptiry), aerosol
single scattering albedadJ, and cloud optical depth. The dimensions and the nodes
of the three LUTs are summarized in Tables 1, & &nThe erythemal irradiance is
calculated using satellite data for every hour (Uiae) and the daily erythemal dose is
determined from the hourly irradiances using thpéroid integration method.

Table 1. CS LUT for the clear-sky erythemal irraxtia, 24960 nodes

Parameter N | Unit Nodes

altitude @) 4 | Km 0,2,4,9

total column ozone®) |24 | Dobson| 100, 125, 150, 175, 200, 225, 250, 208, 3
325, 350, 375, 400, 425, 450, 475, 500, 325,
550, 575, 600, 650, 700, 800

surface albedoRy) 13 0, 0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 00600,
0.80, 0.90, 0.95, 1.00

solar zenith angled 20 | Degrees 0, 10, 20, 30, 40, 50, 55, 60, 64, 67, 70, 73,/ 76,
78, 80, 82, 84, 86, 88, 89

Table 2. ACF LUT for the aerosol effect, 8190 nodes

Parameter N| Unit Nodes

aerosol optical depth7 0,0.1,0.2,04,0.7,1.0,1.6

(%)

single scattering albed® 0.60, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 0,98,
() 1.00

surface albedoRy) 13 0, 0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 00600,

0.80, 0.90, 0.95, 1.00

solar zenith angled 10 | Degrees 0O, 10, 20, 30, 40, 50, 60, 70, 80, 88




Table 3. CACF LUT for the combined cloud and aere$ect, 122850 nodes

Parameter N| Unit Nodes

aerosol optical depth7 0,0.1,0.2,04,0.7,1.0,1.6

(r)

single scattering albed®® 0.60, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 0,98,
@) 1.00

surface albedoRy) 13 0, 0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 00670,

0.80, 0.90, 0.95, 1.00

solar zenith angled 10 | Degrees 0O, 10, 20, 30, 40, 50, 60, 70, 80, 88

cloud optical depthzf) | 15 0,0.1,0.3,1, 3, 6, 10, 20, 30, 50, 70, 1GO,
200, 250




4  Verification of the Look-Up-Tables

The LUTs were verified using a test program thategated random test cases that were
solved using both full radiative transfer calcudatiand the look-up-table approach. The
test method enabled a systematic way to verify that look-up-table interpolation
method gives erythemal irradiance with anticipateturacy. The comparison also
revealed small systematic biases caused by thgalédéion method. The verification was
carried out by comparing 10 thousand cases witdawaty selected input parameters.
The erythemal surface UV irradiances determinedguene of the two combinations of
the look up tables (either CS+ACF or CS+CACF) wesmpared to the ones calculated
with a radiative transfer model.

In Figures 1, 2, 3, 4, 5, and 6 are shown the icatibn results for the cloud-free case.
Figures 1, 2, 3, 4, and 5 show the percentage @rateviation of the LUT given result
from the reference calculation) of the erythemafasie UV irradiance as a function of
total column ozone, solar zenith angle, surfaceddb aerosol optical depth, and single
scattering albedo. Figure 6 shows the distributibthe percentage error. Figures 7, 8, 9,
10, 11, 12, and 13 show the results for the vaitiio of the combined cloud and aerosol
case. Figures 7, 8, 9, 10, 11, and 12 show theeptage error (or deviation of the LUT
given result from the reference calculation) of émgthemal surface UV irradiance as a
function of total column ozone, solar zenith angletface albedo, cloud optical depth,
aerosol optical depth, and single scattering albEdure 13 shows the distribution of the
percentage error. The results show that the erygheorface UV irradiances determined
with the LUT approach (both CS+ACF or CS+CACF) agneell with the ones obtained
using a radiative transfer model. The LUT methodsea a minute systematic positive
bias and some nearly random deviation from theeafee method. The error statistics of
the verification are summarized in Table 4. For ¢leud-free case the behavior of the
percentage error as a function of solar zenitheasgbws some systematic features: the
method tends to cause underestimation at small 2etdth angles and overestimation at
large solar zenith angles. The method could bédurimproved by adding more nodes to
the LUTSs, but the overall performance of the metivag considered fit for the purpose.

Table 4. Error statistics of the verification oéthUTs.

LUT Combination Bias (%) Std (%)
CS + ACF 0.46 1.21
CS + CACF 0.71 1.74
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Figure 1. The error percentage of the product ef@% and ACF LUTs as a function of
the total column ozone.
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Figure 2. The error percentage of the product ef@$ and ACF LUTs as a function of
the solar zenith angle.
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Figure 3. The error percentage of the product ef@% and ACF LUTs as a function of
the surface albedo.
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Figure 4. The error percentage of the product ef@% and ACF LUTs as a function of
the aerosol optical depth.
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Figure 5. The error percentage of the product ef@%$ and ACF LUTs as a function of

single scattering albedo.
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Figure 6. The percentage error distribution ofgheduct of the CS and ACF LUTSs.
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Figure 7. The error percentage of the product ef@% and CACF LUTs as a function of
the total column ozone.
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Figure 8. The error percentage of the product ef@% and CACF LUTs as a function of
the solar zenith angle.
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Figure 9. The error percentage of the product ef@% and CACF LUTs as a function of
the surface albedo.
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Figure 10. The error percentage of the produchef@S and CACF LUTs as a function
of the cloud optical depth.
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Figure 11. The error percentage of the produchef@S and CACF LUTs as a function
of the aerosol optical depth.
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Figure 12. The error percentage of the produchef@S and CACF LUTs as a function
of single scattering albedo.
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Figure 13. The percentage error distribution ofgreduct of the CS and CACF LUTSs.
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5 Processing Scheme

The processing scheme of the UV Record servicepscted in Figure 14. It consists of
six processing steps labeled in the scheme. Theegsing steps are described in more

detail in the following sections.

Assimilated GTOPO30 Surface albedo ISCCP-D1 GADS2.2
total column ozone topography climatology global, 280km global, 5x5 degrees
HDF4 1x1 degrees 1x1 degrees, daily, equal-area grid, 3h summer & winter

convert into
GrADS compatible
binary format

I

calculate clear-sky

2 | extract cloud fraction

and cloud optical depth
convert into 1x1 grid

2]

calculate 7, and @
convert into 1x1 grid

I

5 | determine combined
cloud and aerosol

irradiance

|

clear-sky
erythemal irradiance
global 1x1 degrees, 3hr

modification factor

%

combined cloud and
aerosol modification factor
global 1x1 degrees, 3hr

|

Calculate
daily doses

o]

Erythemal daily doses
global 1x1 degrees, daily

Figure 14. The processing scheme of the UV Recemdce.

5.1 Step 1: preprocessing of the assimilated total column ozone data

In this processing step the assimilated total colmone data in the HDF4 format is
downloaded and converted into the GrADS compatihary format. The input data is
downloaded from the TEMIS website to a temporae, fand theead_hdf tool is used
to extract the data and write it into a temporar$CAl file. Next the ASCII data is
converted into GrADS compatible binary data. Onaryef GrADS compatible total
column ozone data amounts to some 60 Mbytes.

5.2 Step 2: preprocessing of the | SCCP-D1 data

This processing step consist of extraction of clénadtion and cloud optical thickness
information from the ISCCP-D1 data set, conversibthe data given in equal area grid

17



into a regular grid of 1 by 1 degrees, and writrighe cloud information into a GrADS
compatible binary file. The input data is downloddeom the FTP server of National
Climatic Data Center to a temporary file. It is dewith a DIREAD Fortran code
provided by the ISCCP project. The resulting ASfid is parsed with Perl scripts to
extract the cloud fraction and cloud optical deptta, and a simple ASCII file is
produced with data in three columns: longitudeifude, and cloud fraction (or cloud
optical depth). Next the data is converted integutar grid of 1 by 1 degrees using the
nearneighbor andgrd2xyz tools of the Generic Mapping Tools (GMT). Finalhe data
is written in a GrADS compatible binary format. @the end product of the processing
step is preserved. One year of GTADS compatiblecttmver and cloud optical thickness
data occupies some 1.5 Gbytes of disk space, antbthl amount of data after this step
is of the order of 35 Gbhytes.

5.3 Step 3: preprocessing of the GADS data

The GADS data is used by calculating the fundanhegyhtdoal optical properties: aerosol

optical depth and single scattering albedo at 3B0m5 by 5 degrees regular grid. The
data are available for two seasons: summer ancxviimt prior of use the GADS data are
converted by oversampling into the regular grididfy 1 degrees. This is accomplished
using thesurface andgrd2xyz tools of GMT.

54 Step 4: calculation of the clear-sky erythemal irradiance

The erythemal clear-sky surface UV irradiance iteeined with linear interpolation
using the CS Look-Up-Table. The clear-sky irradeais calculated for every UTC hour
and for the global grid of 1 by 1 degrees. The esscstep is initiated by reading the
surface albedo climatology and total column ozoata @f the day of interest as well as
the digital elevation map. Next the eccentricitgtéa is determined in order to take into
account the annual variation of the Sun-Earth degaFinally the erythemal surface UV
irradiance is calculated for every cell of the 1 bydegree regular grid involving
calculation of the local solar zenith angle, anel thsult is written to a binary file that is
compatible with GrADS.

55 Step 5: determination of the combined effect of clouds and aer osols

The combined effect of the cloud and aerosols terdened for every UTC hour with
linear interpolation using the ACF and CACF Look-Uables. The result of this step is a
combined cloud and aerosol modification factor tlsamultiplied with the clear-sky
irradiance in order to achieve the erythemal serfdy irradiance. The combined cloud
and aerosol modifcation factor is calculated foergMJTC hour and for the global grid of
1 by 1 degrees. The process step is initiated &gimg the surface albedo climatology of
the day of interest and the seasonal aerosol diomt. Next the cloud fraction and
cloud optical depth data corresponding to the radelfC hour available are read.
Finally the combined cloud and aerosol modificatiactors are determined for every cell

18



of the 1 by 1 degree regular grid involving caltiaa of the local solar zenith angle, and
the result is written to a binary file that is caatiple with GrADS.

5.6 Step 6: calculation of thedaily dose

In this final step the surface UV irradiances chldtad for every UTC hour in a regular

grid of 1 by 1 degrees are summed up to calcuteectmulative erythemal daily dose.

The process step is relatively complicated and dleeause the surface UV irradiances
correspond to the UTC time, while daily dose cqroesls to local solar time.
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6 Summary

This document presents the methodology applieclmutate erythemally weighted daily

UV doses for the Promote UV Record Service. Thehouktlogy is based on a look-up-

table approach for radiative transfer simulatiotaking as input the assimilated total
ozone column fields provided by KNMI in the Ozoneddrd Service of Promote. Cloud

information is taken from the ISCCP data set thalvides cloud fraction and cloud

optical depth (of the cloud covered part of theepievery three hours. Furthermore, the
methodology uses climatological values for both theface albedo and the aerosol
loading of the atmosphere.

Verification results of the look-up-table, comparithe surface UV irradiance retrieved
from the look-up-table with that obtained usingul fadiative transfer calculation under
various atmospheric conditions were presented, sigpgatisfactory results. Validation
results of the satellite UV algorithm will be presed elsewhere.
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