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The HelioClim-1 database of daily solar

radiation at Earth surface: an example of the
benefits of GEOSS Data-CORE

Mireille Lefévre, Philippe Blanc, Bella Espinar, Benoit Gschwind, Lionel Ménard, ThierryhiRanc
Senior Member, |EEE, Lucien Wald, Laurent Saboret, Claire Thomas, and Etienne Wey

the SSI and its geographical distribution is of prime
Abstract— The HelioClim-1 database contains daily values of importance for several domains where the SSI plays a major
the solar radiation reaching the ground. This GEOSS (Global role such as weather, climate, biomass, or energy [3].
Earth Observation System of Systems) Data Collection qf Open  accurate assessments of the SSI can now be drawn from
Resources for Everyone (Data-CORE) covers Europe, Africa and satellite data and several studies demonstrate the superiority of

the Atlantic Ocean, from 1985 to 2005. It is freely accessible at no A . . .
cost through the SoDa Service (www.soda-is.com). severalthe use of satellite data over interpolation methods applied to

assessments of the HelioClim-1 data against measurements madesparse measurements performed within a radiometric network
in meteorological networks reveal that the HelioClim-1 database [4] [5]. Stations measuring the SSI on the long-term are rare

offers a reliable and accurate knowledge of the solar radiation and satellites are an accurate way to supplement them [6].
and its daily, seasonal and annual variations over recent years. gayeral databases have been developed that contain hourly or

The HelioClim-1 data may help in qualifying in situ . ——
measurements and may supplement them, thus offering 21 yea daily means_of the S_SI. The HelioClim-1 database, hereafter
abbreviated in HC-1, is one of them.

of accurate daily means of surface solar irradiance. Several ' i - S ) o )
published works benefited from openness, availability and In this article, brief introductions to the HelioClim Project

accuracy of the HelioClim-1 database in various domains: and the GEOSS (Global Earth Observation System of
oceanography, climate, energy production, life cycle analysis, Systems) Data-CORE (Data Collection of Open Resources for
agriculture,_forestry, architgcture, healt_h and air quality. This Everyone) are followed by a description of tH€-1 database
demonstration of the benefit of the HelioClim-1 database draws and how it has been constructed. The HC-1 database is
attention to resources open to everyone such as those lalokle . . .
GEOSS Data-CORE. available for everyone and provides data of known quality
Several examples of use of HC-1 data in various domains have
Index Terms—Irradiance, Africa, Europe, climate, Meteosat, been found in scientific journals. These case studies are briefly
agro-meteorology, solar energy, ocean, health, architectur@ir ~ mentioned to illustrate the benefit of the HC-1 database in
quality, GEOSS. science. This paper aims at attracting attention to resources
open to everyone such as the HC-1 database and at
demonstrating through case studies how such freely supplied
data on solar radiation support research, development and
HE surface solar irradiance (SSI) is the power receivdslisiness in various domains.
from the sun over the whole spectrum on a horizontal
surface at ground level per unit surface [1]. The SSI is an II. THEHELIOCLIM PROJECT
Essential Climate Variable (ECV) as established by the Global e Heligclim Project is an ambitious initiative of MINES
Climate Observing System in August 2010 [2]. Knowledge

I. INTRODUCTION

FarisTech launched in 199ifter preliminary works in 80’s
[7] [8] to increase knowledge on the SSI and to offer SSI
The creation of the HelioClim 1 database has redefuading from the values for any site, any instant over a |arge geographical area

European Union’s Fifth Framework Programme (FP5/1998-2002) under Grant : : ; ; ;
Agreement no. IST-1999-12245 (SoDa project). Thehamst thank the and long period of time, to a wide audience. [Bje project

ADEME (French Agency for Energy) (grant no. 08 05 @®02008-2010) Comprises several databases that cover Europe, Africa and the
and the GEOSS for their support in the disseminatiorthef HelioClim  Atlantic Ocean. ThéiC-1 database offers daily means of the

databases and the European Commission FP7 funded p@NESIS ;
(http://www.genesis-fp7.eu) for its support in thanflework of the GEOSS SSl for the peI’IOd 198%82005. It has been created from

AIP-4 pilot project, leading to the implementatiofthe HC 1 web processing archives of images of_the MeteosaF First Generation_-
service. The Meteosat series of satellites are geostationary and

M. Lefévre, P. Blanc, B. Espinar, B. Gschwind, L. MéndidRanchin, L. - provide synoptic views of Europe, Africa and Atlantic Ocean

Wald are with MINES ParisTech, Center Observation, Ingpdehergy, BP . ..
207, 06904  Sophia  Antipolis  cedex,  France (email: [OF meteorological purposes. Initiated by the European Space

firstName.lastName@mines-paristech.fr). Agency, the program is currently operated by Eumetsat, a
L. Saboret,C. Thomas, E. Wey are with Transvalor Innovations, @690 European agency Comprising the nationa| Weather offices_

Sophia Antipolis cedex, France (e-mail:

firstName.lastName@transvalor.com).
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charge or no more than cost of reproduction will be
encouraged for research and educatio

The creation of the GEOSS Data Collection of Open
Resources for Everyone (GEOSS Data-CORE) was effective
in November 2010. The GEOSS Data-CORE is a distributed
pool of documented data sets with full, open and unrestricted
access at no more than the cost of reproduction and
distribution.

The GEO Data Sharing Task Force has been tasked to
identify potential data sets whose providers agree to make it
available through GEOSS under the data sharing principles
listed above. It is working closely with the GEOSS
Infrastructure Implementation Board (formerly Architecture
and Data Committee) to ensure that the updated GEOSS
Common Infrastructure will provide an effective means for
identifying GEOSS Data-CORE data sets and data services.

The HC-1 database has been identified as a Data-CORE by
this Task Force in November 2011 [1BYeviously, the HC:

Fig. 1. Example of a Meteosat image in visible chariagen on 7 September database was Op.en to researchers and students at no cost on a

2010, at 1200 UTC. Reflectance increases from blacktite. Copyright caseby-case baS|s'_ Eurther, _a compound database has been

Eumetsat, 2010. created by combining using the NASA-SSE (Surface
meteorology and Solar Energy) database, another Data-CORE

Images taken in the visible band (Fig. 1) and other bandsd the HC-1 database to enable simple access to data on solar
clearly depict clouds and more generally the optical state fsource for developing countries [11]. The NASA-SSE
the atmosphere. Several operational programs are currerifyvers the whole world; the HC-1 database brings a better
processing Meteosat images, or have processed them, in ogfgtial resolution over Africa.
to assess the SSI and create and update databases.

The HelioClim Project is such a program. The HelioC8m-
database contaird$ min values of the SSI. It has been created IV. CONSTRUCTING ACONSISTENTTIME-SERIES
in 2004 and is updated daily from images taken by the OF THESSI

Meteosat Second Generation satellites. The Helio@lim- \When the HelioClim project started in 1997, obstacles to
database should be created in October 2013 with a daihe production of a climate database were the large amount of
update. It will contain values of the global, direct and diffusgata to process, the storage capacity, and the cost of Meteosat
components of the SSI. images [3]. To overcome these obstacles, a set of Meteosat
images has been purchased in reduced spatial resolution. This
data set is called ISCCP-B2, B2 for short, and was created for
ll. THE GEOSSDATA-CORE the International Satellite Cloud Climatology Project (ISCCP).
The Global Earth Observation System of Systems (GEOSAY)that time, several researchers have successfully used the B2
is a project set up by the GEO (the Group on Earghata set for the assessment of the 33].[B2 images are
Observation www.earthobservations.org). It aims atavailable once every 3 h. Though the B2 images are built from
proactively linking together existing and planned observing resampling of original images, these images can be
systems around the world and supporting the developmenta@nsidered as having a spatial resolution oki®Gat nadir in a
new systems where gaps currently exist. One strong statemi@ist approximation [3]. The closer to the image limits the
of the 10-Year implemeation plan [9] is that “the societal Pixel, the larger the pixel size.
benefits of Earth observations cannot be achieved without datsAs for the method of converting the images into SSI,

sharing” several well-performing candidates were available. The
The following principles in GEOSS Data Sharing have bedrleliosat-2 method was selected because it was easy to
set up: implement and to operate, and well known [3]. It is based on

« there will be full and open exchange of data, metadatBe general fact that the appearance of a cloud over a pixel

and products shared within GEOSS, recognizinfgsults in an increase of reflectance in visible imagery, and
relevant international instruments and nationalurther on the principle that the attenuation of the downwelling

policies and legislation:; shortwave irradiance by the atmosphere over a pixel is

e all shared data, metadata and products will be mag§términed by the magnitude of change between the
available with minimum time delay and at minimumreflectance that should be observed under a very clear sky and
cost: that currently observed P]-[15].

o all shared data, metadata and products being free off he Heliosat-2 method and its application to the Meteosat
images are detailed in Rigollier et al. [15]. The influence of
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uncertainties in input variables on the outcomes of tt
Heliosat-2 method was discussed by Espinar et al. [1¢
Lefevre et al. have described in detail the application

Heliosat-2 to the B2 images [17]. They have concluded th§ 300
the combination of the B2 images and the Heliosat-2 meth =
is accurate enough for creating a climate database of the di i >

or monthly mean of the SSI.
Inputs to the Heliosat-2 method are not the origine
Meteosat images in digital counts (grey levels) but images
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applying a calibration function of an affine type whose twc_ 5 Correl bet " § i .
parameters vary with time. Nowadays, these parameters Bff 2. CoTesan beven e goind neasuenermginien o 5o
provided by Eumetsat with each Meteosat image. This was r@ith Africa (left) and Goteborg in Sweden (righthe red line is the 1:1
the case prior to 2004: Meteosat satellites had no onbodind.
calibration system in the visible range. To palliate this lack,
Earth-viewing approaches can be used which provide aThe deviations were summarized by the bittee mean of
vicarious calibration18]. the deviations, - the root mean square deviation (RMSD) and
The major challenge in applying the Heliosat-2 method tde correlation coefficient. Graphs were also drawn. Two
the whole B2 data set was actually the consistent calibratione&amples of correlograms are presented in Fig. 2 for the
images spanning from 1985 to 2005. For each sensor, stations of De Aar in South Africa and Goteborg in Sweden.
change of the calibration coefficients with time had to be As an example, Table 1 synthesizes the results obtained by
estimated. The various Meteosat sensors in visible channke&févre et al. [17] using 55 sites in Europe for the period June
have different sensitiviies due to small but existind994July 1995 and 35 sites in Africa for the period 1994-
differences in spectral sensor response. Each sensor canl®@7. The correlation coefficient is high in all cases and larger
operated on one of the 16 different gain levels. These gdlmn 0.9: daye-day variations are well reproduced. As a
levels were used to obtain the optimum dynamic range awdhole, the bias is negative for Europe (underestimation) and
were adjusted as required. These changes affect the sensitipipgitive for Africa (overestimation). The bias varies from one
of a given sensor and are to be compensated accordingly byyaar to another and from one site to another. For example, the
adjustment of the operational calibration coefficients. bias for De Aar is negative (-0.2 Wrfor a mean SSI of
The difficulty was increased by the numerous changes ##1.3 W n?, Fig. 2 left) and that for Goteborg is positive (6.9
sensors over the period considered. Images from six satellism? for a mean SSI of 143.3 WnFig. 2 right), contrary
(Meteosat-2 to -7), i.e. six sensors, were used for creating tieethe overall trend. The bias is of order of a few percent in
HC-1 database. In case of failure, maintenance or otheglative value. The relative RMSD ranges between 15 and
reasons, the operational satellite was replaced by its sp2f&b, i.e. greater than the uncertainty of the pyranometers.
during a period lasting a few days or longer. During this The accuracy of HC-1 data in retrieving monthly means of
period, up to 28 changes in sensor were experienced, figé SSI has been studied by a comparison between eleven
counting changes in gain [19]. A method for the selfstations offering long time-series of measurements [3]. Results
calibration of Meteosat images was proposed by Lefevre et gle similar to those of Lefévre et al. [17]. A good agreement
[2_0] a_nd an operational version of thl_s method was d_ewsed Wés observed for each site: bias was less than 10PW m
R|g_oll|er et al. [19J to produ_ce a_con5|ste|_1t_set of B2 images of These cited works demonstrate that the HC-1 database
radiances. A series of calibration cogfﬂments was producefers good quality for Africa, the Mediterranean Basin, and
for each day, from 1985 to 1998, _avallable on Int(_ar_net. Aftehore generally for latitudes comprised between -45° and
that date, Eumetsat produced daily sets of coefficients. Thgse Qutside these limits, the quality may decrease because
similarity of the two series of coefficients was demonstrategk ihe increasing effects of the reduced resolution in time and
[21] and a conS|st_ent time-series of images of radiances W8%ce of the ISCCP-B2 images used as inputs [3]. This
constructed spanning from 1985 to 2005. decrease in accuracy is not a systematic effect and local
conditions may prevail. For example, the bias is respectively 7
W m” for Goteborg (latitude 57.70, fig. 2), an@ W m? for
V. THEHELIOCLIM -1 DATABASE Helsinki (latitude 60.32) [3]. One should be cautious in using
The accuracy of the HC-1 data has been asselSged HC-1 data in high latitudes and in any case where the
comparison with ground measurements made by high-qualitgiriability in SSI with respect to space and time is large for
pyranometers on a daily basis [17}2][25] and monthly scales of order of 10 km and 1 h, apart from the variability
basis [3]. If well-calibrated and well-maintained, thesénduced by the sun course.
pyranometers exhibit a relative uncertainty of 10% of the daily
mean of SSI at a 95 per cent confidence level [26]. The above-
cited authors have computed the deviations by subtracting the
ground measurements from the HC-1 data.

Measurements (W/m2)
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TABLE | time it centrally collects, screens, archives and publishes

Siiif:E%ZLﬂfggiﬁSGEEEB’EESNIJ;‘Wﬁ%%:ég&':’sfﬁs;ﬂg radiometric data for the world, to ensure the availability of
RMSDARE ALSOEXPRESSED INPERCENT OF THEMEAN VALUE these data for research purposes by the international scientific

Mean  Bias RMSD  Correlation  Numberof community. As examples, Figure 3 exhibits monthly means

value coefficient data for the stations of Inhambane, Mozambique, on left and

Europe 143 (_éfﬁ)) (23;@ 0.94 12701 Addis-Ababa, Ethiopia on right, during the period 1985 to
Africa 223 5 36 0.90 35789 2005. In both cases, there are gaps in measurements at both
(2%) (16%) sites: the measurements (red diamonds) are available for a

limited number of months over the whole period. Therefore

Blanc et al. [3] have concluded that the availability of theseariation in SSI with time cannot be depicted with the sole
HC-1 time-series for virtually any location in the fiedview measurements.
of the Meteosat satellites should help any community Estimates from theHC-1 database are also reported in
interested to perform steps towards a better knowledge of thigure 3 and one notes visually that the agreement oL HC-
SSI and its variation over recent years, even if uncertainty W§th the actual measurements is fairly good for Inhambane
currently too great for accurate analyses of climate. (left). The black line (HC-1) matches the diamonds of the

One limitation to the value ofiC-1 database is that the measurements. In that case, the-HC data may help in
Heliosat-2 model behind use monthly climatological values dflling the gaps in-between the WRDC measurements. If an
the Linke turbidity factor as the sole descriptor of the cleagccurate sort of calibration function can be found between the
sky optical conditions. The Linke turbidity factor is aHC-1 values and measurements for a given period and given
convenient approximation to model the atmospherigite, then the entire set of HC-1 values for this site can be
absorption and scattering of the SSI under clear sky. Thansformed into an accurate and complete time-series
climatology of Remund et al. [27] comprises 12 maps, one p@producing the measurements. This example illustrates that
month, covering the world by cells of 6f arc angle in size. the HC-1 database can be used in combination with ground
As a consequence of this use of climatology, for a given siteeasurements to depict the change in SSI over the 21 years
and a given day, the SSI under clear-sky is constant from ygariod, and may palliate gaps in ground-based measurements.
to year. Any change in aerosol properties is not accounted forAnother use of HC-1 is to help validate and identify
Volcanic eruptions release large amounts of ashes in tigmaining problems in measurements. Though WRDC
atmosphere, increasing the scattering of the sun rays by Biforms a quality check on pyranometer measurements

atmosphere. The beam component of the SSI, also calf% ore releasing them with a quality flag, and that only

direct component, is the SSI coming from the direction of ﬂ}unquesnonable data have been downloaded from WRDC in

S hile the diff tis th f radi %is article, one may see unexpected features in the
un, while the difluse component 1S the sum of radianCez, »surements in the case of Addis-Ababa (Fig. 3 right, red

originating from all other directions from the sky vault. Th%iamonds). Ground-based measurements in 1382 are
global SSI is the sum of the beam and the diffuse, and is '%?ﬁproximately half of those in 1988989, a difference which
affected by such events than the beam component becaj4sgnexpected even taking into account the possible effects of
most of the radiation is scattered in the forward direction kyie aerosols emitted by the eruption of Mount Pinatubo in
the aerosols. June 1991, Philippines. There is a very large discrepancy
Based on numerous comparisons between ground-masiween ground-based measurements and HC-1 data, contrary
measurements and the HC-1 data, an empirical model wasthe previous case. Given the usual good performance of the
developed that produces an uncertainty for each daily megC-1 data reported in a number of other locations, and the
equivalent to a RMSD [28]. Inputs to this model are the SSurrent knowledge on changes of SSI over the years, one may
from the HC-1 database, the SSI that should be observgglieve that this station experienced measuring problems
under a clear sky for this day and location [29], and th#@ough it may be admitted that the HC-1 data might not be
number of B2 images used to construct the daily meaneof thccurate in this particular location. Though an extreme case,
SSI. As requested by users [30], this uncertainty is delivergtls example shows that the HC-1 database may help in
together with the daily mean of the SSI. qualifying ground-based measurements by showing noticeable
drifts in measurement quality. UsindC-1 daily values, one
may go back to a questionable data set and maybe locate and
VI. USINGHC-1DATA TO ANALYZE AND COMPLEMENT identify the suspicious data and rehabilitate them.
GROUND MEASUREMENTS

The HC-1 data may be helpful in analyzing and
complementing time-series of ground measurements. To
illustrate these capabilities, the authors have collected monthly
means of ground-based measurements of the SSI made by
pyranometers from the World Radiation Data Center
(WRDC). The WRDC was established in 1964, and since that
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Inhambane (Mozambique, 2213 5, 35.38 E, 14m) www.webservice-energy.org, and is published in the geo-
. o7 catalog of this portal (geocatalog.webservice-energy.org). A
£ o= | + WROZ rhamoene TG inhameane set of ISO 19139 metadata describes the WPS. The following
g 1 % X
E im 7 BaagAataiRe0 6110 Fk1on, keywords recommended by GEOSGEOSS Data CORE,
B T f;. #lx T ‘H‘, A8 ,"* £ :{?‘ o 1 Al Y PR L]
£ m_tr.‘ Wil i TR A Lv‘""' 1931 7 TLELA ] 1] geossDataCore, and geossNoMonetaryCharge have been
: ' UV YUY My gy Yl . . ; .
- ¥y ¥y ¥ ¥ ¥ U ¥ DI B yU LYY y written in one of these metadata fields, thus providing the
£ o : necessary information related to the use and constrains
= attached to this service. During th8 ghase of the GEOSS
Seor T aTer T esor aied T aaed T meor T Wl eer oror © oaor | oo Architecture Implementation Pilot whose results were
Manth presented at Istanbul in 2011, an application has been devised
and set up temporarily on the web site of the European-funded
A o SRR R ST RO E A GENESIS project exploiting this WPS in order to deliver SSI
o time-series for up to five locations at the same {i34¢.
£ o New means of access deal with maps. Yearly means of
g B v“,g:l sl A I "'J‘" kL 0 A irradiance were mapped for each year between 1985 and 2005.
) VO IS | et PPN RPN ] Y - .
£ Zzz ~q, 1 v P ¥ A Web map server was established at webservice-energy.org
o 1 e k! . . . .
f . : i to interactively display these maps. These maps are available
- ol = e in the geo-catalog as well as in the WebGIS of the Global
= = ¢ WRDCAddsAboba  —+-HOTv4AdSeAbeba Atlas of the IRENA (International Renewable Energies
R P o S o R W L V Agency, WWW.irena.org/globalatlas/).
Month
Fig. 3. Monthly means of the SSI from HC-1 (crosses dadkbline) in
Inhambane, Mozambique (left) and Addis-Ababa, Etlsdpight), during the VIIl. EXAMPLES OFUSE OF THEHC-1 DATABASE
period 19852005 and comparison with the available ground-based . . . .
measurements (WRDC) (diamonds). The HC-1 database is of free access without registration.

Therefore, exact uses and users of the HC-1 database are
unknown. A few testimonies have been left in the SoDa web
VIl. HOW TOACCESS THEHC-1 DATABASE site where the HC-1 data can be downloaded. For example,

The SoDa Service (www.soda-is.com) was selectednas ere is_a t'estimony from a company ;tudying t_he maximum
efficient means to disseminate the HC-1 database. This | impinging on their gas tanks in a risk analysis, and other

site was established by MINES ParisTech in 2003 [31] and fom MSc and PhD students in renewable energy, climate or

managed by the Transvalor company since 2009 for tF'il(;“;chltecture. Other uses of the HC-1 database can be found in

common good. The service is widely used by communiti&Ub“Shed literature; several are briefly described hereafter as

interested in solar radiation. There were approximately 35086amples.
unique visitors to the Web site in 2012. Therefore, being pa&t Oceanography

of it, the HC-1 database benefits from the reputation of the The Sgj is an element of the radiation budget, an essential

Sdba Service. Transvalor is providing a helpdesk for alomponent in the modeling of the ocean. The network of
resources available in the SoDa Service, including thelHCgtations measuring radiation is very scarce in the ocean and

database. coastal areas. Lefévre et al. [35] have proposed to use the

Data can be retrieved by users using a standard Interpt 1 Jatabase in support of the Global Ocean Data
browser, freely without registration. The graphical usekssimilation Experiment (GODAE) [36].
interface allows selecting a given location on a map, or bypyacho et al. [37] have studied the effects of internal tidal
entering geographical coordinates or name of a place, &ghves on near-surface chlorophyll concentration in the central
Nice, France. Other inputs are the period (dates begin and efghion of the Biscay Bay in N-E Atlantic Ocean. They found
and the period of aggregation: day, week, or month. Outputsat high values of chlorophyll concentration can remain for
may be either displayed on the screen in HTML format afeveral days after the peak of internal wave activity (spring
returned in a CSV file in ASCII format. Outputs comprise théides). A simple model that uses HC-1 data has been
mean SSI, its uncertainty, the corresponding irradiation, tlieveloped to account for the effect of light variability in
irradiance at the topf-the-atmosphere and the SSI that woulghytoplankton during internal wave events.
be observed if the sky were clear. In one click, one may
download 21 years of daily mean of SSI at a given site. B. Climate

Efforts were recently made to offer access through an OGC o ) )
(Open Geospatial Consortium) standard Web processingSeveraI publications have studied the benefit of thelHC-
service (WPS) taking benefit from the interoperabi|it)ﬂatabase in climate studies. Blanc et al. [3] [24], Lefévre et al.
promoted by GEOSS [32]. This WPS is a means to access thé] and Wald et al. [23] show that the monthly and yearly
HC-1 database by a computer without human interaction [3301eans of the SSI depicted in the H@atabase follow closely
It is located in the GEOSS energy community portathose observed in measurements made in meteorological
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networks for many sites in Europe and Africa, and concludiata were used for the latter. As results ideal energy mixes,
that the HCt database offers a reliable and accuratgeneration sites, storage and interregional power transmission
knowledge of the solar radiation and its daily, seasonal af@pacities require;d for different scenarios of highly renewable
annual variations over recent years. supply were obtained. o _ _

Abdel Wahab et al. [22] have studied changes in SSI from The state of the art of residential PV systems in Belgium
1985 to 2005 in Northern Africa (Algeria, Egypt, Libya,Was performed by Leloux et al. [S0] by using HC-1 data and
Tunisia) using both ground stations and the HC-1 databad@alyzing the operational data of 993 installations. They found
They have established a map of change and found that thB¥¥ the energy produced by a typical PV system in Belgium is
four countries as a whole experienced dimming in the recelt% inferior to the energy produced by a very high quality PV
years that may be explained by (1) transportation of sand dggstem, and, on average, the real power of the PV modules
northwards from the Sahel, (2) an increase in urbanizatidialls 5% below its corresponding nominal power announced i
and (3) an increase in cloud cover and aerosol loading. the manufacturer datasheet.

- ; The passive house concept has been developed in German

C. Solar Energy and EI?ctr|C|ty Produc?‘tlon . _since ?991. Using HC-1 aspinputs in their simrlj,llation, Rotar g

The HC-1 database is often used in the form of time-seriegyq Badescu [51] studied if the design solutions developed in
for a given location. It has also the ability to being integrate@ermany ensure the fulfilment of passive house standard
into geographic information system (GIS) to produce maggquirements when implemented in areas with different
showing the potential of sun for energy production [38]. Faflimates, such as South-Eastern Europe.
example, theHC-1 datahave been integrated in the PV-GIS
system of the Joint Research Center (Ispra, Italy), an efficient . ..
tool to assess the solar electricity potential by photovoltaﬁgs' L|fe.Cyc|eAna|yS|sm Solar Energy
(PV) in Africa [3940], and in a further step to help decision- 1he life cycle assessment (LCA) documents and analyses
makers in energy solutions [41]. By adjusting the HC-1 datR® different impacts over the environment due to the
onto in-situ measurements made at 14 sites, Pettazzi &igstence of the system, from the manufacturing to the
Salson [42] obtained a very accurate map of Galicia, Spafismantlement and recycling. Several stydles deal V\.lltlh. grid-
for energy planning and private investment. connected PV systems. B_Ian_c et &P][studied the sensibility

Several articles have proposed methods calculating tRE the LCA to changes in inputs and found that the solar
energy produced by a PV system connected to the grid, amdﬁgdlatlon brings .the. greatest varllatlon on enV|ro.nmentaI
which [43] [44] used HC-1 data. Dekker et al. [45] used th_ugn_pact_when con5|der|ng_French regions with large difference
HC-1 database for off-grid residential applications in Soutif irradiation level as depicted by the HC-1 data.

Africa. To better take into account the influence of the geo-
Small hydropower plants most oftese “run of river” and localization of PV systems on their environmental
may not satisfy power demand all year long. In equatori@erformances, Ménard et al. [32] [34] developed a Web-based
Africa, the least favorable season for hydropower resouré@0! aiming at providing decision-makers and policy-planners
corresponds to the dry season when solar resource is higfij reliable and precise knowledge of several impacts
available. Kenfack et al. [46] studied combinations of othdpduced by the various technologies used in the PV sector.
renewable sources to form a hybrid system that can hé#sers were able to select up to five Igcanons in Europe. The
solving rural electrification problems in a village inSS! frpm the HC-1 database was provided for eachllocat|on in
Cameroon. Using HC-1 data, they concluded that one the m@&gpPhical and tabular forms and users were comparing them in
judicious combinations is the use of PV together with a dies@fder {0 €.g. select the most appropriate site for a PV plant.
and batteries. Bilton et al. [47] developed a method for anPerpifian etal. [53] have done a review of existing studies

optimal design of sustainable off-grid power systems for tHiP0ut LCA and completed the information in order to

developing world. HC-1 data were used as inputs in tI{éalculate the energy payback time of double and horizontal
illustrating case of a hospital in Uganda axis tracking and fixed systems. The HC-1 database was an

Suri et al. [48] analyzed the variability of solar radiation jjnPut to their model. They concluded that a grid connected PV

. : . system is able to produce back the energy required for its
the Mediterranean and Black Sea regions by comparing year&'stence from 6 to 15 times during a life cycle of 30 years,

e
and monthly averages to long-term average values calculaga ending on the geographical zone studied

from the HC-1 database. They concluded that the solar
resource has distinctive time and geographical patterns that
might affect financing of large photovoltaic systems, as well. Agriculture - Forestry - Ecology
as management of the distributed electricity generation. Researchers in agriculture and forestry often build radiative
The integration of wind and solar energy was discussed bydget to estimate gross primary production, net primary
Aboumahboub et al. [49] who underlined the challenge causprbduction, and net ecosystem production, or to simulate crop
by the high temporal and geographical variability of thesgrowth. In several cases, the HC-1 data were used as inputs to
resources. These authors investigate the optimal structure ohéiative budget models to predict production [54], or estimate
prospective renewable-based power supply system on tewapotranspiration [55]. Bois et al. [56] analyzed the
different scales: on the global and the European let#sl relationship between the Bordeaux vineyards terrain and the
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change in irradiation with space and time as depicted in tpéausible values. They may supplement the situ
HC-1 database. measurements to provide 21 years of daily means of SSI.

The Breitenbach is a single small stream located in Hesseithe HC-1 database has many usages as illustrated by
in Central Germany, whose ecology has been studi€famples given here in various domains: oceanography
extensively from 1951 to 2006. Wagner et al. [57] wrotélimate, energy production, life cycle analysis, agriculture,
“HC-1 daily data demonstrated such amazing agreement wifelogy, human health, and air quality.
our data that they can always be used to compensate for gapd'® HC-1 database is freely available at no cost. Several
in our measurements.” means of access are available: from graphical user interface in

Lack of solar radiation data has led many researchers qOWeb. browser to automated access by computers. Not
propose methods for estimating the SSI from oth ccounting for requests made by MINES ParisTech anq
meteorological data, such as air temperature or sunshipgnsvalor, approximately 104000 requests were made in

duration. Mavromatis [58] has discussed several such methqy2 © the HC-1 database by users, ten times more than

and has used the HC-1 database as a reference to assessthelr® it was declared a GEOSS Data-CORE. This makes an
relative performances. average of 400 requests per workday and demonstrates the

usefulness of the HC-1 database
The HC-1 database is a full GEOSS Data-CORE and
F. Health - Air Quality supports research and business by providing data of known
Boniol et al. [69] conducted a study to compardludlity on surface solar irradiance. Several examples of use of
measurements of UVA and UVB exposure of childrefiC-1 data were found in scientific journals in various
recorded with personal dosimeters with assessment througAnains. This paper demonstrates through case studies how

detailed questionnaire and satellite measurements. The §8¢h freely supplied data on solar radiation support research,
and business in various domains. This

from HC-1 into UVA VB usi ge"e'o"me'f‘t ;
rom HC-1 database was converted into U and U usin emonstration of the benefit of the HC-1 database should draw

re attention to resources open to everyone such as those
eled GEOSS Data-CORE.

the method proposed by Wald et &l0]; It was concluded that
using the HC-1 database gives a fairly good estimate o)
individual UVA and UVB exposure and could be used to
estimate actual exposure. It was further decided to construc
database of daily ultraviolet exposure in France to begin wit
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then in Europe from which exposures to regions and 1N€ authors thank the anonymous reviewers whose
individuals can be assessed and monitored [61]. This databg&§Stions and comments help in bringing more clarity in our

has been partly created from the HC-1 database.

Paulescu et al. [62] developed a model to predict daily
changes in UV. They converted the SSI extracted from the
HC-1 database into UV radiation with the same method as
above [60] and used the results to validate the capability Bf
their model to reproduce dag-day variability.

Summer 2003 was one of the hottest in the history of
Western Europe. Anomalous anticyclonic conditions led to an
increase in the monthly mean of the SSI of 20% with respe[a
to the mean value for the 10 previous years. This was clearly
seen in the HC-1 data. These data were used by Tressol ef3al.
[63] in their analysis of the air pollution during this heat wave.

(4]

IX. CONCLUSION
(5]

HC 1 is a database of daily mean of SSI that offers good
quality for Africa, Europe, the Mediterranean Basin, the?

Atlantic Ocean, and more generally for latitudes compris 8]
between -45° and +45° and provided that the site under
concern is not located too close to the rim of the Earth as séén
by the Meteosat satellites. In the latter case, the large viewing
angle may induce a shift in the actual location of clouds and,
in conjunction with the corresponding large size of the pixelgg]
may contribute to decreasing performances in the case of
fragmented cloud cover [62]. 9l

[
This article has shown the possible synergy of the HC-1 data
and in situ measurements. The HC-1 data may help R0l
qualifying thein situ measurements by providing ranges of

work
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