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Preface and Reading Guide

This is the public version of the final report of the Helio8gbroject. A version con-
taining financial and organisational details has been peavio the European Com-
mission.

The structure follows the Guidelines for Reporting of thedaean Commission
Fifth Framework program [European Commission, 2000]. @ragne gives the back-
ground of the project and Chapter two the objectives. Thensific results are de-
scribed in chapter three, the conclusions in chapter foigsddnination and exploita-
tion of results are described in the last chapter.

The Heliosat-3 project has been supported by the Europeamdssion within the
fifth framework research program under contract number NHIRE2000-00322.



Executive summary

Accurate solar irradiance data with a high temporal andapaisolution is an essen-
tial input for the potential assessment, design, plannim@erformance monitoring
of solar energy systems. Availability of these data is tfeeeeof strategic impor-
tance for the market penetration of solar energy systems.eXIsting Heliosat-1 and
Heliosat-2 methods provide irradiance data on the basiartt ebservations from the
geostationary Meteosat first generation. The methods egelyaempirical and only
use data from the visible light channel of Meteosat. For fh@ieation to the calcula-
tion of solar irradiance the new Meteosat generation hasajor advantages over the
previous generation: an increased spatial and tempom@utes and the availability
of twelve spectral channels that can be used to obtain irdtbom about the composi-
tion of the atmosphere and the characteristics of cloudslitiahal atmospheric data
can be obtained from polar orbiting satellites such as EMYI&nd ERS.

To fully exploit the improved capabilities of MSG a new irradce scheme is re-
quired. The main goal of the Heliosat-3 project is to devedoph a new irradiance
scheme and achieve an accuracy for global horizontal arei of less than 5, 10
and 20% for monthly, daily and hourly data, respectivelye iew scheme aims to
deliver direct normal irradiance, spectrally resolveddiance, angular distribution of
diffuse irradiance and the spatial structure of irradiamsewell. Secondary goals of
the project are the implementation of the scheme in prosgssiains to end-user prod-
ucts, availability of retrieved cloud and atmospheric datather purposes, providing
an user interface, and dissemination of the results.

The Heliosat-3 consortium successfully developed an dipei irradiance scheme
on the basis of Meteosat Second Generation data. The sclugrsists of the new SO-
LIS clear sky scheme, an MSG-adapted and improved clouciscleeme and a new
all weather scheme. The scheme provides spectrally resgledal horizontal irra-
diance, and spectrally resolved diffuse horizontal irmade. The data has a spatial
resolution of of 1 km x 1km (nadir) and a temporal resolutibd® minutes.

The clear sky scheme is based on radiative transfer modelhd provides spec-
trally resolved global and direct clear sky irradiance. elquires information on the
aerosol, water vapour and ozone content of the atmosphanpuais In the current
operational scheme climatological data are used. Howévear) real time data can
be easily incorporated.

Besides technical changes to the software, adaptationoatidhdex method to



MSG required solving problems with the geolocation of MS@-images and a new
determination of empirical parameters such as the maxitoabaeflectivity and the
half-width of the groundreflectivity distribution.

Further improvements of the cloud index method have beeglopgd: a correc-
tion for cloud shades, a new way to determine cloud reflagtivased on radiative
transfer physics and a new statistic way to determine groafiectivity. These im-
provements where not ready when the operational schemeohmdefined, but will
be stepwise integrated in the operational scheme aftertyeqp.

The all-weather module includes a diffuse irradiance maellal uses the newly
available clear sky direct irradiance as input. Furtheembmncludes a spectral look-
up table to correct the spectral distribution of the clegrisladiance for the presence
of clouds.

The operational method was validated with pyranometer flata European me-
teorological stations. The accuracy goals set in the papas RMSE of 20%, 10%,
and 5%. for hourly, daily and monthly values of global hontad irradiance have been
achieved for most test-sites. The use of MSG-data ratharleeosat-7 data resulted
in a reduction of the RMSE of hourly data of on average 1.5%cg# point). For
north-west European test sites the results of the Helibsettd operational Heliosat-3
methods were comparable. For Mediterranean and Canandisést sites the new
method gave an RMSE reduction of approximately 2 %.

For diffuse irradiance the new method on average reduceBM®E with 1.5 %
compared to Heliosat-1.

llluminance derived from the spectral product of the operatl Heliosat-3 method
was validated on ground measured data and compared witletee Rminous efficacy
model. It was found that the latter gave more accurate edtils expected that a more
appropriate choice of spectral bands and the use of NearTiRaalatmospheric data
will improve the results of the operational Heliosat-3 noeth

It was investigated if the ground measured angular digiohwf diffuse irradiance
could be correlated to the spatial distribution of the claudiex. It was found that
traditional hemi-sphere models are still more effective.

The spatial structure of the irradiance was investigateddmwparing the cross-
statistics of ground measured irradiance at two locatioitls the cross-statistics of
Heliosat-3 determined irradiance for the same two locatidhwas found that both
match very well. However, it is necessary to develop a ctime@rocedure to improve
temporal dynamics of the Heliosat-3 procedure.

Application of the new product to the performance evaluatd grid-connected
PV-systems and the assessment of the potential for solan#h@ower plants illus-
trated the benefits of the new product.

The operational Heliosat-3 method has been implementecksstully the solar
energy processing chain at Oldenburg University and theatblogical processing
chain in at Ecole de Mines. Moreover, the scheme is applictie@EUMETSAT
Climate Satellite Application FAcility at DWD.

The operational scheme differs from the scheme in the grpjeposal. The orig-
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inal 'target’ scheme would have had near real time atmospldata as input to the
clear sky module and a completely new cloudy sky scheme obdhkis of advanced
cloud information provided by the APOLLO scheme Technicalbtems with the

MSG satellite caused a large delay in the data availabiltgnsequently, the mod-
ules for the 'target’ scheme were not ready at the start obtheralisation and vali-
dation. However, they could be developed and validated comptwise in parallel to
the validation of the operational scheme.

The Kleespies and McMillan method for water vapour retridxas been adapted
to the MSG-SEVIRI instrument and further improved. The rodtlwas validated on
radiosonde measurements. With an RMSE of 6mm the resultsaree required
accuracy range.

To obtain aerosol information for the observation area ofGVithe SYNEAR
method has been adapted to the polar orbiting satellite ER8d ENVISAT. The
method has been extended further to include new and morédedeteerosol types.
An climatology has been prepared on the basis of historia. dehis climatology has
been used as input for the operational Heliosat-3 methddiateon of the ENVISAT-
SYNAER version showed a large reduction of bias towardsiyearo and of standard
deviationto 0.1. a.

A scheme for the retrieval of the total ozone column has begeldped on the ba-
sis of the 3D global chemical-transportmodel DLR-ROSE Bda@ata from ENVISAT-
SCIAMACHY and ERS-2-GOME. The standard deviation for theNED- WOUDC
comparison is between 2.6 and 6.3 % with a mean deviation#oirto 0.4 % depend-
ing on the reference station. For the SCIAMACHY - WOUDC comgxan the mean
deviation ranges from -8 to -0.8 % depending on the statidre Standard deviation
varies from 3.5 to0 10.2 %.

The APOLLO scheme, which was originally developed to usa dépolar orbit-
ing satellites, has been adapted to the MSG-SEVIRI instnamié provides a cloud
mask, cloud optical depth, cloud fraction, cloud top terapgée and cloud type. Cloud
fraction was compared with NOAA-AVHRR data. Cloud Mask waswpared with the
MeCiDa algorithm. Both comparisons showed a good agreement

The SOLIS CloudS scheme uses the cloud optical depth praigeAPOLLO
as input and based on a parametrisation of radiative trangfdelling. It is currently
only valid for total overcast situations. A case study \aiidn looks promising, but the
cloud index method is still more accurate. Further develpmof APOLLO and SO-
LIS CloudS is necessary and will take place in the vVIEM and EB®M_AR projects.

The results of the project have been disseminated via paildits, the website and
a workshop. The products are exploited in end-use prodact$uather developed in
a number of projects.
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Chapter 1

Background

To achieve the goals of the EU energy policy and to accelénatenarket penetration
of solar energy technologies, improvements in both tedgioél domains (e. g. to
increase efficiency, to achieve mass production) and in pleeadion of solar energy
systems are necessary. Detailed knowledge of the fluctpatiergy source solar ra-
diation is an issue of strategic importance for optimisestesyn performance. Main
limitations regarding the availability of high-quality Isao radiation data have been
identified by customers from solar energy industries:

e Uncertainty of local solar energy potential estimates dstigh
e Spatial and temporal resolution of available radiatioradsitoo low
e Solar energy specific information (direct normal and s@tatradiance,

e Angular distribution of diffuse irradiance, spatial sttw@) is commonly not avail-
able at all.

This lack of precise information frequently results in andrrect system sizing,
non-optimum site selection unreliable system performaoicennecessary use of con-
ventional energy sources. Consequently, the economiessaf solar energy tech-
nologies are strongly influenced by these limitations. HESAT-3 will supply high-
quality solar radiation data gained from the exploitatibexisting Earth observation
technologies. Because of the increasing capabilitiesssfetechnologies, the expected
quality represents a substantial improvement with respedbie available methods and
will better match the needs of customers of the resultingypcts.



Chapter 2

Scientific/technological and
Socio-economic objectives

2.1 Objectives

The objectives of HELIOSAT-3 are:

e Provide a new surface solar irradiance calculation scheroerding to customers
requirements mentioned above. The forthcoming MSG stellill be used to
derive the actual atmospheric state. This information b#lused in physically
based parameterisation schemes for the solar radiatiameders, which are de-
rived from extensive radiative transfer calculations. Enéanced capabilities of
MSG with 12 spectral channels from the visible to the infda@nd higher resolu-
tions in space (1 km) and time (15 min) allow this new approach

e Reduce overall errors for global irradiance on a horizosualace to less than 5,10,
and 20 % RMSE on a monthly, daily, and hourly basis, respelgtiv

e Provide a set of up to now from satellite not available solzrgy specific pa-
rameters: Direct normal and spectral irradiance, angukdriloution of diffuse
irradiance, spatial structure of irradiance.

¢ Implementation of an operational processing chain from M&® to end-use
products.

¢ Availability of retrieved data on clouds, water vapour, asais and ozone con-
centrations for other applications in global change and lase research, health
monitoring, and weather forecasting.

e Provide an user interface based on WWW and GIS technologgdsy access to
HELIOSAT-3 results by the key customers, expert users aagbtiblic.

¢ Integration of results into existing efforts from EU and etlprojects and organi-
sation of a users workshop.

e Optimisation of daylight usage in buildings

9



HELIOSAT-3 will significantly improve the planning and ojag¢ing of solar energy
technologies. This will be shown by example applicationsaroperation with cus-
tomers:

e Performance monitoring of grid-connected photovoltagtemns
e Planning and operation of concentrating solar thermal p@hants
e Optimisation of daylight usage in buildings

2.2 Contribution to EU policies

The work performed within the project HELIOSAT-3 and its canes and achieve-
ments are relevant to the key action priorities in Theme 4er§y) Environment and
Sustainable Development, Key Action 5: Cleaner Energye®yst Including Renew-
able Energies, Action Line 5.3: Integration of New and Reslgle Energy Sources
into Energy Systems. The HELIOSAT-3 project also conteisub ESD Part A: RTD
Activities of a Generic Nature: Development of generic Babservation technolo-
gies. The principle objective of HELIOSAT-3 is to suppom $olar energy community
in its efforts for increasing the efficiency and cost effeetiess of solar energy systems
and improving the acceptability of renewables. A succésstagration of solar en-
ergy into the existing energy structure highly depends oatail@éd knowledge of the
solar resource. HELIOSAT-3 will significantly improve tharocent level of skill for
solar irradiance estimation.

The follow-on generation of European operational geastaty satellites (Me-
teosat Second Generation, MSG) now provides a much betigromal, spectral and
radiometric resolution and therefore presents the capiabihecessary for the retrieval
of new and innovative solar radiation parameters. It alldvesimplementation of ad-
vanced physical retrieval algorithms for actual atmosjghend radiation parameters
instead of using semi-empirical approaches for cloud addhtian parameters and
climatologies for the other atmospheric parameters watpour, aerosols and ozone.
Furthermore, the synergetic use of atmospheric retriewhads that have recently
been developed separately for other Earth observatiomeeissnow possible.

Accurate solar radiation data derived from the new satajigneration will signifi-
cantly improve most advanced solar energy applicatiomsgrid integration of photo-
voltaics, control of solar thermal power plants, futur@diance forecasting schemes,
etc. It is expected that these new products will establishpitimary solar radiation
data source in the future. The expensive use of ground basadgmeter networks
will be restricted to special investigations and high dyalkeference measurements at
selected sites. HELIOSAT-3's advantage lies in followingighly multidisciplinary
approach through the collaboration of users and scieritmts the energy sector to-
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gether with scientists working on the field of atmospheriggits. It therefore leads to
new products and new expertise and shows how Earth obserwaiti fill information
gaps. The expected results of HELIOSAT-3 demonstrate ttenpial to establish geo-
stationary satellites as a primary data source for detailgfhce solar radiation data
used in solar energy applications. They extend the Europepacity in Earth ob-
servation through the development of new information sesifor the energy sector.
The use of renewable energies will be supported and therdéer use of fossil fuels
will be reduced. This is a major contribution to the protectof our environment and
improves quality of life.
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Chapter 3

Applied methodology, scientific
achievements and main deliverables

3.1 Introduction

3.1.1 Heliosat-3 irradiance scheme

The visible channel of the radiometer on board the weathelflisea Meteosat-7 pro-
vides earth images every half hour. Sub-satellite the ajpagsolution is 2.5 kmx
2.5 km, for North Western Europe this is approximately. 215 kX 4 km. The op-
erationally working methods Heliosat-1 [Fontoynont, 1398mmer et al., 2003] and
Heliosat-2 [Rigollier et al., 2004, Rigollier et al., 200a$e statistical methods and
semi-empirical formulas to calculate solar irradianceeyr balculate the clear sky ir-
radiance on the basis of a turbidity climatology. The actualliance is determined
by multiplying the clear sky irradiance with the so-calléouzl index which is derived
by an empirical method from from the Meteosat images. Theodat-1 scheme is
illustrated in Figure 3.1.1.

The SEVIRI instrument on board the Meteosat Second Gepar@SG) offers
not only a higher spatial and temporal resolution of the 8baad visible (HRV) chan-
nel, 1 kmx 1 km and 15 Min respectively, but also an extensive range wbneband
visible and infrared channels . These channels allow forétrgeval of water vapour
and ozone content of the atmosphere, and of detailed cloachcteristics such as
cloud optical depth, cloud top temperature and cloud typéoriation on aerosols
can be derived from instrument on board of the polar orbisiaigllites such as Envisat
and ERS-2.

The newly available data on atmospheric and cloud parasaliew for the devel-
opment of a new irradiance calculation scheme based ortikadteansfer modelling
(RTM). RTM based schemes hold the potential for greaterracguof the global and
direct irradiance, and additionally open the possibilttyptoduce spectrally resolved
data.

Such a scheme was the original target of the Heliosat-3 grojé is illustrated

12



in Figure 3.1.1. The general structure of the scheme is tine s in the Heliosat-1
scheme: it consists of a clear sky module, a cloud module aradl aveather module
that combines the results of the first two modules to obtaeratttual irradiance. One
of the advantages of this modular structure is that the diesgand the cloud module
can be independently developed and exchanged.

However, due to delay in launch and data-transmission oébkeztt-8 (a.k.a. MSG-
1), the RTM based cloud module could not be completed befmetart of the vali-
dation of the overall scheme. On these grounds the consodéacided to validate the
combination of the new SOLIS clear sky module and an adaygesion of the existing
Heliosat-1 cloud index method. For similar reasons was ttpossible to have near
real time atmospheric data for the period over which the meheas validated. Cli-
matological data were used instead. This 'operationalidsakt-3 scheme is illustrated
in Figure 3.1.1.

The development of the target scheme continued in paraltélt validation of the
operational scheme. The atmospheric data modules and t&¢ 1A module could
be completed and validated separately. The CloudS modulel @ completed for
the limited case of total overcast cloud situations. Furtlevelopment and validation
of the target Heliosat-3 scheme is currently ongoing as gfatie vVIEM and ENVI-
SOLAR projects.

3.1.2 Structure of this chapter

The SOLIS clear sky module, which is part of the target andfierational Heliosat-3
scheme, is described in Section 3.6. The adapted and ingvavsion of the existing
Heliosat-1 cloud index method (Sunsat), which is part ofdperational scheme, in
Section . Extensions of the operational scheme to deterthemangular distribution
and the spatial structure of the irradiance can be foundlid 8nd 3.11.

The validation of the operational scheme is described id.3Bxample applica-
tions of the operational scheme are described in Sectid7st8.3.17.

The development of methods for the retrieval of atmosplaear-sky parameters
and cloud physical properties, which are part of the targbeme, are described, in
the Sections 3.2 to 3.5.

The order of the sections corresponds with the order of theék wackages in the
project.

Most deliverables are also described in separate techmipatts. Table 3.1 gives
an overview of all deliverables of the Heliosat-3 project.
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Table 3.1: Deliverables of the Heliosat-3 project.

NIr. Title Reported in
D1 management plan
D2 compilation of data requirements Report [EHF and Ecole deggliArmines]
D3 Internet presentation www.Heliosat3.de, Report [EHF,1200
D4 Dissemination plan/TIP electronically via e-TIP
D5 Scientific publications Ch. 5.3
D6.1 Cloud processing scheme, Report [Heliosat-3 consorti@®2p
working version
D 6.2 Water vapour retrieval scheme, Report [Heliosat-3 consort2002]
working version
D 6.3 Aerosol parametrisation scheme, Report [Heliosat-3 atioso, 2002]
working version
D6.4 Ozone processing scheme, Report [Heliosat-3 consortiQ6g]2
working version
D7 Mid-term progress report Report [Heliosat-3 consortiufQ2Z)
D81 Heliosat3 software clear sky, Report [Heliosat-3 consanti2002]
working version
D 8.2 Heliosat3 software all sky, Report [EHF et al., 2003]
working version
D9.1 Cloud processing scheme, Section 3.2
final version Report [Schroedter- Homscheidt, 2004]
D9.2 Water vapour retrieval scheme, Section 3.3
final version Report [Schroedter- Homscheidt, 2004]
D93 Aerosol parametrisation scheme, Section 3.4
final version Report [Schroedter- Homscheidt, 2004]
D94 Ozone processing scheme, Section 3.5
final version Report [Schroedter- Homscheidt, 2004]
D10 Heliosat3 information package Section 5.1.3
D 11.1A | Algorithms for direct Integrated in D8.2
and diffuse irradiance
D 11.1 B| Angular distribution Report [Ineichen, 2005b]
of diffuse irradiance
D 11.2 | Algorithms for calculation Section 3.9.3
of spectrally filtered
solar irradiance data
D 11.3 | Algorithms for inference of Section 3.11
spatial irradiance structure Report [Beyer et al., 2005]
D 12.1 | Heliosat 3 software clear sky, Section 3.6
final version
D 12.2 | Heliosat 3 software all sky, Section 3.7.1

final version
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Nr. Title Reported in

D 13.1 | Routine processing chain Section 3.12
for solar energy specific data Report [Kuhlemann et al., 005
Report [Kuhlemann and Hammer, 2005]
D 13.2 | Routine processing chain Section 3.13
for climatology oriented data Report [Wald, 2005 ]
D14 Workshop Section 5.1.2
D 15.1 | Example Application No. 1: Section 3.15

Performance evaluation of
Grid Connected PV systems

D 15.2 | Example Application No. 2: Section 3.16
Solar Thermal Power Plants Report [Schillings, 2005]
D 15.3 | Example Application No. 3: Section 3.17
Daylightning Report [Dumortier and van Roy, 2005]
D 16 Validation report Section 3.14
Report [Dagestad et al., 2005]
D 17 Final report this document

3.2 Retrieval of Cloud Mask and Cloud Optical Prop-
erties (WP 2020)

3.2.1 APOLLO

The AVHRR Processing scheme Over cLouds Land and Ocean (RRQISaunders
and Kriebel, 1988], [Kriebel et al., 1989], [Gesell, 198Kriebel et al., 2003]) was
originally developed to make use of the AVHRR instrument oard of polar orbiting
satellites of the NOAA series. It was the first AVHRR data @sging scheme to
make use of all five spectral channels during daytime. Itrdisges all pixels into four
different groups called cloud-free, fully cloudy, parlyatloudy (i.e. neither cloud-free
nor fully cloudy) and snow/ice-contaminated, before dadvphysical properties.

Within APOLLO, clouds are categorised into three layersoaditng to their top
temperature. The layer boundaries are set to 700 hPa andRH)0The associated
temperatures are derived from standard atmospheres.eFugtdch fully cloudy pixel
is checked to see whether it is thick or thin cloud, dependingts 11m and 12
um brightness temperatures and, during daytime, its chahfielm and 0.8um re-
flectances. Thin clouds (with no thick clouds underneate)taken as ice clouds, i.e.
cirrus, whereas thick clouds are treated as water clouds.

Cloud cover is derived for each cloud type separately. Tiveléne fractional cloud
cover of the partially cloudy pixels at daytime, the relaship of the measured O.6n
and 0.8um reflectances to the mean of the fully cloudy and cloud-fedlectances in
a local neighbourhood (e.g. 50 by 50 pixels) is used. Moraildedf these methods
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are given in [Saunders and Kriebel, 1988].

At daytime, for each fully cloudy pixel, clouds optical dapliquid/ice water path
and IR-emissivity are derived by means of parameterisaaremes using the re-
flectance at 0.m. The parameterisation scheme is based on the directienal h
spherical cloud top reflectance, which is obtained from thegsured) bi-directional
top of atmosphere reflectance by applying an anisotropycton, correction due to
ozone absorption and subtracting the surface part of thextafice transmitted through
the cloud. Details of the method can be found in [Kriebel et1#89].

3.2.2 Adaptation of APOLLO to MSG-SEVIRI

The AVHRR instrument on polar orbiting satellites has aydglbbal coverage of the
earth surface. This temporal resolution is too low for anrapenal irradiance calcu-
lation scheme such as Heliosat-3. An usable alternativeeiSEVIRI instrument on
board the geostationary satellite MSG. It offers a full lkedisk scan every fifteen min-
utes similar to AVHRR. To use SEVIRI data as input for APOLL&2tnical changes
in the software were necessary, as well as adaptations tottexlying physical mod-
els.

The technical changes dealt mainly with the other data ftsraad the difference
in geometry between a geo-stationary and a polar-orbitbgjige.

The changes of the physical models of APOLLO to MSG-SEVIRIuded the
following:

e Defaults of thresholds for most of the APOLLO algorithmséé&y be set depend-
ing on the region covered by the data to be processed. Thehthids itself are
either set explicitly or are dynamically derived from lo¢astogram calculations
in neighbourhood-boxes. Therefore, all explicitly see#irolds and default set-
tings have been changed, i.e. their values have been adapteziregions visible
by SEVIRI (especially necessary for non-European ared®sé& presets must be
physically reasonable, i.e. are climatologically or engailty determined for the
complete SEVIRI view and usually depend on region and season

e Step 2 and 3 in the APOLLO processing contain correctionsdgional peculiar-
ities, e.g. cold currants and thermal fronts in the oceaseds with frequent sand
storms etc. These local peculiarities can cause miscleessifin and wrong values
for the cloud parameters and the processing must corredt fbhese corrections
depend not just on the region with the certain peculiarityddso on the degree
of experience with it. Therefore, each APOLLO processirteste is specific for
the region it is applied to and APOLLO/SEV and APOLLO/AVH féif here as
much as the AVHRR-view (covering mainly Europe due to fielddew of DLRs
receiving system at Oberpfaffenhofen) and SEVIRI-viewdifierent.
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3.2.3 Validation of the APOLLO output

The quantities provided by Apollo are not available as, ffiatilt to compare with,
ground measurements. Instead a comparison with estadlssdtellite methods has
been made.

Apollo-MSG-SEVIRI cloud fraction was compared with ApciMOAA-AVHRR
based data, i.e. same method, different satellite. It wasadahat over land the
AVHRR cloud fractions tend to be higher, and over sea the MEEYRI data gave
higher values. The differences between the two satellim®womparable with the
differences found between ground determined data and tltd AANOAA-AVHRR
based data.

Apollo-MSG cirrus mask was compared with the MeCiDa aldontusing MSG
data, i.e. different method same satellite. The Apollo métehowed a detection
efficiency of 36% to 50% and a false alarm rate of 2%. This wdsetexpected since
APOLLO does not consider cirrus clouds above low clouds,taadveCiDa is more
sensitive on thin cirrus clouds.

3.3 Retrieval of Water Vapour (WP 2030)

3.3.1 Development

Several retrieval methods to derive total water vapoureanfTWC) over land from
MSG SEVIRI data have been tested, using the Thermodynaii@ lduess Retrieval
(TIGR, [Chedin et al., 1985]) data set to represent possitntespheric states of tem-
perature and humidity distribution. The reference TWC ddoé calculated from these
profiles.

The comparison indicated that a split window retrieval alfon for the retrieval
of water vapour column over land as published by KleespiddveMillan [Kleespies
and McMillan, 1990, Kleespies and McMillan, 1984] was bastesl for MSG. The
method uses the split window channels at 10.8 angr?2 In general, infrared mea-
surements are affected by air temperature, surface tetaperaurface emissivity, wa-
ter vapour and absorption of other atmospheric gases. \@plitow channels are se-
lected close to each other, so that equal emissivity andrptiso of other gases than
water vapour can be assumed. Surface temperature is thefeabwth channels as
this parameter is not dependent of the observer’s wavdieigjiis reduces the depen-
dence of measurements in these channels to air temperatliveader vapour absorp-
tion. Two situations with varying surface temperaturessalected and therefore, two
brightness temperature measurements can be exploitedngHénese two equations
the air temperature dependence can be eliminated. MSG dafferpossibility to use
this approach as it measures in a 15 minutes temporal resolamd therefore, can
delivertwo situations with varying surface temperatuceging the daily temperature
cycle. Equations 3.1 and 3.2 describe the functional miahip between brightness
temperatures and TWC.
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T is the brightness temperature in channel 11 opf® 0 is the satellite zenith
angle, A and B are two temporal different situations anstands for transmission.
A minimum difference of 8 K betweeff;, in situation A and B is required to avoid
noise effects. Kleespies and McMillan proposed a lineaati@hship between the
transmission ratio term and TWC (Equation 3.2). Testingwhele TIGR data set it
turned out that a third order polynomial describes the imtahip better. Presumably,
the reasons for this non-linear behaviour are (a) non-oegie absorption of other
atmospheric gases if TWC is very small and (b) saturatiotsbgption lines for large
TWC values.

A significant dependence on satellite zenith angle was foksgecially for larger
TWC values a simple cosine airmass correction as used intlBgua 2 is not suitable
anymore. An explicit calculation of airmass correctionhe infrared needs detailed
information about the temperature profile of the atmospherdortunately, this will
not be available later in the operational processing sch@imerefore, a parameterisa-
tion was developed. All coefficients of the third order palymal can be parameterised
with sufficient accuracy using a quadratic fit.

Figure 3.2 gives an example of the level 2 and level 3 wateowrapolumn product.
The level 2 product (top) contains the water vapour datacbatd be derived from
MSG-SEVIRI. Please note, that the method derives TWC ondy tand which is most
relevant for solar energy applications. Further data gapslae to cloud cover. The
level 3 product (bottom) is generated in a 3-step-approg@dghaverage all level 2 data
available in a 0.5x0.5 latitude/longitude grid box, (2)ergolate empty boxes locally,
and (3) fill still empty boxes with a background climatologgsled on the NASA Water
Vapour Project (NVAP) data set [Randel et al., 1996, Simptal., 2001].

TWC = fet(

3.3.2 Validation

Comparisons of MSG-SEVIRI based total water vapour coluwitisradiosonde mea-
surements have been performed for an European subset ofSefidld of view and
for the full field of view covering Europe and Africa. The radonde measurements
have been collected by the Met Office (UK) and provided by thiadB Atmospheric
Data Centre (BADC). They comprise vertical profiles of tenapgre and dew-point
temperature at standard and significant pressure levelshwatow for the calculation
of the total water vapour column.

The period investigated includes March 1st, 2004 to Augish, 32004 for the
European subset and May, July, and August 2004 for the fudl Géview data. For
the whole study period a bias of -0.1 mm is found for level 2adaigether with a
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Figure 3.2: Examples of Level 2 (top) and Level 3 (bottom) water vapoadpcts:
MSG derived TWC in mm, March 17th, 2004.
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Figure 3.3: Two dimensional histogram of satellite level 2 data and eadinde total
water vapour column, period March-August2004, Europeash African radiosondes.
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RMSE of 6.18 mm. For level 3 data the bias is -0.29 mm and the RN$S5.82
mm. The overall results are therefore within the range définéhe data requirements
document for irradiance calculations.

Figure 3.3 shows the 2 dimensional histogram plot of s&eellased total water
vapour column against radiosonde-based total water vagmumn. A noteworthy
scatter can be noticed which results in a low correlatiorffimyent of 0.63. Never-
theless, a maximum of coincidences can be clearly ident@fiednd the identity line.
Having the required accuracy of less than 10 mm in mind, itimetated that 96% of
the differences are within a 10 mm range and even 83% arenaaiinieven stricter 5
mm range. Therefore, the accuracy requirement specifiedfiksefd.

3.4 Retrieval and parametrisation of Aerosol Amount
and Type (WP 2040)

3.4.1 Development

The goal of this work package is to create an aerosol clirngtofor the observa-
tion area of MSG that can be used as an input for the clear skgiance scheme. The
aerosol information is obtained using the synergetic agresrieval method (SYNAER),
which exploits a spectrometer radiometer combinationtiienee aerosol optical thick-
ness and type. SYNAER has originally been developed with E@lobal Ozone
Monitoring Instrument) and ATSR-2 (Along Track ScanningdiReneter), both on-
board the polar orbiting European Radar Satellite ERS-2ZétePopp et al., 2002a,
Holzer-Popp et al., 2002b]. The methodology selects the plassible type of aerosols
from remote sensing observations in each pixel withoutimglyn any background
data set.

The optical properties of the different aerosol particles takes from the OPAC
database [Hess et al., 1998]. However, within the HELIOSASroject the SYNEAR
method has been updated in the description of aerosol dptioperties based on
recent aerosol campaigns [Dubovik et al., 2002, Guyon et2803, Moulin et al.,
2001, Schnaiter et al., 2003]. These new aerosol modelsiarently included into the
‘climatology data set’. Especially soot and mineral ael®ace now described more in
detail and with extended focus on low and high absorbingsaétgpes in both groups
in the retrieval method.

A first climatology containing annual values for a five by fivegdee grid has been
prepared. To enable the use of the SYNEAR data as input fBatitran the detailed
aerosol information is distilled to three parameters: temsol optical thickness at
550nm and the angstrom exponentand that describe the aerosol type.

A follow-up climatology containing with higher spatial ateimporal resolution is
being developed as part of the VIEM project.
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Figure 3.5: Example of SYNAER-SEVIRI results.
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3.4.2 Validation

Validation of the SYNAER method in general have been cawigdn first case studies
distributed over the globe at 14 locations and one airbada measurement show a
good agreement with errors less than 0.1 in six wavelen@%8 { 870 nm) which
indicates correct assessment of the amount and type (ndheepectral dependence
of extinction) of aerosol. These results have already beéfighed in [Holzer-Popp et
al., 2002b] . Furthermore, a comparison of monthly meanltefom SYNAER and
other satellite aerosol retrievals as well as AERONET [ldallet al., 1998] stations
over ocean [Myhre et al., 2005] showed a satisfactory ageeemith the other data
sets.

The comparison result for 29 cases of coincidence of theosad#3 climatology
data set and AERONET is given in Fig. 3.4. The general agraeimeacceptable, but
there is also a bias of 0.1 which shows that SYNAER tends toestenate aerosol
optical depth in comparison to AERONET measurements. Taedstrd deviation
between both measurements is 0.24 and the correlationaeetffis 0.72. To evaluate
this further and to look more into details of possible faélweasons, further evaluation
with a larger data set as expected from ENVISAT (daily praglut6 pixels per scan
line instead of 3) is ongoing.

First results show an improvement based on ENVISAT data wiliias close to
zero and standard deviation of 0.1. SYNAER has also beentediapccessfully to
MSG-SEVIRI assuming a constant aerosol type. Figure 3.8sgin example for 1st
August 2004, 12 UTC.

3.5 Retrieval of Ozone (WP2050)

3.5.1 Development

Ozone total column data is provided by SCIAMACHY aboard ESXT. SCIAMACHY
is a spectrometer measuring atmospheric absorption irtrgpbands from the ultra-
violet to the near infrared (240 nm - 2380 nm). From these wmasiens total col-
umn amounts and stratospheric profiles of a multitude of aptheric constituents
are retrieved on a global scale [DLR, 2000]. Currently, SRICHY data of ver-
sion 5.04 is available. Due to the scanning geometry of SCMAMY total column
ozone observations are heterogeneously distributed i@ &#ind space. In order to
gain synoptic distributions of total column ozone consmgatmospheric variability
the SCIAMACHY observations are sequentially a assimilateéd a 3D chemistry-
transport model, describing all relevant chemical and jglaygrocesses [Erbertseder,
et al. 2004, Erbertseder et al.,2003].

The 3D global chemical-transport model DLR-ROSE 3.0 is usiad based on the
ROSE model described in detail in [Rose and Brasseur,1988Rt al.,1999], but was
significantly improved. The model covers all relevant ghage stratospheric chem-
ical processes. Heterogeneous processes are also inatuttedmodel. It accounts
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for about 100 reactions, including oxygen, hydrogen, carlmitrogen chlorine, and
bromine species. The basic chemical time-step is 15 min#kspecies are trans-
ported every 90 minutes using a Lin and Rood scheme. The nwdseven by wind-
and temperature fields of the European Center for Medium &&eather Forecast
(ECMWE). The spatial discretisation of the DLR-ROSE 3.0sus28° x 2.5° lon.-lat.
spherical grid and 43 log-pressure levels between 0 and S5&ltide (316. to 0.316
hPa) resulting in a vertical step size of 1.3 km. Globallyddad 3D ozone as well
as total column ozone fields are available every 6 hours. Akumto SCIAMACHY
observations fo the Global Ozone Monitoring Experiment M8 currently available
in version 4.0) can be applied. As from mid of 2006 observetifvom the upcoming
GOME-2 instrument aboard METOP will be used.

3.5.2 Validation

Total ozone measurements archived at the World Ozone andafa/Center (WOUDC)
in Toronto, Canada [woudc,2005] are used as referencedaatidation. The WOUDC
dataset contains total ozone data mainly from Dobson andi@r&)V spectropho-
tometers and from M-124 UV filter radiometers. To prepareugtbbased data sets
for the sake of GOME and SCIAMACHY validation, we investigathe quality of 10
total ozone data records of stations distributed over &tulde regions. For GOME
ground-based data of the year 2000, for SCIAMACHY of 2003 a@slied.

The general agreement of SCIAMACHY is very good, the agregrn€E GOME
excellent, reaching the accuracy of ground-based measmtsnOver the middle and
high latitudes of both hemispheres SCIAMACHY overestirsajeound-based total
ozone during winter-spring. During summer-autumn it uedémates ground-based
ozone values. In the tropics there was no significant seagdepandence of the dif-
ferences observed but in general ozone was slightly unit@esd by SCIAMACHY.
Recapitulating the relative differences ((satellitetgrd-based)/satellite) SCIAMACHY
usually does not exceed 10% for individual values.

The standard deviation for the GOME - WOUDC comparison isveeh 2.6 and
6.3 % with a mean deviation from -4.1 to 0.4 % depending on &ference station.
For the SCIAMACHY - WOUDC comparison the mean deviation @& from -8 to
-0.8 % depending on the station. The standard deviatioey&om 3.5 to 10.2 %.

3.6 The SOLIS clear sky module (WP 3010)

3.6.1 Approach

In the Heliosat-1 method the global clear sky irradiancestenmined with the empir-
ical Dumortier model [Dumortier, 1995] that uses climatptal values of the Linke
turbidity factor as input.
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The availability of data on the aerosol, water vapour anchezmntent of the at-
mosphere makes it possible to calculate the clear sky anaéi using radiative transfer
modelling. This not only opens the door to a higher accuragialso provides infor-
mation not available with the Heliosat-1 model: spectradiyolved global and direct
irradiance.

However, to use RTM for every point in a time-series or ireamtie map would
be too slow for operational use. Furthermore, the data db#sgrthe state of the
atmosphere are mostly only available on spatial and anddeahpcales larger than
the scales required for the irradiance data sets.

Therefore, the new SOLIS clear sky module [Mueller et alQ3Quses a more
practical approach:

1. The uvspec solver from the RTM library libRadtran [Mayada&ylling, 2005]
is used to calculate direct and diffuse in each of the Katoetated-k wavelength
bands [Kato et al., 1999], for the for solar zenith angfeand60°. Water vapour,
aerosol and ozone information are used as input. Currehéige data are taken
from a climatology. But, when available, they can be giveralnear real time
(NRT) scheme.

2. On these two points the modified Lambert Beer (MLB) funasiare fitted:

T()d()\

_ )
Lgirect = Iy * exp(cosa(/\)(ﬁz)) * cos(0,) (3.3)
Tog(A)
Lgiobat = Lo * exp(cosb?’\)(ﬁz)) * cos(0,) (3.4)
_ (Toai(A))
Liifpuse = o * €$p(cos(ez)cw ) (3.5)

where: I, is the extra-terrestrial irradiancg,is the wavelengthy, is the solar
zenith angleyyq, 70, and7yg s ¢ are the (wavelength dependent) effective optical
depths at), = 0 for direct, global and diffuse irradiance, respectivelyda, b
andc are the (wavelength dependent) MLB parameteys, 7o, 70qifs @ , b and

c are the free parameters for the fit.

3. With known effective optical depths and MLB parametess ¢lear sky irradi-
ance can be calculated very quickly for any solar zenitheanghd thus for any
place and time with an atmospheric condition similar as farcl the original
RTM calculation was carried out.

At low visibilities (high optical depth, high aerosol load)correction on/, has

to be applied for global and diffuse radiation. For that msga general formula has
been developed.
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3.6.2 Software implementation

The SOLIS module consists of the following parts:

e a library of c- programs that can read the appropriate atherspdata from the
files

e an installation of the program library libRadtran

e the awk programs convert.awk and convert-l.awk that fit thdBNMuinctions to the
RTM-calculated irradiance

e the central script kato.sh that prepares the libRadtrantinping the database in-
terfaces; calls libRadtran followed by a call to convert.

The actual calculation of the clear sky irradiance from theBvparameter takes
place in the all weather modulirr.

3.6.3 Validation

The first step in the validation is to investigate the vajidif the MLB fit [Mueller et
al., 2003]. Figure 3.6 shows that the MLB functions repratie results of a RTM
calculation very well.

The second step is to investigate the ability of SOLIS to@dpce the diurnal
variation of the clear sky irradiance [Ineichen 2005a].uf&3.7 illustrates the diurnal
variation for a single day. The deviation in the evening igseal by changes in the
atmospheric parameters during the day, that are assumsthobby SOLIS.

The third step is to compare SOLIS results with ground measants for clear
sky days. Together with seven other clear sky models, SOa$dbken validated, over
16 data banks with various latitudes, altitudes and clisfiteeichen 2005a].

An upper limit of the accuracy was established by using gdomeasured atmo-
spheric data as input. The SOLIS clearsky model gave a RMSEwéand a MBE
of 2% in the horizontal global irradiance. Differences betw the eight models were
small, but SOLIS performed slightly better than the othedsis.

The use of climatic data banks instead of locally measureahpeters lead to sys-
tematic underestimation of both beam and global radiatomponents. The standard
deviation increased up to a factor two. This confirms the rieedear real time atmo-
spheric data.
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Figure 3.6: Comparison between RTM calculations and fit using the madifie
Lambert-Beer relation, for different atmospheric statdints indicate the results
of RTM calculations, lines indicate values calculated faith the MLB functions.
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3.7 Adaptation and improvement of the existing Cloud
Index method (WP 3020)

3.7.1 Adaptation of the cloud index method to MSG

A first step towards the implementation of the Heliosat-3cpoures has been the
adaption of the “old” Heliosat-1 software [Kato et al., 1989the data of Meteosat-8
in VCS/XPIF format. The development was focused on the hagolution data in
the visible range of wavelength (HRV channel) with 1 ¥/k? spatial and 15 minutes
temporal resolution. The software code was modified in thg that it is able to
process 2 byte data for each pixel, to read and use the hed#demation of each
image, and to write all generated images with similar header

It was found that the VCS/XPIF data were both, shifted antbdisd. A proper
geolocation of Europe and the Canary Islands was made by tisérsoftwardDRISI
/Kilimanjaro and its internal maps. This investigation revealed thanaividual ge-
olocation of many sites is necessary and that it is possleotrect for them by
modifying line- and column-offsets. Therefore the new pang includes options for
additional offsets to recorrect the local geolocation aocbeding site lists has been
generated [Kuhlemann et al., 2005].

Later it was found that the detected distortions are a spqmifiperty of the VCS
IXPIF data, while the original HRIT data contain only a fewftgd images. Conse-
guently, the switch of the whole data processing chain teet¢RIT data is planned.

A proper colocation (spatial match) of sequential imagesidegen found to be nec-
essary as well. The old backshift procedure, developedmwitte European project
SoDa, which works with a minimisation of thERMSEbetween a test and a reference
image, revealed as not satisfying. In the future, this ptaoe will be replaced by rec-
ommended algorithms, which uses landmarks and the caoorledefficient to detect
and correct for shifted images.

With a proper data base of the described type it has beengb@s$sioptimise the
different parameters of the Heliosat-1 procedure. Thedtegt is the determination of
the radiometer offsat’s for the different visible channels. It was found to be thegam
for all three channel€’y = 51).

The second step is to determine the maximum cloud reflegiivis, ;. According
to its optimisation within th&SoDaproject it should be defined in the way that 96% of
all counts are below this value [Hammer et al., 2001]. Thalteg value for the HRV
channel of Meteosat-8 has beep,., = 650.

To extend the angular validity of the procedure to large semth angles a new
atmospheric correction was developed for all visible cledsirilo get the whole range
for all three angles (sun zenith angle, satellite zenitHgrsyn satellite angle) subsets
of the equatorial region and southern Africa were addeddsdtof Europe and the Ca-
nary Islands. The derived functional dependencies haveibekided in the computer
code. Calculated global irradiances have been comparédgnound measured data
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for Vaulx-en-Velin in April, May, and June 2004 as well as swalculations without
an atmospheric correction. It was found that the qualityossimproved by using an
atmospheric correction and therefore it was omitted, beezdue calculation speed is
much lower when using it.

Thecloud index (nis determined by

P — Pground (36)
Pcloud — Pground

and the necessary ground albegp,.... is generated using the frequency distribu-
tion of the grey counts of a monthly slat,, ...« represents the half width of the land
peak in the distribution and has to be optimised. This os@tidn has been tried by a
similar irradiance comparison like described above. RMSEremained stable with
varying o,,.unq, bUt thebiasincreased with increasing, ,.,. The minimisation of
thebiasended up with such different values for the three monthstig“mathemati-
cal” optimisation failed. Therefore, a visible determinatof o,,.,4 has been applied
and ended up with an value of,...« = 23. For such an optimisation the amount of
cloud rests should be as small as possible, but the iterakionld not collapse in the
way of producing a significant amount of “dark pixels”.

Further validations for other sites in Europe and on the Galséands for all avail-
able HRV data (March 2004 - now) are ongoing.

This work has been described in more detail in [Kuhlemanih €2@05] and [Kuh-
lemann and Hammer, 2005].

n =

3.7.2 Development of an alternative cloud index algorithm

The cloud index is an important component of the Heliosatralgm, which estimates
solar radiation components from images of the Meteosat HRAhoel. The cloud
index quantifies the reflective properties of the atmosplaare varies from 0O at clear
conditions to 1 at overcast. The algorithm is semi-emgiiicghe way that it includes
several constants that need to be tuned. Some of these wareed in the Heliosat-1I
algorithm [Rigollier et al., 2004] which introduced the Mesat calibration constant
to replace the "pseudo reflectivity” with a "real reflectwit This approach is followed
here, and two additional changes are made: 1) An analytigaiession is introduced
to correct for backscattered radiation from air moleculBsA correction is made for
non-lambertian reflectivity, removing the time consumireged for determining the
ground reflectivity for each month and each slot.

Calculation of the reflectivity from Meteosat counts

A part of the signal that a "visible” satellite sensor reesiwhen viewing earth is
directly scattered from air molecules. This part depenasgty on the sun-ground-
satellite geometry, and as the radiation at ground is inuegat of the satellite posi-
tion, it should be corrected for. The traditional approacthe Heliosat algorithm is to
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subtract a quantity from an expression which is tuned tdlgateounts from cloud free
pixels over sea [Hammer, 2000]. It was however shown by [Btgk 2001] that most
of this signal is first order scattered radiance, and hencnalytical expression for
this component could be used. Under the assumption of a-plarsdiel atmosphere
the following expression for radiance scattered towardgellge is derived [Dagestad
and Olseth, 2005]:

3(cos®y))  cosd
16w cos¢ + cosf

where:d is the solar zenith angle; is the satellite zenith angle andis the "co-
scattering angle”/; is the solar constant of 1367 W/m2. According to the Appendix
of [Dagestad and Olseth, 2005] an optical depthf 0.0426 is representative for the
Meteosat-7 and 8 HRV channels, corresponding to an "eqentavavelength” of 680
nanometer.

Equation 3.7 is singular fat or ¢ at 90 degrees, but should have sufficient accu-
racy up to at least5° for a spherical atmosphere. The advantage of this expressio
compared to the one from [Hammer, 2000] is that it is not fitieadertain angular
configurations, and that it contains no signal from the srfar other atmospheric
components. The reflectivity is then calculated by:

[1— e (omtam)] (3.7)

Tatm = [o

W(C — Coff)Cf _ TT atm

= 3.8
P el cost) IycosO (3.8)

where;:

e Cis the raw Meteosat HRV counts
e C,;y isthe constant instrument offset (51 for Meteosat-8)
e ¢; = 0.56——" s the calibration constant

m?2.um-counts-str
o [, = 140:’>m2v_‘;m is the band solar irradiance of the Meteosat-8 HRV channet [G

vaerts and Clerici, 2004]
e cis the correction for varying sun-earth distance

The factorr is included to convert the reflected radiance to irradianudeu the
assumption of lambertian reflectance. This assumptiors@idsed in the next section.
For the calculation of the cloud indexcould be interpreted as the reflectivity of the
ground and clouds, although this is not strictly physicatect.

Calculation of the cloud index from the reflectivity

In the Satel-Light version of the Heliosat scheme [Fontaynd998] the (pseudo)
ground reflectivity is determined for each pixel and for eaobnth and slot. It is
however seen that the reflectivity depends strongly on thecattering angle, and
thus a parameterisation will be made to correct for this.
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Figure 3.8. Reflectivities for the Meteosat-8 pixels of 6 European gidess) calcu-
lated with Equation 3.8 for all Meteosat- 8 images betweeMasch and 31 August
2004, plotted as a function of the co-scattering angl@roken lines: third order poly-
nomials ofy fitted to 4 percentiles within each ten degree bin (0-10, @0eZc). Solid
lines: ground albedo calculated by Equation 3.10 by use ®fititocedure described in
section 3.7.2
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Figure 3.7.2 shows the reflectivity according to Equatidh@otted versug) for
six sites in Europe and the Canary Islands. For each of thesethe 4-percentile
value is calculated fog within each ten degree bin. A third order polynomial is then
fitted to these points, and plotted as broken curves on theefigihe mean of the
polynomials is taken, and normalised to the value Lj/fer 0°, to be used as a "shape
function™

Pyshape() = 1 — 0.59¢ + 0.11¢* + 0.05¢° (3.9)
wherey is given in radians. The ground reflectivity can then be estigu by:

pground(d)) = Pg0Pgshape (Q/J) (310)

wherep, is the reflectivity of the pixel for) = 0. This constant is determined by
taking the 4- percentile of a time series of reflectivitiegdid by the "shape function”.
To avoid noise) should be kept below0°. The advantage of this approach is that the
ground reflectivity can be determined once and for all, gpeifot of computer power.
Besides, the difficulty of determining the reflectivity foromths/slots with few clear
situations is also avoide@,, ..., from Equation 3.10 is plotted as solid lines on Figure
3.7.2. Still the ground albedo can be determined more frefyu account for effects
which are truly due to changes of the reflecting propertieh@fground surface (e.g.
snow cover and vegetative changes).

The upper boundary of reflectivities (cloud reflectivity)sisen to vary much less
with ¢ (or solar zenith anglé) and a constant value of 0.81 is chosenas.q, taken
as the 98 percentile of the counts. This is assumed to befthetiaty of the "thickest
clouds”.

The cloud index is than determined with Equation 3.6.

Validation and conclusions

The new cloud index algorithm, combined with the n-k relasioip [Rigollier et al.,
2004] and the SOLIS clear sky model, was applied to MSG-hta ttecalculate hourly
global irradiance. Table 3.2 compares the results of theamgwoach are compared
with the operational Heliosat-3 method including the usggroach to the cloud in-
dex as described in Section 3.7.1. It can be seen that theaamycof both methods is
comparable. However, an advantage of the new alternatyeitim requires signifi-
cantly less calculation time. Furthermore, it is likelytiathe existing method some
errors cancel out.

A more detailed validation and analysis including a segavatidation of the new
ground reflectivity scheme can be found in [Dagestad andtiQI2805]

32



Table 3.2: Root Mean Square Deviation (RMSD) and Mean Bias DeviatioBjiV
model-observation) for the new cloud index [Dagestad arsk@I, 2005] and the ex-
isting cloud index [Hammer et al., 2003]. The reference dgatahourly measurements
of global irradiances for the period 16 March to 31 August 200All measurements
are carried out with Kipp & Zonen pyranometers, and the datmanually quality
controlled by the respective data providers.

Number  Mean | New alternative existing (Sunsat)
of Observed cloud index cloud index

Station hours [W/m2] | RMSD MBD | RMSD MBD
Barcelona 531 1475 14.7 -6.4 13.7 -3.9
Bergen 280 2073 23.4 0.2 23.1 0.0
Freiburg 389 1753 17.1 -6.0 16.5 -3.3
Geneva 459 1656 14.0 -3.1 13.8 -0.6
Lyon 432 2003 13.1 0.4 13.6 2.5
All stations| 410 8960 16.1 -3.0 15.7 -1.0

3.7.3 Correction for cloud shades

The MSG hrv images revealed a large number of dark pixels.a#t fwund, that the

physical reason for these dark pixels are shades, esped@lid shades. In contrast to
Meteosat-7 the data of Meteosat-8 (HRV) is strongly contareid with such effects

due to their higher spatial resolution of 1 km * 1 km (Nadir).

To get around with this problem within the cloudy sky modulmadified ground
albedo algorithm was developed. It takes the incrementeftbund albedo iteration
into account. Assuming that the sequence of iterative ssegpsonotone falling func-
tion without shade contamination, an increasing increrdetgcts shades by a sudden
increase of the step width. This type of detection avoiddripat of fixed thresholds
between ground and shade reflectances which would not ke fealall places and
times. To maintain the process a new parameters introduced, which gives the
necessary enlargement of the increment. After the deteofia shade, the according
grey value is suspended from the sequence and the iteradids again.

As shade looks like a very dark clear sky situation, althoigha cloudy sky, the
next step is the construction of a sensibleud indexvalue for these cases. This is
done in the way of a reconstruction by taking advantage otifeel clear sky model,
which is defined by Fontoynont [Fontoynont, 1998] here. Saiomodel determines a
clear sky indexor a givencloud index Therefore, a shade value gives an according
clear sky indexand allows the assignment of a corresponditagud index Such a
reconstruction conserves the statistical propertieseihole procedure.

A comparison of calculated global irradiances with grourebsured data should
allow the optimisation of both parameterg, ..« andog. First results for Vaulx-
en-Velin between March 2004 and January 2005 show that theramity to reduce
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Tground IMproves the procedure significantbh (RM SE > 1%). Unfortunately, the
best results are generated with values f,,,s = os = 1. This means, that the pro-
cedure iterates the lowest available ground value besaelsland shades. It seems,
that systematic errors caused by a fixed valug gf,, are compensated under these
circumstances. Such an effect is found by E. Lorenz withénBEBA project ENVISO-
LAR.

This work has been described in more detail in [KuhlemannHertimer, 2005].

3.7.4 Variability correction for cloud index method

The existing Heliosat methods assume an isotropic clouelatesh. Consequently, the
rRMSE for heterogeneous cloud situations can be twice dsdsgor homogeneous
cloud situations [Hammer, 2000].

As part of the Heliosat-3 project the RTM model SHDOM was useitivestigate
the influence of three dimensional cloud effects on the aoyuof the Heliosat-method
[Girodo, 2003, Girodo et al., 2005 ]. Resulting from thisdsta correction to the clear
sky index was proposed that depends on the spatial vatiabilithe cloud index.
Such a correction is based upon the notion that the vamabiliclouds on pixel level
is correlated with the variability on subpixel level.

This concept was further developed as part of the PVSAT Z2ptdj.orenz, 2004],
and resulted in the following correction of the clear skydrd

. klg — biasy (kb var) (3.11)

corrected — Vo

where:
kY recteq 1S the corrected clear sky index.
. 1S the "old’ clear sky index as defined by equation 3.6.

. 2
biase(Kyg,var) = Qoo+ Ga1kig + Ga200r + Qo 3K + Qo akl var
2 *3 *2 * 2
+ aqsvar + aq ek 4 a7k gvar + aq gk var

+ amgvar?’ + amlok:jfdvarz (3.12)

« indicates a class of solar zenith angle, three classes le@redefined.
var IS a measure of the spatial variability and defined by:

1
var= NZ ((nij = nij1)? + (g —nicay)?) (3.13)
i

For Meteosat7 based data this method gave a considerabiaiempent of the bias
for winter months.

In the Heliosat-3 project a first test of this approach wasi@arout by applying
the above correction, as is, to MSG based data. No signifiogsmmovement was ob-
served. However, due to the smaller pixelsize of MSG dats tib ibe expected that
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the parametersa, = will need to be determined separately for an MSG based scheme
This will be carried out as part of the VIEM project.

3.8 New COD based cloudy sky scheme: CloudS (WP
3020)

3.8.1 Development

To derive a new “all sky” scheme for radiative transfer witthe Heliosat-3 project, a
new “cloudy sky” scheme has been developed. The goal of ik is the replacement
of Cloud Indexbased calculation schemes like the Heliosat-1 procedure.

The new “cloudy sky” scheme CloudS modifies the “clear sksdidiance given by

SOLIS (Section 3.6) and uses information about clouds pexby the APOLLO pro-
cedure. APOLLO has been developed at DLR (Section 3.2) angtaducts contain
the optical depthr,, the cloud fraction, three different altitudes, two di#at cloud
types and in the future probably effective droplet radji; of clouds. These data are
calculated from several visible and infrared channels awe la spatial resolution of 3
km * 3 km (Nadir), if APOLLO is applied to Meteosat-8.
While RTM'’s are too slow for operational use, these modedsused for parameteri-
sation of radiative transfer. Here, the investigationseadwne by using the radiative
transfer software SBDART, which allows the simulation afatcovercast situations.
After sensitivity studies of the effects of cloud altitudedethickness on irradiance at
ground level, the wavelength dependence of such effectsiudged.

Finally, it was decided to parameterise the radiative fiearthrough clouds for all
Kato-bands (wavelength dependence) with a representwe drom 1 km to 2 km
height.

An atmospheric profile foMidlatitude Winterwas chosen, not to have too strong
water vapour effects. Furthermore, the atmosphere hasdererol-free to ensure the
general applicability of the results. An isotropic groustl@cting model for vegetation
has been chosen within SBDART, because it is the closede®ai measurement. An
implicit construction of the following type has been usedprameterise radiative
transfer through clouds with properties. s, and with varying solar zenith angt

]Cﬂoudy

Ig?DiAfyT = f(1.(0(ress)));  Te €0;300];0 € [0: 80); 75 € [6:50] (3.14)

SBDART

Commonly used radiative transfer relationships have netseccessful when ap-
plied. A screening of numerous functional relationshipalfinresulted in the follow-
ing set of equations:
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ai

f(re) = Trarr (3.15)

a; = a1(0©) = aj; — ajg *x O3 (3.16)

ay = az(0) = a9 + a9y x O (3.17)

aj = aj1(refy) = G X Teff +ajis*rers; J€(1,2); (3.18)
Aj12 + Teff

aje = ajp(repr) = ajox (L4repp)¥; je(1,2); (3.19)

a3 = aj3(regr) = ajsx(L4repy)™; j€(1,2) (3.20)

The resulting parameterisation gives 14 coefficientsfor each Kato-band [Kato
et al., 1999] (4-29 corresponding to wavelength [307 nm, 3002 nm]).

3.8.2 Validation

To get a first idea of the quality the whole target space has bakeulated with the
new parameterisation CloudS and compared with the ori@B&IART results. There
are two complicated situations. For very small optical Hegrtd small solar zenith
angles the intensity does not decrease compared to the Segacase, but the param-
eterisation is not able to reproduce this. Secondly, fadaptical depth (and small
irradiance) deviations between SBDART and CloudS incretesily.

In a second validation step APOLLO (adapted to Meteosae8yed properties
of clouds have been used for Vaulx-en-Velin. Because of thenbary conditions of
SBDART only situations with cloud fractions 1 - total ovestaare used. For compar-
ison direct calculations with tHébRadtransoftware have been donéRadtranuses
the SBDART solver as well, but withilbbRadtranit is possible to define aerosol and
water vapour content individually, and this has been dorbk @limatological values
for Vaulx-en-Velin. Therefore, thibRadtranresults set an upper limit to the accuracy,
achievable with CloudsS.

Finally, the accuracy of the SOLIS scheme using@heud Indexpart of the old
Heliosat-1 procedure is given to evaluate the overall tyah typical diurnal varia-
tion of irradiance measured and calculated with three nusti®given in Figure 3.9.
The figure illustrates that the quality of thieRadtran calculations using APOLLO
products as input does not match that of the SOLIS/Cloudxisdeeme, but reveals a
positive bias. Therefore it would be of interest to investey wether this belongs to the
boundary conditions used withiilbRadtranor to the quality of the cloud information,
provided by APOLLO. A second result is, that the quality af trew parameterisation
CloudS shows an additional bias. A detailed investigatioime reasons reveals, that
this does not belong to the ideal, unrealistic descriptibthe atmosphere - a lack
of many scatterers - and the “wrong” ground reflection, buh®inaccuracies of the
functions used to parameterise. However, it is necessadliate CloudS with other
sites of measurement and for all seasons, to get a closer look
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Vaulx-en-Velin (3 May 2004)
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Figure 3.9: Example (of good quality) for the diurnal variations of thielgal irra-
diance in Vaulx-en-Velin on May 3rd. Calculations using ARO products (libRad-
tran, CloudS) were done only for total overcast situatiofsr comparison ground
measured data and SOLIS/Cloud index results are given.

To get quantitative information about the quality of all meds used, a statistical
comparison is given in Table 3.3. It presents RidSEand thebiasfor comparisons
between the 3 methods and the ground measured data for titasmdarch - August.
The table shows comparably small deviations between Clamnd8bRadtran while
the deviations from ground measured data are significaautiyel.

To improve the quality of CloudS, a different function forpmeterisationf(7.) =
(ay + as * 7.)*) would allow a more accurate description. To reduce the sszoy
number of coefficients it is possible to omit the variahlg,, at least as long as this
APOLLO product is not available. For this case a mean value gf= 8;m can be
used. After such a reduction of the problem it might be alsssjiide to test functional
compositionsf(7.) = fi(7.) + f2(7.), which would probably solve the complicated
situation for low optical depths<( 5).
To get a new “all sky” scheme, it is necessary to investighte handling of the
APOLLO product “cloud fraction” and related to that, theusition for broken cloud
situations. Finally, the quality of APOLLO products in geales to be investigated.
Fortunately, it is already on the way within the ESA proje®\HSOLAR and the
Virtual Institute Energy Meteorology (VIEM).
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Table 3.3: Intercomparison between 3 different methods to derivealloladiances
in total overcast situations. Calculated results are compawith ground measured
data (Ground) for Vaulx-en-Velin for April to August 2004. oMhly averages of
data with 15 minutes time resolution are given. libRadtraib) and Parameter-
isation (CloudS) values are calculated with a standard waleud between 1 km
and 2 km height, effective droplet radii of;8n, and the optical depth, derived
from Meteosat-8 with APOLLO. For evaluation the errors of ®OLIS/Cloud index
(SOI/CI) method are given as well. It should be noted that B&lS/Cloud index
scheme uses HRV data which have a higher spatial resolusidileachannels used for

the APOLLO/libRadtran scheme.
Comparison Error March | April | May | June | July | August

SO/CI - Ground| RMSE(%) | 44.44 | 47.72| 40.75| 36.64| 50.16| 46.24
SO/CI - Ground| bias (%) 0.75 | 12.76| 10.93| 1.16 | -1.65| 4.25
Lib - Ground| RMSE(%) | 55.70 | 65.15| 55.55| 49.58| 80.57| 74.83
Lib - Ground | bias(%) 2476 | 23.35| 11.68| 6.95 | 13.02| 14.24
CloudS - Ground RMSE(%) | 64.05 | 80.32| 65.48| 54.66| 81.23| 76.02
CloudS - Ground bias (%) 35.57 | 44.03| 28.44| 20.18| 23.20| 24.74
CloudS - Lib| RMSE(%) | 11.89 | 20.80| 19.49| 17.39| 14.16| 14.02
CloudS - Lib | bias(%) 8.67 | 16.76| 15.01| 12.37| 9.00 | 9.18
Total overcast 313 595 | 498 | 427 | 267 428
cases
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3.9 The all weather module (WP 3020 / 3030)

The actual irradiance is calculated from the MLB-paranssfiemm the SOLIS clear sky
module and cloud index images provided by any of the cloudutesdare combined
in the all weather module n2irr. n2irr is based on the modldactindex2G from the
Heliosat-1 procedure.

3.9.1 Technical adaptations

The n2irr module can work with Meteosat-7 as well as MSG dedallow this techni-
cal adaptations were necessary to deal with: differentérefadmats, different spatial
and temporal resolution and different file formats.

3.9.2 Direct and diffuse irradiance (WP 3030)

In Heliosat-1 the direct and diffuse irradiance are deriusithg the Skartveith Olseth
method [Skartveit etal., 1998] that uses the clear sky i@arace and the extra terrestrial
irradiance as input. The SOLIS clear sky module providesatiditional information
of the clear sky direct irradiance. Consequently it has lpeesible to develop a new
method to derive the (all weather) direct irradiance [EHEIgt2003]

[dir = Idir,clear * (k —Ax (1 - k))b (321)

where k is the clear sky index and A and b are empirical pararset
The diffuse irradiance can then easily be derived by sutigthe direct irradi-
ance from the global irradiance.

3.9.3 Spectrally resolved all weather irradiance (WP3040)

Scattering of light against cloud particles changes thetsaledistribution of irradiance
under clouds compared to the clear sky irradiance. The uoperational version of
the cloud module gives only a wavelength independent cloddx value. A correc-
tion to the clear sky irradiance spectral distribution feougly situations, in the form
of look-up tables, has been developed using the RTM modekliran [Mayer and
Kylling, 2005].

3.10 Angular distribution (WP3030)

An important input of ray tracing models used in architegtigrthe sky luminance dis-
tribution. This parameter is not routinely acquired, evehis recommended by the
CIE. A modelisation of the sky vault luminance distributimased on a radiative trans-
fer models is not feasible with the actual input paramet&nsattempt was conducted
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in Geneva to correlate the a-symmetry of a real sky distobuvith 41x41 pixels
satellite images, but without significant results. Exigtsymmetric sky luminance
distribution models are evaluated in the present work, aadmmendations are given
for the use of them. In the present context and taking intoaaicthe small quantity of
data and input parameters, it was not possible to increaszctturacy of the sky lumi-
nance distribution models. A performance comparison waslacted on a 10 weeks
measurements period for 9 models that confirm previouslighdd validations. Two
models are slightly better, the ASRC-CIE and the Perez Mol first is a discrete
model based on look-up Angular distribution of the diffubenminance 2005 tables,
the second is a mathematically continuous model [IneicB8A5b]. All the models
use irradiance or illuminance components as input parameide conclusion of the
present study is that the indirect way (i.e evaluation ofgkeluminance distribution
on the basis of irradiance and/or illuminance parameteilsgves the best results,
even if the sky distribution can only be symmetrically moelél The modelled lu-
minances are normalised by the diffuse illuminance; it exé¢fore important to have
access to good quality input parameters.

3.11 Spatial irradiance structure (WP 3050)

3.11.1 Measures for the local spatial variability of the irradiance
field

A measure for the local variability of the cloud index is reeqd for the variability
correction of the cloud index method (Section 3.7.4), a3 agfor the split of global
irradiance into its diffuse and direct components. Two alaitity measures are cur-
rently in use, the standard deviation of the data within a Bk of pixels and the
variability index defined in Equation 3.13. The measuresatadentical, it is there-
fore of interest to investigate their correlation in viewaopossible interchange in the
procedures using the measure.

This study a 10-day sample of cloud index images with a seafd660 x 480
Meteosat8 pixels covering Germany is analysed. Examplesabbud index image,
a local stadard deviation image and a variability index immegn be found in Figure
3.10. As may be noticed, the visual appearance of the twabiity maps is quite
similar. A quantitative analysis results in a cross cotretecoefficient of 0.96 for this
pair of images. Repeating this analysis for the 12:15 clijairglex images for all 10
days analysed gives an average cross correlation coeffafi€ro4.

The analysis reveals that the measures ’local standaratd®vi and 'variability
index’ mainly render the same information for the cloud mdeages analysed. Thus
it may be expected, that the procedures using these meatheesriability correc-
tion of the n-kt* relation and the split of the global radatito its direct and diffuse
components may as well be based on a unique measure.
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(b) Cloud local standard deviation

(c) Cloud variability index

Figure 3.10: Cloud index and cloud index variability, October 12th 2002h15.



3.11.2 Spatial statistics of irradiance data

The knowledge of the spatial structure is of importance fihbthe merging of satel-
lite and ground station data to gain optimal knowledge amdappplication of solar
irradiance data for applications that involve networks spatially distributed struc-
tures. Treating these topics, the representation of th@asmaoss-statistics of the
irradiance field as expressed by the cross-correlatiortifumor the variogram play an
important role.

Data from the network of ground stations installed on thedbamsland and the
Heliosat3 derived irradiance data for respective pixedsiemed to compare the satel-
lite derived cross-statistics with their ground statiomivkd counterparts. For the
present study 15min averages of radiation data from 8 stataxated on the Islands of
Fuenteventura (3 stations), Gomera, El Hierro, Lanzatbstgtion each) and Tenerifa
(2 Stations) for the month of December 2004 have been sdlecte

An analysis of single point data shows that the satellitex daderestimates the
variance of the ground data on the 15 minute timescale.

The correlation of the claer sky indeces at two differenatans can be expressed
with cross correlation coefficient&ee [Beyer et al., 2005]). Cross correlation coef-
ficients calculated from satellite data in good agreemettt woefficients calculated
from ground data.

As a second measure for the spatial structure of the cleainslgx fields, the
average squared difference of the clear sky index is inededthis measure is selected
due toitsimportance in calculating the variogram of thealfi&/hen applied to satellite
data the results show a significant underestimation cordgarground data. This is
due to the variance underestimation noted above. After alisation with the variance
the agreement improves and a correlation coefficient of 0&veen satellite and
ground data is obtained.

Based on the example analysed it may be concluded that tiedpasial structure
i.e. the co-occurrence of positive and negative deviatitore the mean at two loca-
tions is well represented by the Meteosat8 based Heliosdt8 és a shortcoming, it
has to be stated that the satellite derived data are not@btgpe with the variability of
the 15 minute means of the ground data. Even with the impregatal resolution of
the Meteosat8 images the dynamics of the satellite derivadiance field are reduced.
It may however be expected that that based on a higher nurmigeound data sets a
correction procedure for the satellite derived variapititeasured could be identified.

A more detailed description of this work can be found in [Begtal., 2005].

3.12 Solar Energy processing Chain (WP 4010)

Aim of WP 4010 was to implement test and begin a routine pingschain for solar
energy specific data. In practice the work consisted of theviing steps:
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1. Installation of hardware and software for the receptibM8G data at Olden-
burg University.

2. Setup of a back-up mechanism for MSG images in co-ordinatith DLR.

3. Adaptation of the existing Heliosat-1 software and pssagy chain for the use
of MSG data.

4. Adaptation of the new Heliosat-3 software and processivagn for the use of
MSG data.

5. Further automation of the Heliosat-3 software as dewzlop WP 3000.
6. Adaptation of the Heliosat-3 software

7. Setup of a semi-automated data exchange to facilitatetttation of the Heliosat-
3 procedure

The adaptation of the existing Heliosat-1 software is dbedrin detail in Section
3.7. The validation of the Heliosat-3 method had a large lanity with the normal
operation of the solar energy processing chain: It requihedproduction of large
quantities of irradiance data for several locations andettehange of this data with
the project partners via the projects webserver. The dataseded to be updated
regularly due to new improvements to the software and theaditity of new MSG-
data.

The components "katoshell” and "n2irr” from the working s&m of the Heliosat-
3 software (deliverables D8.1 and D8.2) were designed tutatke short time series
for a single point. To facilitate the validation of the Hedai-3 procedure and future
implementation in the day-to-day operation, the softwaas &wdapted so that irradi-
ance values could be calculated for several locations amadatnary long time period.
The upload of the data to the webserver was also semi-autdmat

Furthermore, work packages 3050 WP 3050 (Spatial irradiatraicture) and WP
6020 (Solar Thermal Power Plants) needed irradiance aiabvi#ty maps. Therefore,
a separate version of the Heliosat-3 software was develtpedlculate irradiance
maps.

Further integration in the day to day operation of the Helig® software will take
place as part of the ENVISOLAR project.

3.13 Climatological Processing Chain (WP 4020)

This WP aimed at realising, implementing and testing a cf@ithe routine process-
ing of MSG data with emphasis on climate research and atneospdpplications. The
major tasks were:
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e integration of retrieval data and basic MSG data into preicgschain,
e conditioning of the processing system (set up of look-ujesbtc.)
¢ implement intelligent mechanisms for effective and usiemfdly access to results

¢ definition of different product levels (primary, secondaryaccording to customer
needs

¢ quantify benefits of the improved/new products.

These tasks of WP 4020 are similar to those of WP 4010 but Wwétaddition that
the targeted application in WP 4020 is oriented towards-@ngn irradiance data with
an emphasis on climatology-related topics (long-term ts@ees, GIS, cartography).
This implies the set-up of a parallel processing chain siheesingle steps have to be
performed on different data sets, with different goals (iger needs) and under differ-
ent time constraints. Actually, these tasks were not aeki@v their integrality in the
framework of the project Heliosat-3, mostly because of takyk in previous work
packages, caused themselves by delays in satellite apegatievertheless, a number
of activities were held that will benefit to the establishtnafithe climatological chain
which will take place even if the project is finished. In brigfese activities were:

e construction of an hybrid chain, working in real time sin@bFuary 2004

e gaining experience in MSG operation, real-time acquisitth MSG data, daily
management of troubles

e testing, validating some solutions in computer systenglukge structure, process-
ing speed

e testing some solutions in image processing and ground alimeshagement

e preparing an operational chain: design and modelling

¢ test exchange of data with DLR

e providing outputs of the hybrid chain to selected custorf@rgesting

Conclusions are:

e the hybrid method can process MSG data efficiently

e it can run very fast, every 15 minutes

¢ the same chain can operate also off-line

e several tools have been tested and improved

e testing customers provide some feedback on products

44



Table 3.4: Inputs for the wavelength dependent aerosol optical defithe Shettle
typology gives a wavelength dependent AOD.

input | time scale reference

default Shettle classification. half yearly [Shettle and Fenn, 1976]
i.e. urban, maritime, rural

SYNAER climatology yearly Section 3.4
Shettle classification half yearly (Shettle)

scaled with GACP monthly (GACP)  [Mischenko et al., 2002]

Table 3.5: Input for atmospheric water vapour in the SOLIS clearsky uhed

input | time scale reference
default value O. 00 -
NVAP monthly  [Randel et al., 1996, Simpson et al., 2001]

3.14 Validation of the operational Heliosat-3 irradi-
ance calculation scheme (WP 5020)

3.14.1 Operational Heliosat-3 irradiance scheme

The COD based irradiance scheme is promising but could ndebeloped to a stage
it could be included in an operational scheme (see sect®)na8thin this project. As
an alternative an operational scheme was developed thaistenf the SOLIS clear
sky module, an MSG optimised Cloud index module and the MS#ptadi all-weather
module (see Figure 3.1).

The SOLIS clearsky module is designed to use satellite b@seat) real time at-
mospheric data as input (see Sections 3.3 to 3.5 and 3.G@pridismeseries of satellite
based data have been prepared for the aerosol, water vamborzane content of the
atmosphere. However, these data were either availablenfpiagart of the validation
period, or for an earlier period. Therefore calculationsenmearried out with several
climatological datasets of atmospheric parameters, tiead@scribed in Table 3.4 and
3.5. A default value was used for ozone, since this plays ambje in the UV region.
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3.14.2 Global horizontal irradiance

The global horizontal irradiance calculated was validatét pyranometer measure-
ments from meteorological stations across Europe. Tabie8 3 and 3.8 show the re-
sults of the validations performed at LASH-ENTPE, ITC an®lhespectively. All of
the results shown here use the same SOLIS clear sky modetsidefrom SYNAER
and water vapour from NVAP.

Dumortier and Roy validated for a slightly longer time-perthan Dagestad, hence
the differences for Freiburg and Vaulx-en-Velin betweehl&s.6 and Table 3.7.

Except for a few stations, the Mean Bias Deviation (MBD) amsbRMean Square
Deviation (RMSD) are small and well within the objective betproposal for the
project. For monthly, daily and hourly values of global fzontal irradiance the aims
were a RMSD of 5%, 10% and 20% respectively. Only one statiaf high latitude,
Bergen at 60.4 degrees north. Here a relatively large RMSR3ai% for hourly
irradiances is found. This station also gives higher RMS@ntthe other stations for
similar solar elevations and values of the cloud index, $® ¢bnfirms the expected
result that the Heliosat algorithm gives generally loweruaacy for higher satellite
zenith angles. However, it is found that the frequency itlistron of irradiances is as
good for Bergen as for the other sites, although the hour by hnatch is lower.

For the stations at the Canary Islands (Table 3.8) the MB2ienlly quite large
(model gives too high values), except for one station, |Zasdg), with an underesti-
mation of 15%. (Note that the station is located at an elewaif 2398 meters, whereas
all other stations are below 1000 meters) At many of thes@atamore than 60% of
the situations were cloud free, and therefore it is likelgt e reason of the overesti-
mation is that the clear sky model gives too high values ferGlanary Islands. (For
the station at Teide the high elevation is a likely explaoafior an underestimation
instead). This demonstrates that the SOLIS model only sitewegnefits when the in-
put data are representative of the time and location. Theartiom believes in further
improvements of the results when operational retrievatmiospheric parameters are
used as input to the SOLIS model.

The figure on page 46 illustrates that the Heliosat-3 esamegproduce the 15
minute variations of solar radiation remarkably well. Thlis/ery important for any
application which depends on the dynamics of solar radiatiche finer time resolu-
tion of Meteosat-8 than previous satellites makes suchastis possible.

The validation by Knut-Frode Dagestad (Table 4) also shoemaparison against
hourly global irradiances retrieved from Meteosat-7 dath e Heliosat-1 algorithm
Fontoynont et al. (1998). Where the Heliosat-1 algorithaegian overall RMSD of
18.3 percent, the Heliosat-3 algorithm using MSG data staswsprovement with an
RMSD of 15.7 %.
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Table 3.6: Results from the validation of global irradiances calceladtwith the oper-
ational Heliosat-3 method performed by Dominique Dumodid ASH-ENTPE [Du-
mortier and van Roy, 2005]. The three first columns show th@ Riean Square De-
viations (RMSD) given in percent of the mean observed 15tmidaily and monthly
sums respectively. The last column shows the MBD (modeleradison) calculated
for the 15 minute value, also given in percent of the meanrghtens.

RMSD MBD
Station 15min daily monthly| 15 min
Bratislava 23.3 8.5 3.8 3.8
Freiburg 224 6.6 24 -1.9
Nantes 322 15.8 10.8 -94
Vaulx-en-Velin 21.7 7.6 6.2 3.4
Penteli 17.0 7.9 7.1 -5.2
Thission 16.2 6.7 2.8 -1.9
All stations 22.1 8.9 5.5 -1.9

Table 3.7: Results from the validation of global irradiances perfodiry Knut-Frode
Dagestad at the University of Bergen. The validation peniods from 16 March
to 31 August 2004. The version of Heliosat-3 is the same abdrvalidation by
Dominique Dumortier (Table 3.6). The Root Mean Square Dmna (RMSD) and
Mean Bias Deviations (MBD, modelled observed) are givenercgnt of the mean
observed hourly, daily and monthly values respectively.

Method Heliosat-3 Heliosat-1
Satellite MSG Meteosat7
MBD RMSD MBD | RMSD
Station hourly | hourly daily monthly| hourly | hourly
Barcelona -3.9 13.7 8.1 6.1 0.4 15.9
Bergen 0.0 23.1 9.6 3.0 9.3 29.1
Freiburg -3.3| 165 9.2 30 -14 18.5
Geneva -0.6 13.8 8.5 3.0 0.4 15.9
Vaulx-en-Velin 2.5 13.6 8.2 2.2 1.6 14.7
All stations -1.0 15.7 7.2 2.6 2.6 18.3
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Table 3.8 Results from the validation of Heliosat-3 for 15 minute eslwf global
irradiance performed by Antonio Ortég Gallego at ITC. The period of validation is
different from station to station and is shown in the secooldron. The version of
Heliosat-3 is the same as in the validation by Dominique Duigio(Table 3.6). The
Root Mean Square Deviations (RMSD) and Mean Bias DeviatiptiagD, modelled
observed) are given in percent of the mean observed houwily, @nd monthly values
respectively. Results are shown for two different clear relogels: SOLIS and the
model used by the Satel-Light project [Fontoynont, 1998].

NIr. Mean Heliosat-3 Heliosat-1
of Observ.
Station Time period Obser- Irrad. MBD RMSD | MBD RMSD
vations [W/m2]| [%] [%0] [%0] [%0]
Pozo Mar 04 -Jan 05 12426 51055 4.6 15.1] 6.0 15.8
lzquierdo
Las Palmas | May 04 - Jan 05 10035 43046 11.8 26.5| 8.5 25.2
Maspalomas May 04 - Jan 05 6988 463.2 16.2 28.2| 20.7 31.0
Santa Aug 04 - Jan 05 5943 367.2 12.9 27.3] 17.1 30.2
Brgida
Mogn Aug 04 - Jan 05 5943 4123 12.8 29.2| 20.7 34.4
Betancuria | Aug 04 - Jan 05 9390 489.3 5.5 17.8| 9.2 19.6
Caadas Aug 04 - Jan 05 8701 4991 3.9 17.6| 6.9 18.7
del Ro
El Cotillo Aug 04 - Jan 05 4677 4571 3.8 16.3] 6.5 17.8
San Jun 04 - Dec 04 7950 518/0 6.5 16.1| 10.7 18.5
Sebastian
Valle Aug 04 - Jan 05 5872 4269 9.8 29.7| 153 32.2
Gran Rey
Valverde Aug 04 - Jan 05 8107 367.2 35.6 51.2| 35.0 50.6
La Restinga| Aug 04 - Jan 05 9234 4824 12.8 24.9| 18.6 27.9
Janubio Aug 04 - Jan 05 8460 4548 12.8 25.0f 16.9 27.6
Los Valles | Aug 04 - Jan 05 3429 468.6 10.7 219 8.5 21.2
Santa Cruz | Sep 04 - Jan 05 4937 3151 16.7 38.2| 15.7 37.8
de LP
La Laguna | Sep 04 - Jan 05 9685 481(3 6.9 23.0 11.7 25.0
Puerto Sep 04 - Jan 05 5275 4216 0.2 29.1} 34 30.6
de la Cruz
Santiago Sep 04 - Jan 05 6033 5068 3.4 18.0| 9.5 21.3
del Teide
Granadilla | Aug 04 - Jan 05 4335 4347 13.1 25.8 17.3 28.3
lzaa Mar 04 - Dec 04 9284 623.8 -15.5 24.1] -9.6 21.0
(Teide)
Average 7335 465.51 8.8 24.7| 12.0 26.1
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Table 3.9: Results from the validation of diffuse irradiances cal¢eathwith the opera-
tional Heliosat-3 method. Climatological values from thRENRAER and NVAP datasets
have been used for aerosol and water vapour, respectiveig three first columns
show the Root Mean Square Deviations (RMSD) given in pecfehé mean observed
15 minute, daily and monthly sums respectively. The lasinenlshows the Mean Bias
Deviation (MBD, model - observation) calculated for the 1iue value, also given
in percent of the mean observations. Since the MBD is indigerof the time-scale
it is only given for 15 minute values.

RMSD MBD
Station 15min daily monthly| 15 min
Bratislava 34.3 16.3 10.1 -9.3
Freiburg 335 16.6 2.5 0.3
Geneva 36 - - -5
Nantes 39.5 18.7 8.9 -7.2
Vaulx-en-Velin 32.8 14.8 4.8 -1.4
Penteli 33.2 195 74 5.7
Thission 32.7 16.9 19 -16
All stations 343 17.1 59 -4.2

3.14.3 Diffuse and direct Irradiance

Direct irradiance is of importance for planning, design geaformance control of
solar energy systems using concentrators, such as sotarghelectric systems (see
Section 3.16) and concentrator photovoltaic cells. Morerat is necessary to know
how the global irradiance is divided between direct ancuggfirradiance in order to
calculate the irradiance on a tilted plane.

Within the operational Heliosat-3 scheme the direct iade is calculated with
equation 3.9.2. Diffuse irradiance is calculated by suting this from the global
irradiance. The diffuse fraction model of Olseth et al. P8 used by the reference
Heliosat-1 method.

Table 3.9 shows the results of the validation for 7 sites iroge.

The RMSE of the Heliosat-1 method is comparable with the ds$ali-3 method.
However the MBE of the Heliosat-3 method is significantlytbethan the reference
method.

It was found that the Heliosat-3 method this method gaveebetsults than using
the diffuse fraction model of Olseth et al. (1998) which gaiig overestimated dif-
fuse irradiance. The new method also ensures consistenbgitrall parameters are
calculated using only the cloud index and the SOLIS scherheréelare two indepen-
dent validations of diffuse irradiances. Pierre Ineicheanid an RMS of 36% and a
MBD of -5% (model observation) for 15 minute values for thatiein of Geneva.

The mean RMSD and MBD for 15 minute values are similar to whdbund by
Pierre Ineichen; 34.3% and -4.2% respectively,
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Table 3.10: Results from the validation of global and diffuse illumioanThe results
are calculated using the cloud index from the University édegbburg and the SO-
LIS clear sky model with climatological values of aerosadsf SYNAER and water
vapour from NVAP. The illuminances are calculated from thadiances using the
luminous efficacy model of Perez and with the spectral iatégn of SOLIS spectral
bands (global illuminance only). All numbers are given ascpetages of the mean

observations. o _ o
Global illuminance Diffuse illuminance

Perez SOLIS Perez

Station| RMSD MBD | RMSD MBD | RMSD MBD

Bratislava| 23.1 5.6 26.9 12.8 | 33.3 4.8

Nantes| 32.1 1.8 33.4 5.9 38.4 54

Vaulx-en-Velin| 20.7 3.3 23.5 10.3 | 31.3 1.2
Penteli| 17.4 -6.6 | 16.2 -0.2 |- -
Thission| 17.2 -75 [ 16.0 -29 |- -

All stations | 22.1 -0.7 | 23.2 5.2 34.3 3.8

3.14.4 llluminance

One of the advantages of the new Heliosat-3 scheme is thanides spectral output.
(see Sections 3.6 and [EHF et al., 2003]). llluminance caddtermined by numeri-
cally integrating the product of the spectrally resolveddiances and a sensitivity of
the eye filter.

Comparing with observed illuminance, it was found that tinisthod gave best
results for the two Greek stations Penteli and Thission thatt the Perez luminous
efficacy model gave better results for the stations Bratsl&dantes and Vaulx-en-
Velin. He suggests improvement by using spectral bandshadrie more suited to the
various applications. For daylighting he believes theeeearough spectral bands, but
that they are not ideally defined. However, for this validatclimatological values
were used as input to SOLIS. A better accuracy for this vargoexpected when
near-real-time data will be used in the near future. Takl® 3hows a validation of
global and diffuse illuminance using the Perez luminousadfly model and the SOLIS
spectral method (global illuminance only).

3.14.5 Irradiance and illuminance on atilted plane

As part of the investigation into the applicability of theewptional Heliosat-3 scheme
for daylighting calculations, the accuracy of illuminarzadculations for the sloped
plane was investigated in [Dumortier and van Roy, 2005]. Secstudy for Vaulx-
en-Velin showed that it was better to compute slope illumaga(especially non-south
facing slopes) using sky luminance models instead of thelgisd models used so
far in the Satel-Light or SODA projects. In agreement with thork on luminance
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Table3.11: Summary of the results of the validations of the solar radraparameters
shown in Tables 3.6 to 3.10. The second column lists thertataber of sites for which
the actual parameter has been validated for the actual ratiggn time. All values for
RMSD and MBD are given as percentage of the mean observee.valu

Parameter and Number Rangeof Mean Range of Mean
integration time of sites RMSD RMSD MBD MBD
Global irradiance

15 minute 27 15.1-51.2 242 -155-356 6.4
hourly 5 13.6-23.1 16.1 -3.9-25 -1.1
daily sum 11 6.6-15.8 8.8 -9.4-3.8 -1.5
monthly sum 11 2.2-10.8 4.6 -9.4-3.8 -1.5
Diffuse irradiance

15 minute 7 32.7-395 346 -9.3-0.3 -4.3
daily sum 6 148-195 17.1 - -
monthly sum 6 1.9-10.1 5.9 - -
Direct irradiance

15 minute 2 35-37.4 36.2 -3.1-3 0
Global illuminance

15 minute 5 17.2-321 221 -75-5.6 -0.7

Diffuse illuminance 15 minute 3 31.1-384 34.3 1.2-54 3.8

distributions, it was found that the ASRC-CIE model [Per&z.e1992] gave the best
results. This approach can probably be extended to radidistiébution and irradi-
ances. The use of sky luminance/radiance distribution fsadgroduce illuminances
or irradiances on slopes is promising, even though it neadsdr validation. Having
a distribution of illuminance also makes it easier to ineltlle effect of obstructions.

3.14.6 Conclusions

The operational method was validated with pyranometer flata European meteo-
rological stations. The average RMSE for all test-sites 24%, 14% , 9% and 5%
for 15 minute, hourly, daily and monthly data respectivdlize accuracy goals set in
the proposal, an RMSE of 20%, 10%, and 5%. for hourly, daity mwonthly values of
global horizontal irradiance have therefore been achieved

The use of MSG-data rather than Meteosat-7 data resultededwtion of the
RMSE of hourly data of on average 1.5%. For north-west Euanpest sites the results
of an MSG-adapted Heliosat-1 method and the operationabstt3 method were
comparable. For Mediterranean and Canary island test thieesleliosat-3 method
gave an RMSE reduction of two percent point, and an MBE redncif 4 percent
point.

An overview of all validations can be found in Table 3.11
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A more detailed description of the validation can be foundDagestad et al.,
2005].

3.15 Example Application: Grid Connected Photovoltaic
Systems

3.15.1 The PVSAT procedure

PVSAT is a remote performance check for grid connected PYesys No hardware
installation will be necessary on site. The site specifiaisiotadiation data is derived
from satellite images rather than from ground based meammes. On the basis of
monthly irradiation time series, monthly values of PV systgeld will be calculated
and distributed automatically towards the system operdderor she may then com-
pare the estimated production to the real production metating.

The PVSAT procedure is based on three main components:

e A data base of PV system configuration data
e A satellite image processor
e A generic PV system model

The interaction between these components is depicted urd-§,11 and will be
explained in the following.

A PC-based data base contains geographical, componenparatar related data
for each individual system. The entries in the data baser¢bedollowing details:

e Addresses of PV system site and of operator
e Geographic coordinates of the site

e Orientation and tilt angle of PV system

e Horizon obstruction at the site

e Manufacturer and type of PV modules

e Size and wiring scheme of PV generator

e Mounting technique of PV generator

e Manufacturer and type of inverter

These data are collected once for each participating system

Global horizontal irradiation on ground is (was) estimdtean the pixel values in
the VIS channel of METEOSAT 5, 6, and 7. The operational PV$&{dtine used a
modified HELIOSAT version [Cano et al, 1986, Beyer et al., @9 cluding further
improvements made by the SATELLIGHT team [Hammer et al. 81.9%his version
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Figure 3.11: Overview on the PVSAT procedure.

was called HELIOSAT-2 sometimes. In consecutive stepsijrthdiation on a hori-
zontal plane is converted to the tilted plane irradiatiorg a local horizon obstruction
is taken into account.

At the end of each month, individual yield values are cal@ddor all PV systems.
For this purpose, a generic system model is fed with the corsigpn data and ac-
cording irradiation time series. The model has been set g tise simulation system
INSEL, which has been developed by the Oldenburg Univefkiiyher et al, 1991]
and which was used for numerous system simulation and ei@iyaurposes [Gabler
et al., 1994]. The model incorporates the following effects

e PV IV-curve according to a 2-diode-model
e Temperature dependency of IV-curve

e Losses due to dust or soil on modules

e Ohmic losses in wiring

e Module mismatch losses

e MPP-tracking inaccuracy

e Inverter losses

¢ Inverter power limitation
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The interface between the data base (running on MS-Windewd)the system
model (running, as the satellite image processor, on Unighinas) is based on e-
mail. Therefore, several distributed data bases may aticed3VSAT server without
interference. The results of the model calculation aresfeaned back to the data base,
from where they are distributed (mailed, faxed or e-maitedhe individual system
operator. He or she may then compare the estimated produotibe real production
meter reading.

3.15.2 Algorithms and data needs

The main goal of the irradiation routine is the estimatiosité specific in-plane irra-
diation, including effects of orientation and horizon abstions. Additionally, infor-
mation on the reliability of the irradiation values would tdegreat use.

Input values of global irradiation on the horizontal plane diffuse irradiation on
the horizontal plane (equivalent to the use of direct nonmatliation) are provided
by the HELIOSAT-2 algorithm. Thus, the accuracy of the HEBW&T-2 method has
direct influence on the overall accuracy of PVSAT.

The calculation of irradiation on the PV module plane acoaydo orientation, tilt
angle uses the Klucher model [Klucher, 1997]. At this stdlge,horizon obstruction
is taken into account. The horizon line is defined as a poly@btevation angle vs.
azimut angle) for each individual PV system. Using this goly, the position of the
sun is checked for being above or below the horizon. Theshffcradiation is reduced
proportional to the fraction of the sky vault hidden by theibon. For this reason, the
Klucher model was extended by own routines.

Result of these calculation steps is a one-month time sefi@9-min (now 15-
min) values of irradiation on the tilted and possibly obsted module plane.

3.15.3 Current accuracy

Of course, there are several modelling errors contributritpe overall inaccuracy of
the PVSAT routine. In previous reports on PVSAT [Reise unéWken, 1999], these
errors were estimated as:

model step error margin
irrad. horizontal +9 kWh/n?
irrad. tilted +3,5%
horizon influence +5,0%
PV system model +2,5%
overall error +10 KWh/kWp

As the estimation of global horizontal irradiation showgher errors during the
winter months, an absolute error margin (kWHA/per month) was chosen for the ir-
radiation values instead of a relative error margin (percémonthly sum). There-
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fore, also the results of the PVSAT routine as a whole arengage XYZ kWh/KWp
+ 10 kWh/kWp.

3.15.4 Improvements in accuracy

Improvements of accuracy are surely expected with theitrangrom HELIOSAT-2
to HELIOSAT-3. These improvements should arise from:

higher accuracy of global horizontal irradiation

improved knowledge on DNI

better representation of dynamics (15-min values)
availability of spectral information (not used here)

ability to detect the presence of snow (not used up to now)

The availability of spectral information is not of concereré, as there is no spec-
tral dependency of the PV model of PVSAT.
In figures, these improvements look like this:

model step error margin
irrad. horizontal +7 kWh/n?
irrad. tilted +2,5%
horizon influence +4,0%
PV system model +25%
overall error +8 kWh/kWp

The overall PVSAT routine now shows a narrowed error margii:system yield
estimations are now given as8 kWh/kWp instead oft 10 kWh/kWp. Thus, the ac-
curacy was increased by 20 percent via the transition fromlBEAT-1 to HELIOSAT-
3.

More improvements to be expected with the full working vensof HELIOSAT-3,
related to the further improved accuracy of global horiabitadiation values and to
the snow detection feature.

3.16 Example Application: Solar Thermal Power Plants

Accurate irradiance data are needed for planning e.g. pbl&ic systems or solar
thermal power plants. Planners need precise informatiah®availability of the so-
lar resource in order to find a good site, adjust componerdd@predict economic
income. The efforts of the Heliosat-3 project result in vacgurate irradiance data
with high temporal (hourly) and spatial (1km x 1km) resadati As an example ap-
plication, the provided irradiance information is usedrgsii for resource assessment
for solar thermal power stations and for simulation of suaWex plants. The planning
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tool STEPS (Expert System for Solar Thermal Electric Powatiés), developed at
DLR, was applied to perform this example study.

3.16.1 Solar Thermal Power Plants

Solar thermal power plants use concentrating mirrors tegga high pressure steam
from solar energy, in order to activate conventional staaimes for electricity gener-
ation. As energy resource, the direct part of the solariaraze is used (Direct Normal
Irradiance DNI).

3.16.2 STEPS

STEPS (Expert System for Solar Thermal Electric Power &ta)iis a planning tool
to provide a systematic and efficient way of identifying asdessing potential sites
for solar thermal power stations. The results of STEPS aveiged in digital maps.
For further data-processing and -analysing, a Geo-Infoom&ystem (GIS) is rec-
ommended. Results are e.g.:

Available solar resource

Available land resource (shown in exclusion maps)
Costs of infrastructure

Costs of insurance

Levelised Electricity Costs (LEC)

Figure 3.12 shows the main processing steps of STEPS fox#mee region Mo-
rocco. The working process of STEPS can be divided into aéperts:

e Determination of available solar resource (Direct Normiadiance)

¢ Identifying all potential sites that are technically sbigafor solar thermal power
stations.

e Simulation of a solar thermal power plant for each suitaldéevgith the determined
direct solar irradiance.

e Determination of the new present value for the project
e One resultis e.g. a ranking based on Levelised Electriaiist LEC)

3.16.3 STEPS applied to the Canary Islands

WP 6020 aimed at the example use of the high quality irradiateta that can be
provided by the new Heliosat-3 method. Here, the applicatvas performed in the
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Solar Energy Resource
Assessment

The heatn zolar radiation resource is abtained in
high temporal and geographical resolution (1h, 1km)
from sstellite remote sensing over several yvesrs

no cimia o excumn

cualial, ek uciu s and misboy we

yehomaphi @ 'o1 wduman
mcind

Land Resource
Assessment

Land resowrces are identified by a geographic
information system, excluding thoze sites
restricted by land use, land coverage,
topography, kydrology, natural risks etc.

Plant Performance
Modelling

Electricity vield and technical
performance iz modelled on hourly
e - basiz for every potential site

MEEEEEE ] [E

Economic Site Ranking

The economic ranking of all sites iz defined by
the resulting levelized solar electricity cost.

Figure 3.12: Example processing parts of STEPS for the example countalysia
for Morocco. Steps from top left to bottom right: solar resmiassessment (DNI),
assessment of exclusion sites (white=suitable), powekidonulation, ranking based
on levelised electricity cost (LEC).
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Figure 3.13: Site ranking based on Levelised Electricity Cost (LEC)
rect Steam Generation (DSG) solar only, based on STEPSIatitay for t
Islands. Top figure for all sites. Bottom figure suitablesialy.

Table 3.12: Areas for Canary Islands, Gran Canaria and Fuerte Ventu

P good

bad

foM3V Di-
he Canary

rhe Values

for non-excluded areas are based on the STEPS analysis.oldrestectricity poten-

tials are also given. They compare very favourably with thtaltannual

electricity

demand of the Canary Islands for 2005 that was predicted tarbend 9 TWh/y.

Complete Area Canary Islands 7273 *m
Non-excluded Area Canary Islands produced by STEPS 1166 ki
Solar Electricity Potential Canary Islands 90 TWH
Complete Area Gran Canaria 1532 *m
Non-excluded Area Gran Canaria produced by STEPS 302 2 kn
Solar Electricity Potential Gran Canaria 25 TWH
Complete Area Fuerte Ventura 1731 *m
Non-excluded Area Fuerte Ventura produced by STEPS 645 2 kn
Solar Electricity Potential Fuerte Ventura 50 TWHh

n
\y
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field of solar thermal power stations.
Using the STEPS-tool, the following activities were penfied:

1.

A first analysis for the example region Canary Islands wighintern radiation
scheme of STEPS. The results show e.g. a ranking based disdéelvelec-

tricity cost for a selected power plant configuration (50MW,,;., DSG, solar

only).the software was adapted to generate maps for Theni®X€EPS radia-
tion algorithm bases on Meteosat First Generation datanigtbod has a lower
temporal and spatial resolution than the new Heliosat-houet

A second analysis. All parameter are defined as in andly4ist the irradiance
data is now taken from the new Heliosat-3 model using data M5G.

The results show, that the input of the new Heliosat-3 datdde¢o a more accurate
and precise resource assessment and to a more accurateptantesimulations. The
working activities within WP 6020 performed by DLR are:

1.
2.

5.
6.

Modifying the STEPS-tool for external irradiance dataun

Re-organising of provided irradiance data (DNI) for edfit data processing
within STEPS

Modifying STEPS-tool for the chosen power plant configora

Modifying STEPS-tool for chosen geographic region (Carislands / Spain)
(economic parameters)

Running STEPS for example region Canary Islands

Analysing the results

Two processing runs using the modified STEPS-tool as destabove were per-
formed for the selected region:

e One processing run using the internal irradiance schemethEoccomplete year
2001, the Direct Normal Irradiance DNI was calculated witBTEPS and was
used as input for the STEPS power plant simulation.

e One processing run using the external irradiance datagedvwy Heliosat-3. For
a synthetic year (based on months as described above), tlos#te8 DNI was
used as input for the STEPS power plant simulation.

Together with the solar irradiance as input, the power bliokulation, the net
present value and all other available country informatiba,LEC can be determined.
This value gives an idea about the cost for each produced lothé defined solar
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thermal power station and for the investigated site. Figui& shows some results.
The results are shown as a relative ranking with no absohltees.

The results of the study are particularly useful for enertgnping by regional
authorities, as they show the detailed localisation of treelable solar electricity po-
tentials of the analysed territory. They also can be usedanify the overall electric-
ity yield that can be achieved with different renewable ggéechnologies in a region.
The specific renewable electricity yield of around 90 GWhikof concentrating solar
power plants in the Canaries (see Table 3.12) is about 4 tmgé®r than the equiv-
alent area-specific electricity yield of e.g. a wind parkhistregion. This may be
of primary concern taking into account the valuable andcscéand resources of the
islands.

For every point of the map, the satellite based assessmehbdatogy of STEPS
yields an hourly time series of the solar power capacity aflargshermal power plant.
By correlating this time series with the time series of gleityy demand (load curve),
the capacity credit of different renewable power technigi®gan be evaluated. In this
context, concentrating solar power plants are especiakul, as they can be build
with a thermal energy for night-time operation, and additity can be operated on
the basis of conventional fuels, always guaranteeing fipaciéy. Thus, they combine
very well with other, fluctuating renewable energy sourdes Wwind or photovoltaic
systems, as they can be used to compensate the power flangiaticasioned by those
technologies.

Finally, the satellite resource assessment with the givaitity of the HELIOSAT-

3 methodology is very useful for concentrating solar powejget developers, as they
can make a very reliable economic analysis of the performafthe power plants
prior to the investment phase. However, although the reswé very accurate, it must
be taken into account that the inter-annual fluctuationste#rsenergy can be of the
order of 20-30 %. Therefore, long-term time serieslQ years) of data are necessary
to yield acceptable security for economic planning.

A more detailed description of this work can be found in [8cfgs, 2005].

3.17 Example Application: Daylighting (WP 6030)

The applicability of the operational Heliosat-3 algoritfon daylighting purposes was
investigated by assessment of the accuracy of the illuncmam the horizontal and
tilted plane (See Sections 3.14.4 and 3.14.5). It was fobatthe current operational
Heliosat-3 method needs further improvement to be appbedi&ylighting calcula-
tions.
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Chapter 4

Conclusions

Objective 1: Development of a new MSG based surface solar iadiance scheme

The Heliosat-3 consortium successfully developed an dipee irradiance scheme
on the basis of Meteosat Second Generation data. The apebhsicheme consists
of the new SOLIS clear sky scheme using climatological aphesc data as input,
an MSG-adapted and improved cloud index scheme and a neweather scheme.
The scheme provides spectrally resolved global horizantadiance, and spectrally
resolved diffuse horizontal irradiance. The data has aapasolution of of 1 km x
1km (nadir) and a temporal resolution of 15 minutes.

The clear sky scheme is based on radiative transfer mogdelhd provides spec-
trally resolved global and direct clear sky irradiance. elquires information on the
aerosol, water vapour and ozone content of the atmosphenpats In the current
operational scheme climatological data are used. Howéwvear) real time data can
be easily incorporated.

Besides technical changes to the software, adaptationoatfidhdex method to
MSG required solving problems with the geolocation of MS@-images and a new
determination of empirical parameters such as the maxitoabtaeflectivity and the
half-width of the ground reflectivity distribution. Furthenprovements of the cloud
index method have been developed: a correction for cloudesha new way to de-
termine cloud reflectivity based on radiative transfer j¢tg/end a new statistic way
to determine ground reflectivity. These improvements wineteready when the op-
erational scheme had to be defined, but will be stepwisernated in the operational
scheme after the project.

The all-weather module includes a diffuse irradiance maellal uses the newly
available clear sky direct irradiance as input. Furthesmbincludes a spectral look-
up table to correct the spectral distribution of the clegrisladiance for the presence
of clouds.

The operational scheme differs from the scheme in the prpjeposal. The orig-
inal 'target’ scheme would have had near real time atmospldata as input to the
clear sky module and a completely new cloudy sky scheme obdbis of advanced
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cloud information provided by the APOLLO scheme. Technablems with the
MSG satellite caused a large delay in the data availabibpnsequently, the modules
for the 'target’ scheme were not ready at the start of theasation and validation.
However, they could be developed and validated componsatiwwiparallel to the val-
idation of the operational scheme.

Objective 2: Improved accuracy

The operational method was validated with pyranometer flata European meteo-
rological stations. The average RMSE for all test-sites 4%, 14% , 9% and 5%
for 15 minute, hourly, daily and monthly data respectivdlfie accuracy goals set in
the proposal, an RMSE of 20%, 10%, and 5%. for hourly, daity @onthly values of
global horizontal irradiance have therefore been achieved

The use of MSG-data rather than Meteosat-7 data resultededwction of the
RMSE of hourly data of on average 1.5%. For north-west Elanpest sites the results
of an MSG-adapted Heliosat-1 method and the operationabsttt3 method were
comparable. For Mediterranean and Canary island test thigesleliosat-3 method
gave an RMSE reduction of two percent point, and an MBE redncif 4 percent
point.

Objective 3: New products

The SOLIS clearsky module delivers clear sky irradianceiciwiivas not available
before. A new algorithm for the all-weather direct irradiarwas developed to exploit
this new information. Validation showed that the new modghsicantly reduced the
MBE of the direct and diffuse irradiance.

The new scheme provides spectrally resolved clear sky amebather irradiance.
Filter for the spectral response of the human eye (luminamptants (PAR) and solar
cells have been integrated in the software. Additionalr§ltan be defined by the user.

A new method to derive the angular distribution of diffusediance from the
spatial distribution of the cloud index was developed angstigated. It was found
that traditional empirical methods were more effective.

The spatial structure of the new irradiance maps has beestigated, by compar-
ing the co-correlation of pairs of ground measurements thidh of the corresponding
pixels. A good agreement with the co-correlation of grourehsurements was found.

Objective 4: Implementation in operational processing chans

A prototype solar energy operational chain has been runairgf Oldenburg Uni-
versity during the validation of the scheme. A stepwisegnation in the day-to day
operation is ongoing.

A hybrid climatological operational chain (Helioclim-2a& been running at Ecole
des Mines since February 2004. The Helioclim-2 chain has li@egrated in the
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SoDa service. A stepwise-integration of the complete Heali€8 method in ongoing.

Objective 5: Availability of cloud and atmospheric data

The APOLLO scheme, which was originally developed to usa d@fpolar orbiting
satellites, has been adapted to the MSG-SEVIRI instruntigotovides a cloud mask,
cloud optical depth, cloud fraction, cloud top temperatamd cloud type. The cloud
fraction has been has been compared with NOAA-AVHRR datasantSG-based
algorithm specific for cirrus detection. Both validatiom®wed a good agreement.

The Kleespies and McMillan method for water vapour retridxas been adapted
to the MSG-SEVIRI instrument and further improved. The roetlwvas validated on
radiosonde measurements. With an RMSE of 6mm the result;aree required
accuracy range.

The SYNAER method for retrieval of aerosol data retrieva baen extended fur-
ther to include new and more detailed aerosol types. SYNA&RQUERS-2 data has
been validated on ground measured data from the AERONETonketwhe RMSE
of the aerosol optical depth was acceptable, but the MBE Dbft@ large. To ob-
tain aerosol information for the observation area of MSGSY&NEAR method has
been adapted to the polar orbiting satellite ENVISAT. Fualidation results of the
SYNEAR method using ENVISAT data show a recuction of RMSE .tbd&hd a bias
of zero. Further evaluation and development is currentiyie@ out on the basis of
newly available ENVISAT data.

A scheme for the retrieval of the total ozone column has begeldped on the ba-
sis of the 3D global chemical-transport model DLR-ROSE Bdaata from ENVISAT-
SCIAMACHY and ERS-2-GOME. The method was validated on gtbdata from the
WOUDC network. The standard deviation for the GOME - WOUDG@ngarison is
between 2.6 and 6.3 % with a mean deviation from -4.1 to 0.4 pei@ng on the
reference station. For the SCIAMACHY - WOUDC comparison thean deviation
ranges from -8 to -0.8 % depending on the station. The stdrdfaviation varies from
3.5t010.2 %.

The near real time atmospheric and cloud data are distdiuidethe DLR website
for the research community. Furthermore, they are useds/erakprojects the DLR is
involved in.

Objective 6: User interface

The SoDa web interface has been extended to integrate the ¢lieh2 products. DLR
provided a web access for the cloud and atmospheric datagoth the consortium.
Oldenburg University provided a web access for the irrachgorodutcts to the con-
sortium.
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Objective 7: Dissemination and exploitation

Results of the Heliosat-3 project have been integratedenfdhowing projects and
activities: the EC sponsored PVSAT-2 project, the EUMET SRftellite Application
Facility on Climate Monitoring, the Safersun Product of Btatontrol A.G. and the
Helioclim project. The scheme is being developed furthéhenvIEM and ENVISO-
LAR projects.

The results of the project were presented in a workshop ib&g Germany in
February 2005, and presented in technical reports, in papacientific Journals and
at conferences.

Objective 8: Example applications

Data of the operational Heliosat-3 scheme have been applidte PVSAT scheme
for the performance control. The improved accuracy of the sgheme improved the
accuracy of the calculated reference yield with 25%.

The high resolution of the new data and the improved accwéitye direct normal
irradiance product proved to be very beneficial for the itigasion of the potential for
solar thermal power plants with the STEPS procedure.

Daylighting applications require illuminance data as inpualidation of the il-
luminance product showed that a combination of the operalibleliosat-3 global
irradiance in combination with an existing empirical illurance products was more
accurate than the illuminance product derived directhhwlie operational Heliosat-3
scheme. It is expected that a different choice of spectradi®and the use of near real
time data will improve the results.
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Chapter 5

Dissemination and Exploitation of the
results

5.1 Dissemination

5.1.1 Website

The Heliosat-3 website (www.Heliosat3.de) is one of théseo distribute the results
of the project. All technical reports are downloadable frtra site, as well as the
presentation of the workshop. The internal part of the welaso proved to be an
effective platform for the exchange of data, software, rtesuand internal reports
between the partners of the Heliosat-3 project.

5.1.2 Workshop

Although the Heliosat-3 project has mainly been an scienpifoject, the results are
of interest for the solar energy community as well as othetiggmwith in interest in
accurate irradiance data with an high spatial and tempesalution.

5.1.3 Information package

All information about the project is downloadable from thelidsat3 website. A CD-
ROM containing the same information is available on request

Since the Heliosat-3 project is mainly a scientific projecithlications are the most
important way to disseminate the results. A complete listlmafound in Section 5.3.
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5.2 Exploitation of results

5.2.1 EUMETSAT CM-SAF

The Satellite Application Facility on Climate MonitorinGi-SAF) aims to to gener-
ate and archive high quality data to monitor the global ctananalyse and diagnose
climate parameters to understand climate change, to mromflt for climate mod-
els and to validate simulation models. CM-SAF is part of théMETSAT funded
SAF network. It is based at the Headquarters of the Deutstkéerdienst (DWD) in
Offenbach, Germany.

An important part of climate research is understanding #ukation balance of
the earth. To this aim the DWD has contracted Oldenburg Usiityeto implement
the Heliosat-3 software at CM-SAF in Offenbach Germany.t Bathe contractual
obligation is to make a comparison between the Heliosat{Boae the DWD satellite
method and ground data. The results will be published.

5.2.2 Meteocontrol Safersun

Oldenburg University has a running contract with MeteooainEmbH from Augs-
burg, Germany to provide satellite based irradiance ddias& data are used for their
commercial service Safersun for the quality check of phoitaic systems. These data
are currently based on Meteosat 7 and the Heliosat-1 methdlde coming year there
will be a step-wise conversion to MSG and the Heliosat-3 wekth

5.2.3 Snow detection

The cloud index method (part of Heliosat-1 and the operatigersion of Heliosat-3)
cannot distinguish between clouds and snow. Snow covehnagefore give substantial
underestimation of the irradiance.

The APOLLO method which was adapted for MSG-SEVIRI as pattteHeliosat-
3 method can detect snow cover. At Oldenburg University auisently investigated
how the Heliosat-1 and Heliosat-3 method can be adapteddloiethis extra investi-
gation. Results will be implemented in normal operatiog,tee Safersun mentioned
above.

5.2.4 PVSAT-2

The cloud index method is less accurate under so called &orakoud situations”.
These situations were investigated, and a first approachdaling with them was
developed as part of the Heliosat-3 project. The method bas kurther developed
and implemented in the PVSAT-2 project.

The PVSAT-2 project is an EU sponsored project for the autedhquality control
of grid connected PV systems.
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5.2.5 VIEM

The Virtual Institute of Energy Meteorology (VIEM) addressresearch at the inter-
face between energy systems and meteorology. VIEM is rumlydoy the German
Aerospace Center (DLR) and the University of Oldenburg. téninitial phase, the
Institute is supported by the "Impuls- und Vernetzungs&Sraf the Helmholtz Asso-
ciation of National Research Centers. The co-operationldé@durg University and
DLR in this institute is a direct outcome of the HELIOSAT-3-operation

Within VIEM the new SOLIS clear sky irradiance algorithm lamned for integra-
tion into a solar irradiance forecasting system based orenigal weather prediction
and chemical transport modelling.

Further development work how to use MSG-based cloud predacsolar irradi-
ance calculations in both cloudfee and cloudy cases wil ke place within vIEM.

5.2.6 LBA

The Large Scale Biosphere-Atmosphere Experiment in Amaz@BA) is an inter-
national research initiative led by National Institute fanazonian Research (INPA)
from Manaus Brasil. LBA is designed to create the new knogdedeeded to un-
derstand the climatological, ecological, biogeochemimadl hydrological functioning
of Amazonia, the impact of land use change on these functaomd the interactions
between Amazonia and the Earth system. At Oldenburg Uniyexwisiting scientist
from INPA is investigating the potential of the Heliosat-&ttmod to generate PAR data
that to be used as input to the modelling of the transport efggnand water between
the atmosphere and the forest within the LBA project.

5.2.7 ENVISOLAR

ENVISOLAR is dedicated to the development of the market gisinformation on
the solar resource for planning and operations of solaiggrgrstems. ENVISOLAR
integrates the HELIOSAT-3 results in operational progggand service chains both at
research and commercial partner sites. A large number ddenarals performed with
key customers (plant operators, plant owners, financiagtors, energy suppliers)
will help to further improve the operational services rundommercial partners in
ENVISOLAR.

Besides from solar energy, ENVISOLAR allows also to intégid ELIOSAT-3
results on surface irradiance calculations into irradégfocecasts operated at one of the
commercial ENVISOLAR partner premises. Such irradiancedasts are delivered to
energy suppliers on a regular basis and are integratediatoload forecast systems.

ENVISOLAR is funded by the ESA Earth Observation Market Depenent project
ENVISOLAR (coordination at DLR-DFD).
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5.2.8 Cloud and water vapour products at DLR

MSG-based cloud products will be used for a variety of sdierdgnalyses e.g. clima-
tologies and continuation of the European Cloud Climatpltmyvards the full MSG
region.

MSG-based water vapour products now available after HEWRS will be used
for atmospheric correction of remote sensing measurenfiirmmsother satellites ded-
icated to land surface monitoring.

5.2.9 HelioClim/SoDa

Helioclim is a climatological database of irradiance dataloy the Centre Energtique
et Procds of Ecole des Mines de Paris. The data are accesalilee\SoDa service.

First steps towards integration of irradiance data basdd$@ / Heliosat-3 data have
been undertaken during the Heliosat-3 project. Furthegmaition is on-going work

and is carried out in co-operatian with DLR.

5.3 Cumulative list of Publications

5.3.1 Peerreviewed articles

[ Dagestad and Olseth, 200§ Dagestad, K. F., Olseth, JA modified algorithm for
calculating the cloud inde)XSolar Energy, in print
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16 independent data bank®olar Energy, in print.

[ Mueller et al., 2004 ] Mueller, R.W., Dagestad, K. F., Ineichen, P., Schroediky,
Cros, S., Dumortier, D., Kuhlemann, R., Olseth, J. A., Ragrgja, C., Reise, C.,
Wald, L. and Heinemann, D.: 200Rethinking satellite based solar irradiance
modelling - The SOLIS clear sky moduRemote Sensing of the Environment,
\Vol. 91, pp. 160 - 174
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Retrieving aerosol optical depth and type in the boundayefeover land and
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pp. D21
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[ Dagestad, 2005] Dagestad, K.F.Estimating global radiation at ground level from
satellite images(PhD Thesis), University of Bergen, Norway, May 2005.

[ Girodo, 2003 ] Girodo,M. Untersuchung von 3D-Wolkeneffecten auf die satelliten-
gestutzte Berechnung der solaren Einstrahlufigiploma thesis), Energy and
Semiconductor Laboratory, Oldenburg University, Germadaily 2003.

[ Drews, 2002 ] Anja Drews: Split-Window-Verfahren zur Ableitung von Wasserdampf-
sulen aus MSG/SEVIRI und TERRA/MO[QEBiploma thesis), Geographisches
Institut, University of Gottingen, Germany, May 2002.

[ Breitkreuz, 2005 ] Hanne-Katarin BreitkreuDer Einfluss atmosphaerischer Par-
tikel auf das solare Strahlungsangebot in Europa - Einsaiz serosolprog-
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Geowissenschaften, Universitaet Hamburg, Germany, 5p2085.

5.3.3 Reports on Deliverables

[ EHF and Ecole de Mines/Armines ] Oldenburg University, Ecole de Mines/Armines,
Compilation of Data Requirementdldenburg University, Germany, 30-06-2001
(includes deliverable D6).

[ EHF, 2001 ] EHF, Heliosat 3: Internet Representation of the proje@idenburg
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[ EHF et al., 2003 ] EHF, UiB, Armines, Report of the HELIOSAT-3 software pack-
age for solar irradiance retrieval, all sky working versiddldenburg University
28.02.2003 (includes deliverables D8.1, D8.2).

[ Schroedter- Homscheidt ] M. Schroedter- Homscheidt, L. Bugliaro, T. Erbertseder,
G. Gesell, DLR T. Holzer- PopReport on the Atmospheric parameter retrigval
31 May 2004, DLR (includes deliverables D9.1, D9.2, D9.3,4)9
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[ Heliosat-3 consortium, 2002] Heliosat-3 consortiunMid-term progress repor29-
11-2002, Oldenburg University, Germany (includes delbdes D6.1-D6.4 ,
D8.1 D7).

[ Schillings, 2005 ] C. Schillings, Hoyer, C., Kronshage, S.,Trieb, Example Appli-
cation No.2: Solar Thermal Power Plar2s05-2005, German Aerospace Center
(DLR), Institute of Technical Thermodynamics, Stuttga@ermany (includes
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[Ineichen, 2005] Ineichen, P.Angular distribution of the diffuse illuminancEebru-
ary 2005, University of Geneva, Switzerland (includeswdzkble D11.1b).

[ Beyer et al., 2005] Beyer, H.G. , Betcke, J., Gallego, ATreatment of topics con-
cerning the spatial Statistics of cloud index and irradiarields17 May 2005,
University of Applied Sciences Magdeburg-Stendal (FH)yr@any (includes
deliverable D11.3).

[ Wald, 2005 ] Wald, L: Heliosat-3 Climatology Processing Chaiicole des Mines
de Paris / Armines Sophia Antipolis, France (includes @eéible D13.2).

[ Dagestad et al., 2005] Dagestad, K-F.Heliosat3 Validation reporMay 2005 Uni-
versity of Bergen, Norway (includes deliverable D16 and 315

[ Schroedter-Homscheidt et al., 2005] M. Schroedter-Homscheidt, T. Erbertseder,
G. Gesell, B. Hildenbrand, T. Holzer-Popp, W. Krebs, Rajidation report
(Atmospheric Parametersiserman Aerospace Center (DLR), May 2005 (Ap-
pendix to Heliosat3 Validation report).

[ Dagestad and Olseth, 2005] Dagestad, K.F., Olseth, J.AAn alternative algo-
rithm for calculating the cloud indexseophysical institute University of Bergen,
Bergen Norway, April 2005 (Appendix to Heliosat3 Validaticeport).

[ Dumortier and van Roy, 2005 ] Dumortier D., Roy F. vanModels used to derive
irradiances and illuminances from MSG satellite imagesyparison with mea-
surements from 6 site$ ASH-ENTPE, France, 2005 (Appendix to Heliosat3
Validation report).

[ Kuhlemann and Hammer, 2005 ] Kuhlemann, R, Hammer, A.Sunsat the new
program for processing high resolution data of Meteosa{Report), Univer-
sity of Oldenburg, Energy and Semiconductor Laboratonye2005.

[ Kuhlemann and Betcke, 2005 ] Kuhlemann, R, Betcke, JCloudS A new param-
eterization of radiative transfer through clouds (summafydevelopment and
first validations) (Report), University of Oldenburg, Energy and Semiconduc
Laboratory, June 2005.
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[ Kuhlemann et al., 2005 ] Kuhlemann, R, Hammer, A.,Drews,AGeolocation of
high resolution data of Meteosat-8 (VCS-XPIF form#&Report), University of
Oldenburg, Energy and Semiconductor Laboratory, June.2005

[ Reise, 2005] Reise, CExample Application: Grid-connected PV-systévias/ 2005
Fraunhofer Institute for Solar Energy Systems, Freibugyn@ny (includes de-
liverable D15.1)

5.3.4 Conference papers

[ Schroedter, 2000 ] Schroedter, M.Water Vapour from TOVS/ATOVS - Value Added
Products and ApplicationsThe Eleventh International ATOVS Study Confer-
ence, 20 - 26 Sept. 2000, Budapest, Hungary, Proc. pp. 357-36

[ Kuhlemann et al., 2002 ] Kuhlemann, R., Mueller, R.W., Holzer-Popp, T., Schroedte
M., Heinemann, D.Is Meteosat Second Generation a candidate for aerosol de-
tection ? 27th General Assembly European Geophysical Society, 2Aif2B
2002, Nice, France

[ Mueller et al., 2002 ] Mueller, R.W., Beyer, H.G., Dagestad, K.F., Dumortier, D.
Ineichen, P., Hammer,A., Heinemann, D., Kuhlemann R., iB)sg&A., Pier-
navieja, G., Reise, C., Schroedter,M., Skartveit, A., Wald The use of Me-
teosat Second Generation satellite data within a new typsotalr irradiance
calculation scheme7th General Assembly European Geophysical Society, 21-
26 April 2002, Nice, France

[ Mueller et al., 2002a ] Mueller, R.W., Heinemann, D., Kuhlemann, R., Hoyer, C.,
Dagestad, K.F., et alA new generation of satellite based solar irradiance cal-
culation schemes22nd Symposium of the European Association of Remote
Sensing Laboratories, 4-6 June 2002, Prague, Czech Republi

[ Mueller et al., 2002b ] R.W. Mueller, H.G. Beyer, S. Cors, K.F. Dagestad, D. Du-
mortier, P. Ineichen, D. Heinemann, R. Kuhlemann, J.A. th|$8. Piernavieja,
C. Reise, M. Schroedter, A. Skartveit, L. Wal@lhe use of MSG data within
a new type of solar irradiance calculation schers8JMETSAT Users Confer-
ence, 2-6 September 2002 Dublin, Ireland, in: Proceedifitge®002 EUMET-
SAT Meteorological Satellite Conference, pp 608.

[ Mueller et al. 2003 ] R.W. Mueller, K.F. Dagestad, R. Kuhlemann, J.A. Olseth, C.
Reise, M. Schroedter,L. Wald,D. HeinemarRRethinking satellite based solar
irradiance modellingThe 2003 EUMETSAT Meteorological Satellite Confer-
ence, 29-09 to 03-10 2003, Weimar, Germany. Proc. pp. 536-60

[ Cross et al., 2004] Sylvain Cros, Marion Schroedter-Homscheidt, Thierry &tan,
Lucien Wald:Improvement of operational atmospheric parameters olagen:
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increasing spatial resolution of aerosols optical depthpsidy a data fusion
processConference of the European Meteorological Society, sept 20

[ Dumortier. et al., 2005 ] Dumortier, D.Estimating global irradiances and illumi-
nances from the second generation of METEOSAT satellitesul® from the
HELIOSAT-3 European projectConfrence Lux-Europa Berlin 2005, pp. 224-
226, September 19-21, 2005

[ Betcke et al., 2005] Betcke et al. The results and products of the Heliosat-3 project
ECAM, Utrecht September 2005..

5.3.5 Other publications

[ Mueller et al., 2001 ] HELIOSAT-3: Solar Radiation Data from Europe’s Next Satel-
lite Generation ObjectiveBEU-integration meeting, (poster).

[ Baier et al. 2002 ] Baier, F.,Bittner, M.,Schroedter, M., Erbertseder, €sd, M.:
Near Real Time Ozone Profiles from GOME Column Data using ROB¥,
27th General Assembly European Geophysical Society, 24p262002, Nice,
France (abstract and poster)

[ Holzer-Popp and Schroedter 2003a] Holzer-Popp, T., Schroedter, MMonitoring
particle concentrations from spadeGS-AGU-EUG joint assembly, 6.-11.4.2003,
Nice, France (abstract).

[ Holzer-Popp and Schroedter 2003b] Holzer-Popp, T., Schroedter, MSpace-based
climatology of aerosol componenB&sGS-AGU-EUG joint assembly, 6.-11.4.2003,
Nice, France (abstract).

[ Schroedter-Homscheidt et al., 2003] Schroedter-Homscheidt, M., Drews, A., Er-
betseder, T., Gesell, G, Holzer Popp, Mannstein,divards high quality energy-
specific solar radiation data from MSG - First experiencewiSG data within
the Heliosat-3 projectThe 2003 EUMETSAT Meteorological Satellite Confer-
ence, 29-09 to 03-10 2003, Weimar, Germany. Proc. p. 304€pasd abstract)

[ Dagestad, 2004] Dagestad, K-F., Estimating surface global radiation from Me-
teosat Second Generation satellite dd&&S conference, 5-30 April 2004, Nice,
France (poster).

[ Dagestad, 2004] Dagestad, K-F.An algorithm for estimating global radiation from
satellite measurements of TOA reflected radiadboecht Climate Conference,
2001, Utrecht, the Netherlands (poster).
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5.3.6 Planned publications

[ Cros et al., 2005] Cros S., Albuisson M., Wald L.,Simulating Meteosat-7 broad-
band radiances at high temporal resolution using two viesitilannels of Meteosat-
8, To be published by Solar Energy, 2005.

[ Breitkreuz et al., 2005 ] Breitkreuz, H. , Schroedter-Homscheidt, M., Holzer-Popp
T.,: Towards the application of aerosol forecasts in the enenglustries to be
submitted to Solar Energy in June 2005

[ Schroedter-Homscheidt and Drews, 2005 Schroedter-Homscheidt, M., Drews, A.,:
Total water vapour column retrieval from MSG-SEVIRI splibeow measure-
ments exploiting the daily cycle of land surface tempersguo be submitted to
Remote Sensing of Environment in July 2005

[Girodo et al., 2005 ] Girodo, M, Mueller, R, Heinemann, Dinfluence of three-
dimensional cloud effects on satellite derived solar ireacte estimation - first
approaches to improve the Heliosat metlramtepted by Solar Energy.

[ Kuhlemann, 2006 ] R. Kuhlemann, PhD. Thesis., to be published 2006 (several
chapters are to be published as Journal papers).
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Appendix A

Participant Information

Partners in the Heliosat-3 project

University of Oldenburg

Faculty of Physics

Energy and Semiconductor Research Laboratory
(EHF)

D-26111 Oldenburg (Oldb)

Germany

fax: ++49 441 798 3326

web: http://www.energiemeteorologie.de

e Dr. Detlev Heinemann
detlev.heinemann@uni-oldenburg.de
tel: ++49 441 798 3543

e Jethro Betcke
jethro.betcke@uni-oldenburg.de
tel: ++49 441 798 3927

¢ Rolf Kuhlemann
rolf.kuhlemann@uni-oldenburg.de
tel: ++49 441 798 3929

e Dr. Richard Mueller
(Currently employed at German Weather Service, DWD)
richard.mueller@dwd.de
tel: ++ 49 698 062 4922
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Ecole des Mines de Paris / Armines
Groupe Teledetection et Modelisation

BP 207

F-06904 Sophia Antipolis cedex

France

fax: ++ 33 4 93957535

web: http://www-cenerg.cma.fr/eng/tele or fr/tele

e Prof. Lucien WALD
lucien.wald@ensmp.fr
tel: ++33 4 93957449

e Dr. Sylvain Cros
sylvain.cros@ensmp.fr

Deutschen Zentrum fir Luft- und Raumfahrt
Deutsches Fernerkundungsdatenzentrum
(DLR-DFD)

Postfach 1116

D-82234 Wessling

Germany

fax: ++ 49 8153 28 1363

web: http://www.dfd.dlIr.de and http://wdc.dIr.de/

e Marion Schroedter-Homscheidt
marion.schroedter-homscheidt@dlr.de
tel: +49-8153-28-2896

e Dr. Thomas Holzer-Popp
Thomas.holzer-popp@dir.de

e Thilo Erbertseder
thilo.erbertseder@dir.de

e Beate Hildenbrand
beate.hildenbrand@dlr.de

e Miriam Kosmale
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University of Bergen
Geophyscial institute
(UiB-GlI)

Allegt. 70
N-5007 Bergen
Norway fax: +47 55589883 web: http://www.gfi.uib.no

e Jan Asle Olseth

jan.asle.olseth@dgfi.uib.no
tel: +47 55582892

e Dr. Knut-Frode Dagestad
(Currently employed at Nansen Environmental and RemotsiSgiCenter)
knutfd@nersc.no
tel: ++ 47 5520 5868

University of Geneva
Group of Applied Physics
(UNIGE)

Battelle Btiment A

7 route de Drize

1227 Carouge - Geneve

Switzerland

fax: ++ 41 22 379 06 39 web: http://www.unige.ch/cuepe/

e Dr. Pierre Ineichen

pierre.ineichen@cuepe.unige.ch
tel: ++ 41 22 379 06 40

Fraunhofer Institute for Solar Energy Systems
(FhG-ISE)

Heidenhofstrasse 2
D-79110 Freiburg
Germany

fax: ++ 49 761 4588 9282
web: http://www.ise.fhg.de

e Dr. Christian Reise
christian.reise@ise.fraunhofer.de
tel: ++ 49 761 4588 5282
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Ecole Nationale des Travaux Publics de I'Etat
Centre Nationale de la Recherche Scientifique
Déepartement Génie Civil et Batiment
(ENTPE-CNRS-DGCB)

rue Maurice Audin

F-69518 Vaulx-en-Velin, Cedex

France

fax: ++ 334 72047041

web: http://www.entpe.fr/Prive/index-recherche.htm

e Dr. Dominique Dumortier

dominique.dumortier@entpe.fr
tel: +33 4 72047087

Canary Islands Technological Institute
Energy, Water and Bioengineering Division
Renewable Energies Department
(CIEA-ITC)

Playa de Pozo Izquierdo s/n
Pozo Izquierdo

E-35119 - Santa Luca

Las Palmas

Gran Canaria

Espafa

fax:++ 34 928 727517

web: http://www.itccanarias.org

e Antonio Ortegbn Gallego
aortegon@itccanarias.org
tel: +34 928 7275 18/03

subcontracters

Hochschule Magdeburg-Stendal (FH)
Fachbereich Elektrotechnik
Breitscheidstrasse 2

D-39114 Magdeburg

Germany
fax: web: http://www.elektrotechnik.hs-magdeburg.de/
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e Prof. Dr. Hans Georg Beyer
hans-georg.beyer@et.hs-magdeburg.de
tel: +49 391 8864499

Deutschen Zentrum fur Luft- und Raumfahrt
Institut fr Technische Thermodynamik
(DLR-TT)

Pfaffenwaldring 38-40
D-70569 Stuttgart
Germany

fax: ++49 711 6862 783
web: http://www.dIr.de/tt/

e Franz Trieb
franz.trieb@dlr.de
tel: +49 711 6862 423

e Carsten Hoyer
carsten.hoyer@dlr.de tel: +40 711 6862 784

e Christoph Schillings
christoph.schillings@dir.de
tel: +49 711 6862 784

Deutschen Zentrum fur Luft- und Raumfahrt
Institut fr Physik der Atmosphre

(DLR-PA)

Postfach 1116

D-82230 Wessling

Germany

fax: ++ 49 8153 28 1363
web: http://www.dIr.de/ipa/

e Hermann Mannstein
Hermann.Mannstein@dIr.de

e Luca Bugliaro
Luca.Bugliaro@dir.de
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Appendix B

Glossary

AATSR
AERONET
AOD

AOT
APOLLO/AVH
APOLLO/SEV
ATSR

AVHRR
BADC

BLAOT

BMU

DOAS

DNI

ECMWF
ENVISOLAR

ERS

ESA
EUMETSAT
GDP

GIS

GOME
HRIT

HRV
LBA

Level 1.0 data

Advanced Along Track Scanning Radiometer
NASA's Aerosol Robotic Network
Aerosol Optical Depth
Aerosol Optical Thickness (same as AOD)
AVHRR Processing scheme Over cLouds Land andadder AVHRR
AVHRR Processing scheme Over cLouds Land anch®éer SEVIRI
Along Track Scanning Radiometer
Advanced Very High Resolution Radiometer
British Atmospheric Data Centre
Boundary layer aerosol optical thickness
Bundes Ministerium fur Umwelt, Naturschutz und Reaktoherheit
German Ministery of the Environment, Nature Protection Redctor Security
Differential Optical Absorption Spectroscopy
Direct Normal Irradiance
European Center for Middle-Range Weather Foreagstin
Environmental Information Services for Solaa”l Management
(www.envisolar.com), ESA supported project

European Radar Satellite
European Space Agency
European Organisation for the Exploitation of E@ilogical Satellites
GOME data processor
Geographical Information System
Global Ozone Monitor Experiment
High Rate Information Transmission,
data format in which MSG data is transmitted
High Resolution Visible, broadband channel of MSG SEVIR
Large Scale Biosphere-Atmosphere Experiment in Améazon
(http://Iba.inpa.gov.br)

Image data as acquired by the MSG satellite
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Level 1.5 data

Level 2 data

Level 3 data

MeCiDA
MLB
MODIS
MSG
Nadir
NASA
NOAA
NRT
OPAC
PAR

RTM

RMSE
RMSD
SCIAMACHY

SEVIRI

SOLIS
STEPS

SYNAER
TIGR
OMS
TWC
uTC
VCS

VIEM
XPIF

before any ground processing has taken place.
data derived from the Level 1.0 data that isiaed
by the MSG satellite and received by EUMETSAT’s ground segfime
EUMETSAT corrects in real-time each received Level 1.0 imnag
for all radiometric and geometric effects and geolocates it
using a standardised projection.
Geophysical and atmospheric data produced tregni_evel 1.x data
radiances as input
Gridded data that has been statistically delec
into daily, weekly, monthly, or annual grid cells
MSG Cirrus Detection Algorithm
Modified Lambert Beer
Moderate Resolution Imaging Spectroradiometer
Meteosat Second Generation
Directly below satellite
National Aeronautics and Space Administration
National Oceanic and Atmospheric Administration
Near Real Time
Optical Properties of Aerosols and Clouds (database)

Photosynthetically Active Radation, range of the ssfgctrum that is used

by the photosynthesis in plants.

Radiatave transfer modelling

Root Mean Square Error, measure for the overall acgurac
Root Mean Square Deviation, measure for the overailracy

Scanning Imaging Absorption Spectrometer fomitspheric Cartography

Instrument on board of Envisat
Spinning Enhanced Visible and Infra Red Imager
Instrument on board of MSG
SOLar Irradiance Scheme
Expert System for Solar Thermal Electric Power System
GIS based tool to analyse the technical and economical faiten
of these systems
SYNergetic AErosol Retrieval
Thermodynamic Initial Guess Retrieval
Total Ozone Monitoring Spectrometer
total water vapour column
Universal Time Coordinated
VCS Aktien Gesellschatft,
supplier of Meteosat reception hardware and software (weside)
Virtual Institute of Energy Meteorology (www.viem.jle
eXtended Processed Image File architecture,
data format to which the VCS reception software saves tredlisatdata
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Appendix C
Workshop Program

Heliosat-3: Increasing Solar Energy Value with Satellites
Outcome of the European Heliosat-3 Project
Fraunhofer Institute for Solar Energy Systems

Freiburg, Germany 23 February 2005

09:30 Reception

General session

09:50 Welcome and Introduction
10:00 Opening
(Prof . Joachim Luther, Fraunhofer Istitute for Solar Eyesgstems)
10:15 Satellite Data and it's Use for Solar Energy Applicas
(Dr. Antoine Zelenka, MeteoSwiss)
11:00 Coffee break
11:30 Introduction to the Heliosat-3 project: Scienceyhssand products.
(Jethro Betcke, Oldenburg University)

Implementation session

12:00 Implementation and commercialisation of the Helidseaesults in the ENVISO-
LAR project.
(Marion Schroedter-Homscheidt, German Aerospace CentR) D

12:30 Lunch

14:00 Climatological data derived from satellites
(Prof. Lucien Wald, Ecole des Mines de Paris / Armines)
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Applications Session

14:30 Solar irradiance data in architecture: Optimisatibdaylight use.
(Dr. Dominique Dumortier, Ecole Nationale des Travaux Rugbdle I'Etat)
15:00 Solar irradiance data and quality control of grid cartad PV
(Gerd Heilscher, Meteocontrol GmbH)
15:40 Coffee break
16:00 Solar thermal power plants.
(Carsten Hoyer, German Aerospace Centre DLR)
16:30 Application in climate research
(Dr. Richard Mueller, German Weather Service DWD)
17:00 Outlook and opportunities
(Dr Detlev Heinemann, Oldenburg University)
17:15 Open Discussion: Needs of the Solar Energy Industry
18:00 End

The presentations can be downloaded from http://www.bat®de
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