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Abstract. We present a methodology for estimating solar radiation climatologies from a sparse network of
global radiation antr sunshine duration records: it allows to obtain high-resolution grids of monthly normal
values for global radiation (and for the direct andfue components), atmospheric turbidity, and surface
absorbed radiation. We discuss the application of the methodology to a preliminary version of an Italian
global radiation and sunshine duration data set, which completion is still in progress and present the resulting
1961-1990 monthly radiation climatologies.

1 Introduction verting sunshine duration data into global radiation (if globa
radiation data are not available for the site), (ii) decompos
High-resolution datasets of monthly climatological normals ing global radiation into a direct and afiilise component,
(i.e. high-resolution climatologies) have proved to be in- (iii) gridding direct and dituse components of global radia-
creasingly important in the recent past, and they are likelytion, (iv) evaluating atmospheric turbidity over the same grid
to become even more important in the future. They are usedby means of the direct component of global radiation, (v) cal
in a variety of models and decision support tools in a wideculating direct, dfuse and reflected components of global
spectrum of fields such as, just to cite a few, energy, agricul+adiation for any cell of the used grid, taking into account|
ture, engineering, hydrology, ecology and natural resourcets slope and aspect and considering shading, (vi) calculaf
conservationDaly et al, 2002 Daly, 2009. ing the corresponding absorbed radiation by means of land

One of the most important variables for a lot of possi- Use-based albedo estimations. The first application of the

ble applications is solar radiation. Even though some ex-methodology consisted in the estimation of global radiation
amples of solar radiation climatologies are already availableclimatologies §pinoni 2010 that have been used as proxies
for ltaly (see e.gLavagnini and Jibril1991 Petrarca et gl.  to support the construction of 1961-1990 temperature cli
200Q Suri and Hofierka2004, they sifer the lack of a ~ matologies for Italy. For this application we were mainly
dense network of long records of observational data. interested to the result produced at the last point. Other a

In this context we set up a research program with the aimplications, however, might require the results produced at th <

of (i) setting up an extensive data base of Italian global ra-other points or modified versions of them (e.g. for solar en
diation and sunshine duration records and (i) developing &rgy Production it might be interesting to produce the resul
methodology for estimating high resolution solar radiation ©f Point v, substituting the slope and the aspect of the grid
climatologies from these records. Sunshine duration record§ell. with values corresponding to an hypothetical panel in
have the great advantage, with respect to global radiatiof$olar plant).
records, of a much larger data availability, especially when The paper aims at presenting this methodology and shov
long-term records are considered. ing a preliminary version of radiation climatologies obtained
The methodology for estimating solar radiation climatolo- applying it to the Italian global radiation and sunshine du-
gies from global radiation aror sunshine duration records ration records that are already available in digital form,
has been developed within a Ph.D. thesis recently conclude@he climatologies are represented on the USGS GTOPOSJ
at Milan University Gpinoni 2010. It consists in (i) con-  Digital Elevation Model grid SGS 1996, i.e. with a
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30 arc-second resolution, corresponding to about 700m ir
the W-E direction and about 900 m in the S-N direction. This *
DEM has also been used to estimate the slope and the aspe*
of the surface and the rate of shading due to the surroundin..s
areas.

a4
43

2 Sunshine and solar radiation data e

The activities aiming at setting up an extensive data base Q"

Italian sunshine duration records are in progress. They will* |

include the digitisation of a great amount of data that are & el

available only on paper forms, allowing to greatly extend the .. | °

records that are available at present time. The result will noi : M

only be used for describing the spatial distribution of solar ra- "' : . .

diation normal values, but will also allow the temporaltrends * ° ~ ¢ ° © " = @ owowowowmow e

over diferent climatic regions of ltaly to be studied. Figure 1. Stations with sunshine duration records. Red dots: also
The new data set is however not available yet. So, Wegjopal radiation available.

started to develop our methodology with a more limited data

availability. In particular we considered monthly records

which are already available in digital form from Italian €xclude from the analyses the records which seem to exhibit

Air Force, ENAV (vww.enav.ij, CRA-CMA (http;/www. the largest bias due to missing data in the 1961—-1990 period.

Cra_cma_i):, some regiona' Environmental Agencies and the Besides the reCOI’dS from the I|Sted sources, we COﬂSid-

European Solar Radiation Atlakdsten et al.1984. The  ered also monthly 1961-1990 normals from a monographic

standard method for sunshine duration observation was thB0ook (Cat Berro et a].2003 and from the web for a few more

Campbell-Stokes instrument; we have however not yet fullltalian stations and for about 30 stations of the surrounding

information on the measures as the data and metadata collegountries (France, Switzerland, Austria and Slovenia).

tion is still in progress. The final data set used in this paper consists of 158 sta-
A significant part of the data used in this paper is avail- tions (see Fig. 1). For all stations, being they declared at

able from the web (sebttpy/www.scia.sinanet.apariand  WMO standard, we assume they are far away from surround-

httpy/www.cra-cma.jf). The main deficit of these data is that N9 shadlng_obstacles. For 31 of the stations, be§|dgs the sun-

many records cover rather short time periods and only a miShine duration records, we also use global radiation 1961

nor fraction of them has no missing data in the 1961—19901990 monthly normals. These stations are from the Italian

period. So the monthly station climatic normals which canAir Force network (segww.meteoam.jt

be obtained from these records are not completely represen-

tative of this period. This problem may introduce a signif- 3 Estimating flat surface solar radiation grids from

icant bias as it is well demonstrated that sunshine duration station data

and solar radiation are not constant through decades: records

show a “g|0ba| ear|y brightening” period approximate|y be- 3.1 Converting sunshine duration to g'Obal radiation

tween 1940 and 1950,“a "global dim_ming”_pe'r,iod petween.l.he first step of our procedure consists in estimating the
1950 a"?ﬁ'j 198IO and 'a EIObaI late brlglztenlng perlc;‘d after monthly clearness indeX() values for all the stations of our
1980 ild etal, 2005 Ohmura 200§ Wild, 2009. Further- a4, set that do not have global radiation data. The clearmess

more, solar radiation and sunshine duration are influenced andex is the ratio between the global radiation received by a
great volcanic explosions such as, e.g. Eyjafje_ikajl (Ice- surface Hr) and the exo-atmospheric radiation received by
land, 2010). Due to these and other facts, which cause varig o <, ma surfacédp) (Gueymard2003). K, includes cloudi-

ability over a Wid,e range ,Of time scales (see &gunetti et ness and turbidity. Following the Angstrom-Black’s equa-
al., 2009, sunshine duration data that are not related to thetion (Black et al, 1954, it can be estimated from relative

reference period should be handled with care. A complete SOsunshine duration (i.e. from the ratio between the number of

Iutlon. to this problem will be possible only when the fu'II data sun hours measured by a sunshine recor@®arfd the solar
set will become available, as the conversion of all station nor-

mal values to 1961-1990 normals requires the knowledge o?ay length from sunrise to sunseb):

the spatial distribution of the time evolution of sunshine du- , = Hr —a+ bi 1)
ration over Italy. At present time we only fixed a minimum 0 So

length of the records (10yr) and performed some prelimi-In Eq. (1) we consider sunshine duration as representative of

nary comparisons among neighbouring stations in order tdhe 15th day of each month and we use corresponding values
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Table 1. Monthly a, b codficients in Eq. (1) and corresponding

standard errors based on the 31 Italian Air Force station with botrSUmMe that our sunshine duration data, being measured ung

global radiation and sunshine duration data.

Month a+o, b+ oy
January 0.168:0.02 0.69+ 0.06
February 0.1%20.03 0.71+0.08
March 0.21+ 0.03 0.65+0.06
April 0.18+0.03 0.72+0.06
May 0.18+0.03 0.69+ 0.05
June 0.18-0.03 0.68+ 0.05
July 0.21+ 0.05 0.61+0.05
August 0.22+ 0.03 0.58+ 0.05
September 0.2Z 0.03 0.52+0.05
October 0.22: 0.02 0.60+ 0.04
November 0.1& 0.02 0.65+ 0.04
December 0.140.02 0.67+0.06

for Sp andHp: they only depend on astronomical and ge-

ographical factors and they can be calculated according t&oler, 1995:

standard procedures (s8pinonj 2010for details).
Actually, before using Eq. (1) for estimating the monthly

clearness indexes of all our 158 sites, we use the sites with

global radiation data to estimate the fit@entsa andb. The

results we obtain with present time data availability (31 sta-
tions) are shown in Table 1, together with their standard er+ions for all our stations.

rors. Beside these cfiients, 8 other alternative sets of co-
efficients found in the literaturdRetveld 1978 Landsberg
1981, Andretta et al. 1982 Igbal, 1983 Newland 1989
Gopinathan and Soletl995 Akinoglu and Ecevit 1990
Coppoling 19949 were tested. The errors turned however out
to be larger than the ones obtained with theffioients tuned
on Italian data and so we prefer using thesdiogents. The

21

tion by means of the so called decomposition models (we a$

WMO standard conditions, are not influenced by reflected ra
diation). In particular, we use a decomposition model base
on Eq. (3) (gbal, 1983.

Hy
Kgif is the difuse radiation fraction of the global radiation re-
ceived by a surfaceq; is the corresponding direct radiation
fraction, Hgir andHg;; are the difuse and direct components
of global radiation.

Decomposition models should be based on local datd
However, when local data are not available, models whicl
are reasonably valid worldwide can be used, e.g. the third of
der polynomial model used in the European solar Radiatio
Atlas (Erbs et al.1982 Scharmer et 812000 or the models
proposed byPage(1964); Igbal (1983; Reindl et al.(1990
and Gopinathan and Solgi999. In our methodology we
use Spinonj 2010 the following relation Gopinathan and

Kair = Kait + Kgir =1 3

>

-

S

Kqt =0.878-0.3328K - 053" @)

D

Therefore, in the second step of our procedure, we calculat
by means of Egs. (3)—(4), the monthlyffdise and direct frac-

-

3.3 Gridding of direct, diffuse, and global radiation for flat
surfaces

The third step of our procedure consists in using, for eac
month, direct and diiuse components of station global radi-
ation to construct high-resolution grids covering all the Ital-

=)

1%

(xy)
- ©®)

Mean Absolute Error (MAE) over all months and stations ian territory. This gridding procedure is performed, on eacl
gives a synthetic information on the ability of Eq. (1) to get node of the USGS GTOPO30 DEM, by means of an Invers
the observed clearness index: it results 0.021 with our coefDistance Gaussian Weighting (IDGW) spatialisation model
ficients whereas it ranges between 0.025 and 0.108 with theising Gaussian radial weights/t) for the contribution of
8 other alternative sets of cfieients. When the full dataset each station:
will be available, the estimation of the clearness index from
sunshine duration data has to be studied more in detail byv{ad(x,y)zexp(— )
investigating the use of local cfigients (see e.gscharmer
et al, 2000 and by trying to consider other variables beside whered,(x,y) is the distance between th¢h station and the
sunshine duration. considered grid-cell andy is a codficient regulating the de-
Once the monthly clearness index values are available, therease of the weighting factor with distance: it is chosen if
corresponding global radiation normals can simply be calcuorder to have weight equal to 0.5 at distadce
lated as: -
d2
In(0.5)

Hr =K Ho (@ G- ©)
On the basis of present time data availability, we chabse
50 km.

When the full dataset will be available, we will also use
more complex spatialisation techniques, trying to take intq

" account the #ect of geographic variables.

3.2 Decomposition models: from global radiation to
direct and diffuse radiation

After global radiation normals are available for all stations
we estimate the direct andfflise components of solar radia-
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dure allows obtaining monthly atmospheric turbidity 1961—

0123 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32
n " L s L L L L n n n n L L

. Lo e en 1990 normals over the same grid used to spatiddige
o Rt
| ‘ : = § 5 Solar radiation model for inclined surfaces
“1 &7 ha I | Once we know the turbidity of the atmosphere, we can cal-
gl - i “ss. . I culate the solar radiation received by inclined surfaces. This
=z T T g N calculation requires the knowledge of the slope and the as-
S . . g . _ ! pect of each grid-cell, as well as the evaluation of the shad-
ol 9 i "% & 5 * | ing due to the surrounding grid-cells: this information is ob-
b W tained by means of the GTOPO30 DEM.
1 i N ol i Direct radiation for inclined surface$i[]”) is calculated
% 7 *~(j““~*"’""j7"‘7——// - with a slightly modified version of Eq. (7), i.e. introduc-
S o . - , ing a binary factor] that represents shading: it is obtained
5 & 7 & 5 o % w w1 e w by exploring the grid-cells surrounding each node of the
LON [deg] GTOPO30 DEM and checking, with a 5-min time resolution,

if the path from the node to the sun does or does not intercept

the DEM surface. If the grid cell is shadowed in the 5-min

interval that we use in the integratiahjs set to 0, otherwise

it is setto 1. In this casé. is naturally calculated taking
The gridding procedure allows obtaining monthly high- into account the slope and the aspect of the surface.

resolution fields of direct, diuse and global radiation that sunset

are representative of flat and non-shaded surfaces. Figure B = Eq I (f dh J cosBinc)exp[Te ma sr(ma)]| (8)

shows, as an example, the yearly average global radiation sunrise

that we obtain for such surfaces with present time data availactually, in spite of the analogies of Egs. (7) and (8), they

Figure 2. 1961-1990 yearly average global radiatior/éié/x m?
on flat surfaces.

ability. are used in a completelyférent way: in fact in Eq. (7), we
know Hgir and use it to getg; on the contrary, in Eq. (8) we
4 Evaluation of the turbidity of the atmosphere know Tr and use it to get{;”".

Diffuse radiation for inclined surfaced ) is calculated
The fourth step of our procedure consists in evaluating theconsidering dfuse radiation as isotropic (as it is usual in so-
spatial distribution of atmospheric turbidity. This evaluation lar radiation models made for climate-related purposes). In
is based on the following relatiohgpal, 1983: order to obtain the grids, we just multiply thefidise radi-
sunset gtion rec_ei_ved by a flat surface by the sky vigw factdr)(
Hair = Eo lo (f dh cOS@inc) eXP TE Ma 6r(Ma)] (7) - the visible fraction of the sky from the grid-cell. In our
sunrise procedure this factor is assumed to be dependent only on the

. . I _ slope §) of the grid-cell itself. More details on this assump-
whereHyg; is the direct component of global radiation calcu tion can be found iChung and Yur{2004).

lated for the 15 day of each month as described in the previ-

ous sections!,:_olis the gccentricity factor (i.e. the correction Hinel _ Ve Ve 1+cos@) )
due to the elliptical orbit of the Earthly is the solar constant, dift = Mdif VF, - VE= T

Oinc is the solar angle of incidence and the exponential part . o il

explains the attenuation due to the atmosphekes the tur- Reflected radiation for inclined surfacds{f') is calculated

bidity factor,ma is the optical air massi is the Rayleigh's 25

dep.th of the atmospherélr represents the tur.bidity of the Hig?' _ (Hg;rcl+ ng?fcl) Osre, Osp=1-Vi (10)
vertical column of the atmosphere over the grid cell: clouds,
water vapor, pollution, fog, ozone, and many other factorswhereOsE is the obstructed sky factor (s€dung and Yun
are included inTe. 2004, i.e. the obstructed portion of the sky andis the

For each point and each month we search forftadest  ground albedo. In our procedure we assume for the albedo
matching theHgir in Eq. (7). We consider for the integra- the value which we attribute to the grid-cell itself, even
tion 5-min time intervals (d) and calculate the time depen- though the reflection is due to the surrounding cells. This
dent variablesé,c, ma anddgr) over each interval. In the approach is justified as the very limited contribution of re-
calculation ofmy andsr we also consider elevation and take flected radiation that we have with a DEM resolution of 30
into account the refraction of the atmosphere (sasten and  arc-seconds, does not justify the much greater complexity
Young, 1989 Rigollier et al, 2000. Details on the calcula- which would be necessary in order to take into account the
tions can be found ispinoni(2010. This step of the proce- slope, aspect and albedo of the surrounding grid-cells.
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Figure 3. 1961-1990 yearly average global radiatiorytiéyx m?.
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Figure 4. As in Fig. 3, but for January.

the website:httpy/bioval.jrc.ec.europa.gproductgglc2000

glc2000.php and on the basis of literature albedo- MAER is under the threshold of 5%, but such a validation

cloud cover relations (see e.gdummel and Reck
1979 Henderson-Sellers and Wilspi983 Wilson and
Henderson-Selleyd985. Albedo is not corrected for fresh

snow cover in winter, because snow climatologies for Italy 7 conclusions and area for further work

are not available.

Once direct, dtuse and reflected radiation are available, We described a methodology for the construction of sola

LAT [deg]
]

39" 4

38

37 s

12° 13° 14" 15" 16" 17" 18 19" 207
LON [deg]

Figure 5. As in Fig. 3, but for July.

The final results are 1961-1990 monthly climatologies fof
global and absorbed radiation. Some examples are shown
Figs. 3-5.

6 Validation

We performed a validation of the preliminary climatologies
that we present in this paper. This validation is based on
subset of 28 of the Air Force stations with 1961-1990 global
radiation normals: they were selected focusing only on stg
tions located in non inclined grid-cells. In other terms we
require, not only that a station is located on flat surface, by
also that the grid-cell in which it is located is completely flat.

The agreement between the climatologies and the statig
data was evaluated by means of the mean absolute ern
(MAE) and the relative mean absolute error (MAER). Due to
the fact that we used the same data set to evaluate the cle
ness index, we performed a leave-one-out validation, remo

ing from the input data the station that is, in turn, evaluated.
Albedo is estimated by means of the GLC2000 land The results are shown in Table 2: MAERs are smaller in latg
cover grid provided by Joint Research Center (seewinter and spring than in autumn and early winter, but ng

systematic over or underestimation was found. The averag

is based on a very small data set and has to be considered
preliminary.

in

e

as

we simply calculate global radiation summing them. All the radiation and atmospheric turbidity normal value grids. It
procedure is naturally performed for all the grid-points of requires solar radiation or sunshine duration data. All the
Italy. The absorbed radiation is then obtained simply by con-points of the methodology described in the paper have begn

sidering the albedo factor.

Haiob=(Har +Hair +HE),  Hape=Hgap(1-a) (1)

www.adv-sci-res.net/8/19/2012/

encoded in an unigue program which allows the user to hal
dle the diferent steps of the calculations.
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Table 2. Estimated global radiation MAE (Mdayx m?) and References

MAER (%) evaluated comparing the modeled climatologies with

the station 1961-1990 normals. Akinoglu, B. G. and Ecevit, A.: Construction of a quadratic model

using modified Angstrom cdicients to estimate global solar ra-

Manth MAE (MJdayxm?) ~MAER (%) diation, Sol. Energy, 45, 85-92, 1990.

January 0.27 4.4 Andretta, A., Bartoli, B., Coluzzi, B., Cuomo, V., Francesca, M.,
February 0.31 35 and, Serio, C.: Global solar radiation estimation from relative
March 0.45 3.4 sunshine hours in Italy, J. Appl. Meteorol., 21, 1377-1384, 1982.
April 0.86 4.9 Black, J. N., Bonython, C. W., and Prescott, J. A.: Solar radiation
May 0.78 3.6 and the duration of sunshine, Q. J. Roy. Meteor. Soc., 80, 231—
June 1.05 4.4 235, 1954.

July 1.16 4.8 Brunetti, M., Lentini, G., Maugeri, M., Nanni, T., Auer, |.,0Bm,
August 0.97 4.6 R., and Schner, W.: Climate variability and change in the
September 0.81 5.0 Greater Alpine Region over the last two centuries based on multi-
October 0.55 51 variable analysis, Int. J. Climatol., 29, 2197-2225, 2009.
November 0.36 53 Cat Berro, D., Ratti, M., Mercalli, L., and Lupotto, E.: Il clima di
December 0.33 6.3 Vercelli dal 1871, Edizioni Mercurio, 2005 (in Italian).

Year 0.66 4.6 Chung, U. and Yun, J. |.: Solar irradiance-corrected spatial inter-

polation of hourly temperature in complex terrain, Agr. Forest
Meteorol., 126, 129-139, 2004.

] ) ] ) ~ Coppolino, S.: A new correlation between clearness index and rel-
Several points require future improvements. The first point  ative sunshine, Renew. Energ., 4, 417-423, 1994.

on which we are already working consists in a significant en-paly, C., Gibson, W. P., Taylor, G. H., Johnson, G. L., and Pasteris,
largement of the data set: it will allow both to enlarge the P. A.: A knowledge-based approach to the statistical mapping of
number of records and to extend the time coverage of each climate, Climate Res., 22, 99-113, 2002.
record; moreover it will allow to make available, beside long- Daly, C.: Guidelines for assessing the suitability of spatial climate
term sunshine records, also shorter radiation records that will data sets, Int. J. Climatol., 26, 707721, 2006.
be used to better study the relation between global radiatiofF™s: D- G., Klein, A. A., and Dfiie, J. A.: Estimation of the éiuse
and sunshine duration. Another important point that will be ~ fadiation fraction for hourly, daily and monthly-average global
considered in the future consists in the use of a DEM with ra.d'at'on’ Sol. Energy, 28, 293__302.’ 1982'. .

. . L . . Gopinathan, K. K. and Soler, A.: Buse radiation models and
higher resolution: this will improve the evaluation of the in-

. i . monthly-average, daily, ffiuse data for a wide latitude range,
fluence of the grid-cells surrounding each grid-cell: they reg- Energy, 20, 657—667, 1995.

ulate shading and influence also direct radiation (by means o§yeymard, C. A.: Parameterized transmittance model for direct

the sky view factor) and reflected radiation. beam and circumsolar spectral irradiance, Sol. Energy, 71, 325—
346, 2001.

Acknowledgements.  We sincerely thank all the data providers Henderson-Sellers, A. and Wilson, M. F.: Surface albedo data for

who contributed to set up the 1961-1990 sunshine duration ¢jimatic modelling, Rev. Geophys. Space Phys., 21, 17431778,

database. Strictly in alphabetical order, we acknowledge ARSO- 1933

Slovenia, CRA-CMA, Italian Air Force, Meteo France, Meteo Huymmel, J. R. and Reck, R. A.: A global surface albedo model, J.

Swiss, MIPAF, SCIA-APAT, and ZAMG-Vienna. We thank Appl. Meteorol., 18, 239-253, 1979.

JRC-GEM for the land cover grids. We are glad to thank all the kasten, F., Golchert, H. J., Dogniaux, R., and Lemoine, M.: Eu-

researchers, collaborators, and volunteers who, over the years, ygpean Solar Radiation Atlas (Vol. 1), Verlag Tuv Rheinland,
helped us in collecting and quality checking the data: Matteo |SBN: 3-88585-195-4, 1984.

Cella, Gianluca Lentini, and Veronica Manara. This study has beerkasten, F. and Young, A. T.: Revised optical air mass tables and
carried out in the framework of the EU project ECLISE (265240). approximation formula, Appl. Optics, 28, 4735-4738, 1989.

Igbal, M.: An introduction to solar radiation, Academic Press, Or-

Edited by: I. Auer lando, FL, OSTI ID: 5596615, 1983.
Reviewed by: two anonymous referees Landsberg, E. H.: The Urban Climate, Academic Press, Maryland,
1981.
Lavagnini, A. and Jibril, Z.: Monthly maps of daily fliise solar
The publication of this article is sponsored irradiance for Italy, Renew. Energ., 1, 779-789, 1991.
by the European Meteorological Society. Newland, F. J.: A study of solar radiation models for the coastal

region of South China, Sol. Energy, 43, 227-235, 1989.

Ohmura, A.: Observed long-term variations of solar irradi-
ances at the Earth’s surface, Space Sci. Rev., 125, 111-128,
d0i:10.1007s11214-006-9050;2006.

Page, J. K.: The estimation of monthly mean values of daily to-
tal short-wave radiation on vertical and inclined surfaces from

Adv. Sci. Res,, 8, 19-25, 2012 www.adv-sci-res.net/8/19/2012/


http://dx.doi.org/10.1007/s11214-006-9050-9

J. Spinoni et al.: Solar radiation climatologies for Italy 25

sunshine records for latitudes40-40° S, Proc. UN Conference  Spinoni, J.: 1961-90 High-Resolution temperature, precipitation

on New Sources of Energy, 4, 378-390, 1964. and solar radiation climatologies for Italy, Ph.D. thesis, Mi-
Petrarca, S., Cogliani, E., and Spinelli, F.: La Radiazione Glob- lan University, available at:httpy/air.unimi.iybitstreani2434

ale al Suolo in Italia. Anni 1998-1999 e media 1994-1999, Edi- 1552602/phd.unimi_R078831.pdf, 2010.

zioni ENEAISBN: 88-8286-055-&ttpy/clisun.casaccia.ened.it USGS: GTOPO30 Digital Elevation Modéittp;/eros.usgs.gg#/

PagingRadiazione.htm2000 (in Italian). Find_.DatgProductsand Data Available/gtopo3Qinfo, 1996.
Reindl, D. T., Beckman, W. A,, and. Mie, J. A.: Difuse fraction Wild, M.: Global dimming and brightening: a review, J. Geophys.
correlations, Sol. Energy, 45, 1-7, 1990. Res, 114, D00D16j0i:10.10292008JD0114702009.

Rietveld, M. R.: A new method for estimating the regression coef- Wild, M., Gilgen, H., Roesch, A., Ohmura, A., Long, C. N., Dutton,
ficients in the formula relating solar radiation to sunshine, Agr.  E. G., Forgan, B., Kallis, A., Russak, V., and Tsvetkov, A.: From

Meteorol., 19, 243-252, 1978. dimming to brightening: decadal changes in solar radiation a
Rigollier, C., Bauer, O., and Wald, L.: On the clear sky model of  Earth’s surface, Science, 308, 847-850, 2005.

the ESRA — European Solar Radiation Atlas — with respect to theWilson, M. F. and Henderson-Sellers, A.: A global archive of land

HELIOSAT method, Sol. Energy, 68, 33—48, 2000. cover and soils data for use in general circulation models, Int. J.

Scharmer, K. and Greif, J.: The European Solar Radiation Maps. Climatol., 5, 119-143, 1985.
Vol 1: fundamental and Maps. Le Presses de I'Ecole de Mines,
Paris, 2000.
Suri, M. and Hofierka, J.: A new GIS-based solar radiation model
and its application to photovoltaic assessments, Transactions in
GIS 8, 175-190, 2004.

www.adv-sci-res.net/8/19/2012/ Adv. Sci. Res,, 8, 19-25, 2012

[



http://clisun.casaccia.enea.it/Pagine/Radiazione.htm
http://clisun.casaccia.enea.it/Pagine/Radiazione.htm
http://air.unimi.it/bitstream/2434/155260/2/phd_unimi_R07883_1.pdf
http://air.unimi.it/bitstream/2434/155260/2/phd_unimi_R07883_1.pdf
http://eros.usgs.gov/#/Find_Data/Products_and_Data_Available/gtopo30_info
http://eros.usgs.gov/#/Find_Data/Products_and_Data_Available/gtopo30_info
http://dx.doi.org/10.1029/2008JD011470

