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Agroclimatic application of a simple methodology
based on surface radiation measurements
Teodoro Georgiadis1*, Marianna Nardino1, Federica Rossi1

Abstract: The present work concerns the development and the application of a methodology to compute the surface
radiative balance components and the cloud fraction index. The obtained results, regarding the cloud effects on surface
available energy, give an idea of the great importance of this kind of studies. As a matter of fact, through this analysis,
it is feasible to correlate possible climatic changes with the warming or cooling caused by clouds. The methodology was
verified and applied considering a site in the Po river valley (SPC) in Emilia Romagna region. Through a specifically
modified web cam, it was possible to automatically compute the cloud fraction by means of the inversion of the Kasten
and Czeplack formula (1980) and to retrieve the parameterization coefficients that are strongly dependent on the site.
The image analysis software for cloud fraction detection developed by the authors gave good results in all sky conditions.
This study shows that it is possible to monitor, with a simple methodology, the climate modifications caused by the
radiative forcing induced by a change in land use and, more generally, by anthropic influences. The application to four
Italian sites is here reported to describe the usefulness for climatic classification.
Keywords: Cloud radiative forcing, cloud type, surface radiation balance, climatic classification.
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water cycle and the energy balances at the Earth
surface with a relevant influence on plants growth
and physiology and, hence, on crop yields of a given
area. Consequently, it is crucial to define an
agricultural region basing not only on its climatic
features, but also on how these characteristics change
with time. The analysis of surface temperature
changes year after year it is not sufficient to offer a
reliable understanding of the climatic feedbacks on
crops grown in a specific area, particularly when
referring to their eco-physiological features. The
radiation regime is promising to be utilized in order
to improve such information also for climate change
studies.
Several studies have addressed the role of clouds on
the surface radiative balance (Bintanja and van den
Broeke, 1996, Cess et al., 1989), but only a few longtime series measurements of exchange processes
and modelling simulations have been conducted as
a function of different cloud cover conditions
(Kasten and Czeplack, 1980). Clouds are the main
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1. INTRODUCTION
Recently, many concerns about surface temperature
increase due to rising concentration of atmospheric
CO2 have been pointed out. The International Panel
on Climatic Change reports show that, throughout
the last 100 years, the surface temperature in
Europe has increased by 0.8 °C, a value that is
significantly greater than the increase in the mean
global temperature recorded during the same period
of time (0.6 °C). Moreover, IPCC forecasts that for
the period 2030-2050 temperatures will be higher in
the Mediterranean basin. Studies quantifying the
global warming proved the coexistence of areas
characterized by an increment of the surface
temperature and areas where temperatures are
decreasing (IPCC -AR4, 2007).
The so called ‘global change’ can directly affect the
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Riassunto: In questo lavoro vengono proposti lo sviluppo e la applicazione di una metodologia basata sulla misura delle
componenti del bilancio radiativo di superficie e della frazione dell’indice di copertura nuvolosa. I risultati ottenuti,
relativi all’influenza delle nubi sull’energia disponibile, offrono un contributo agli studi climatici, in quanto evidenziano
alcuni effetti dovuti alla presenza e al tipo di nubi sul riscaldamento o raffreddamento della superficie. La metodologia
descritta è stata verificata e applicata per un sito localizzato nella valle del Po (SPC) in Emilia Romagna. Attraverso
una web-cam, appositamente modificata, si è ottenuta, in modo automatico, una misura dell’indice di copertura
nuvolosa attraverso l’inversione dell’equazione di Kasten e Czeplack (1980) derivandone i parametri sito-specifici. Il
software di analisi delle immagini qui sviluppato ha evidenziato di poter fornire ottimi risultati per ogni tipo di
condizione di copertura nuvolosa. Questo studio indica come sia possibile monitorare con una metodologia semplice
le modificazioni climatiche causate dal forcing radiativo indotto da un cambiamento dell’uso del suolo e, più in generale,
dagli influssi antropici. Viene inoltre riportata l’applicazione del metodo a quattro località italiane al fine di descrivere
l’utilità di questa metodologia nella definizione di una classificazione climatica.
Parole chiave: Forcing radiativo delle nubi, tipo di nubi, bilancio radiativo alla superficie, classificazione climatica.
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regulators of surface-exchange processes: an
increase in evaporation reflects in a corresponding
increase in clouds formation and in a consequent
modification of the energy balance (Cess et al., 1989;
Ramanathan, 1987). In addition, clouds developed
in a certain region are moved by atmospheric
circulation to other regions, influencing their
radiative and energy exchanges. The interaction
between surface and atmosphere is hence very
complex, since mesoscale and synoptic circulation,
cloud cover and atmospheric dynamics add to local
regulation.
The effect of clouds on surface radiation is different
as far as the two components of the surface radiation
balance are concerned. If, on the one hand, clouds
cool the surface by reflecting part of the incoming
solar radiation, on the other, they also have a
warming effect due to the greenhouse mechanism.
The net result mainly depends on cloud and surface
types, i.e. cloud transmissivity and surface albedo
(Nardino and Georgiadis, 2003). Cirrus clouds (high
and thin) transmit most of the incoming shortwave
radiation, but they also trap some of the outgoing
longwave. Their greenhouse forcing is greater than
their albedo forcing, thus resulting in a net warming
(Lynch, 1996). Stratocumulus clouds (low and thick)
reflect much of the incoming shortwave radiation,
but also re-emit large amount of longwaves. Their
albedo forcing is larger than their greenhouse
forcing, leading to a net cooling (Monastersky,
1989). Cumulonimbus (deep convective clouds)
emit little longwave radiation at the top, and much
at the bottom. They also reflect much of the
incoming shortwave radiation. Their greenhouse
and albedo forcing are both large, but nearly
balanced, so that they induce neither warming nor
cooling.
Characterisation of cloud types is important to obtain
an understanding of the surface radiative balance
modulation during cloud covered conditions (Orsini
et al., 2002). Unfortunately, conventional approaches
are difficult to be directly employed when a scenario
of climate change is obtained by general circulation
models: crop modelling problems arise in a reliable
downscaling of GCMs as well as in upscaling the
physiological information to implement the GCM
parameterisations (Avissar and Pielke, 1989; Pielke
et al., 1998).
The main aim of this work is to develop a
methodology able to compute the surface radiative
balance components and the cloud fraction and to
provide information on the role of clouds on the
surface radiation partition. This may help in assessing
how much climatic changes could influence the

surface energy availability. The mean annual and
monthly surface radiation balance components may
allow to evaluate the local climate in given sites, to
be extended to areas having similar surface and
climatic characteristics. Finally, the paper also
proposes an operational wide-scale methodology for
global network applications.
2. INSTRUMENT AND METHODOLOGY
The methodology developed in this study is
schematized under the following steps.
2.1) Measurements of the down-welling and upwelling surface radiation fluxes (short and long
wave regions);
2.2) Monitoring of sky conditions on a short-time
period;
2.3) Estimation of cloud fraction;
2.4) Estimation of cloud type;
2.5) Computation of the cloud radiative forcing
(cloud effects on the radiative energy balance).
2.1 Measurements of the down-welling
and up-welling surface radiation fluxes
Surface measurements have been carried out
during an experimental campaign conducted at S.
Pietro Capofiume (SPC) for years 2002 and 2003
(Galli et al., 2004). The site is a typical rural
location in the North-Eastern part of the EmiliaRomagna region (Italy) in the Po river valley. The
instrumentation was installed in a wide, grasscovered flat area, located in the proximity of the
Regional Meteorological Service (ARPA/SMR), a
baseline station of the World Meteorological
Organization (WMO).
The instrumentation necessary to apply this
methodology is a four-component radiometer
separately measuring down-welling and up-welling
surface radiation fluxes. Examples of this kind of
radiometer are CNR1 (Kipp and Zonen, Delft, NL)
and MR-40 (EKO, Japan) (used in our measurement
at SPC), in both of which two pyranometers are
measuring shortwave incoming -Swin - and outgoing
- Swout – radiation, and albedo. Far-infrared radiation
components (incoming Lwin and outgoing Lwout) are
measured by two pyrgeometers.
Net radiation Rn is determined as:
Rn = (Lwin - Lwout) + (Swin - Swout)
The radiation data have been stored in a data logger
(i.e. CR10, Campbell Sci., UK) with a time step of
10 minutes at least. 1 minute time step is suggested
when replicating these measurements, since
frequent measurements of the incoming radiation
are critical in determining correctly the cloud type.
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2.2 Monitoring of sky conditions on a shorttime period
The monitoring of sky conditions is carried out by a
web camera mounted at 4 meters above soil surface
in order to obtain an hemispheric, obstacle-free sky
view. In our experiment, a network camera model
2100 (AXIS), modified for remote control was used.
A grey filter was inserted between the fish-eye and
the network camera lens to avoid reflection of solar
radiation and the camera was mounted on a stout
support. The data acquisition system stored each 10
minutes a sky image sized 640x480 pixels in JPG
format and one year of images are analyzed to take
into account the seasonal variability. The cloud
fraction from each stored image was calculated by a
software developed by the Authors using MATLAB
code (V. 6.1) (flowchart in Fig. 1).
Fig. 2 shows the sequence of images used for cloud
detection. Image 1 represents the RGB (RedGreen-Blue) image acquired by the web cam. The
first steps of the image processing (Image 2) consist
on centering and eliminating all the black areas. The
image is converted from RGB to HSV (HueSaturation-Value) coordinate system (Thompson and
Shure, 1995) (Image 3) to allow a better contrast
between the sun and the white clouds. The
elimination of the sun disk from the original image is
based on (i) the determination of the Sun position
analyzing the Hue matrix of HSV image (image H)
and the Red matrix of RGB image (image R) and (ii)
the classification of each image pixel as cloud or sky
analyzing the saturation matrix of HSV image (image
S) and the Blue matrix of RGB image (image B). The
threshold values for this kind of discrimination have
been obtained by analysing the values of B and S
channels for clear and overcast sky images. Image 4
represents the sun and its halo contour obtained
through contour detection tools as successfully
circumscripted in image 5. Finally, image 6,
converted in grey tones, allows to distinguish the
clouds from the clear sky.
The flowchart (Fig. 1) evidences the need for an input
file (“mappa.map”), with the names of the image files,
to obtain two kind of output files. The first one is a
ASCII recording the total number of the image pixels,
the number of pixels considered, the number of clear
sky: pixels, the number of cloud cover pixels and their
relative percentages expressed in tenths. The second
are JPG files making available the four final images
resulting from the processing procedure.
2.3 Estimation of cloud fraction
The cloud fraction is computed through the
incoming shortwave radiation data utilizing the

Fig. 1 - Flux diagram of the MATLAB code software utilized
for image analysis.
Fig. 1 - Diagramma di flusso del codice MATLAB utilizzato
per l’analisi delle immagini.

inversion of the Kasten and Czeplack (1980)
formula:
[1]

where b1 and b2 are site-dependent coefficients
(equal to -0.75 and 3.4 respectively in Kasten and
Czeplack experiment), N is the cloud fraction that
varies between 0 for clear-sky and 1 for overcast
conditions, Swin(N) the measured global radiation,
and Swin(0) the global radiation that would reach
the surface in clear-sky conditions (Battles et al.,
2000; Niemelä et al., 2001).
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Fig. 2 - Image sequences obtained at different steps of software application. Image 1 is the RGB image, image 2 is the result
of the processes of image centering and elimination of all the black areas. Image 3 is the image in HSV (Hue-Saturation-Value)
coordinate system, R and B respectively represents the Red and Blue channels of the RGB while H and S the Hue and
Saturation channels of HSV image. Image 4 represents the sun and its halo contour, circumscripted in image 5. Image 6 is
the final distinction between clouds and clear sky converted in grey tones.
Fig. 2 - Sequenza delle immagini ottenute durante i diversi step dell’applicazione del software. L’immagine 1 è la fotografia
in scala RGB, l’immagine 2 è il frutto dei processi di centramento e di eliminazione delle aree nere. L’immagine 3 è la
fotografia in coordinate HSV (Hue-Saturation-Value), R e B sono rispettivamente i canali Red e Blue dell’immagine RGB
mentre H ed S sono rispettivamente i canali Hue e Saturation dell’immagine HSV. L’immagine 4 rappresenta il contorno
del sole e del suo alone, circoscritti nell’immagine 5. L’immagine 6 è il prodotto finale in scala di grigio con la distinzione
fra cielo sereno e nubi.
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Given the availability of real data, Swin(0) is obtained
through the direct determination of the monthly
typical-clear-sky atmospheric transmittance, that is
a two-step process.
Firstly, all the fully clear-sky days are singled out for
each month, and the mean value of all data
corresponding to the same hour of the day are
computed. The observation of the daily Swin time
series allows the identification of clear-sky days.
Secondly, the total effective atmospheric
transmission (t) is calculated for all Swin
measurements as:

24

[2]

Swin(TOA) is the shortwave incident flux at the top
of the atmosphere, and its value is dependent only
on astronomical factors:
Swin(TOA) = S cos(Φ)

[3]

where S is the solar constant, depending on the SunEarth distance, and Φ the solar zenith angle. In our
computation S is equal to 1372 W m-2.
The
___typical-clear-sky total atmospheric transmission
(τclear) is the mean value of all data corresponding to
the same hour of all clear-sky days.

The typical-clear-sky incoming shortwave flux is
obtained from:
[4]
The parameterization coefficients b1 and b2 of [1]
were -0.75 and 3.4 respectively in the original
formula. In this paper, we derived the b1 and b2
values from the network camera images and
introduced these new “typical site coefficients” in
the Kasten and Czeplack’s formula [1] to compute
the cloud fraction for long term monitoring
purposes.
The inversion of [1] was satisfactory verified in
previous studies (Orsini et al., 2002; Nardino and
Georgiadis, 2003) in polar sites. Moreover, the
direct observations of the network camera images
confirmed the reliability of the parameterization [1],
especially considering the daily mean values of
cloud cover.
2.4 Estimation of cloud type
Duchon and O’Malley (1999) developed a
methodology for the classification of cloud types
based exclusively on measurements of incoming
global radiation. The cloud types and sky
conditions categorized in this study are cumulus,
cirrus, cirrus and cumulus, stratus, fog and/or
precipitation, and no clouds (clear sky).
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The first step of the Duchon and O’Malley
methodology consists on scaling the clear-sky
irradiance Swin(0) to the constant value of 1400 W
m-2 for each measurement value of each day,
obtaining a day-dependent set of scale-factors. The
second step is to multiply the observed shortwave
irradiance, Swin, by the set of scale-factors
corresponding to the day taken into account. The
third step is to compute the mean and standard
deviation of the scaled measured irradiance in a 21minutes moving window. The ratios of the running
mean scaled irradiance to scaled clear-sky irradiance
(R) and the running standard deviation of scaled
observed irradiance (Σ) are the two parameters used
in the cloud-type identification criteria. The 21
minutes window is an empirical choice: a 30-minutes
(or 50-minutes) moving window to retrieve cloud
type are suitable enough in our latitude to suit times
characteristic of the air mass movements. Tab. 1
shows the thresholds used for the classification.
2.5 Cloud Radiative Forcing
Shortwave (SwCRF) and Longwave (LwCRF)
cloud radiative forcing are quantified according to
Bintanja and van Den Broeke (1996):
[5]
where N is the monthly or seasonal (depending on
the chosen analysis) mean value of the cloud
fraction and Swn(cl), Swn(ov), Lwn(cl) and Lwn(ov) are
short and long-waves radiation balances in clear-sky
and overcast conditions, respectively. These terms
are computed from linear best-fit equations
interpolating the dependences of Swn and Lwn on
Cloud Type
CIRRUS
CUMULUS

-2

R

< 80

0.8 < R < 1.05

(W m )
10 <
120 <

< 800

0.5 < R < 1.15

CUMULUS+CIRRUS

100 <

< 740

0.45 < R < 0.95

STRATUS

0<

CLEAR SKY

0<

< 100

0 < R < 0.4

< 10

0.88 < R < 1.05

Tab. 1 - Cloud types and thresholds of the two parameters
used in the cloud type classification. ∑ is the running
standard deviation of scaled observed irradiance and R is the
ratio of the running mean of the scaled irradiance to the
scaled clear sky irradiance.
Tab. 1 - Tipo di nubi e soglie dei due parametri utilizzati nella
classificazione della tipologia di nubi. ∑ è la deviazione
standard mobile dell’irradianza osservata scalata e R è il
rapporto tra la media mobile della irradianza scalata e
l’irradianza durante condizione di cielo sereno scalata.

Fig. 3 - Scatter plot between the ratio of measured global
radiation to the Swin that would reach the surface in clear
sky conditions and the daily mean cloud fraction obtained
through the web cam images analysis.
Fig. 3 - Grafico del rapporto tra la radiazione globale
misurata e la radiazione solare che dovrebbe raggiungere la
superficie in condizioni di cielo sereno verso il valor medio
giornaliero dell’indice di copertura nuvoloso ottenuto
attraverso l’analisi delle immagini della web cam.

N (Nardino and Georgiadis, 2003). Because
LwCRF is normally > 0, clouds warm the surface in
the long-wave region, whereas they cool the surface
in the short wave region (SwCRF < 0).
3. RESULT AND DISCUSSION
The two coefficients, b1 and b2, of equation [1] have
been computed directly from experimental data
recorded at SPC site. Fig. 3 reports the scatter plot
between the ratio of measured global radiation and
the global radiation that would reach the surface
under clear-sky conditions, and the daily mean
cloud fraction obtained through the web cam
images analysis. The data were fitted with the curve
represented in figure 3, where the coefficients y0
and a represent -b1 and b2 in the equation [1], and
a good correlation coefficient (r2=0.81) has been
obtained. The y0 and a values were equal to 0.99±0.06 and 1.3±0.1, respectively different by the
ones present in the Kasten and Czeplack (1980)
original formula (-0.75 and 3.4). Once these
coefficient are determined, N was obtained by
applying equation [1] and the effect of clouds on the
surface radiative balance components are
evidenced.
Fig. 4 reports an example of cloud types obtained for
different polar sites in Antarctica and in Arctic
(Nardino and Georgiadis, 2003). The cloud radiative
forcing calculated in these same sites utilizing eq. [5]
are shown in Fig. 5. In the areas where the clouds
tend to warm the surface the greatest number of
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Fig. 4 - Relative number of
occurrence of cloud types for
different polar sites obtained
with the Duchon and
O’Malley (1999)
methodology. (DC= Dome
Concordia, RN= Reeves
Nevè, NIS= Nansen Ice
Sheet, HG= Helles Gate,
NY= Ny Alesund,
NY1= Ny Alesund).
Fig. 4 - Numero percentuale
di casi del tipo di nubi
per diversi siti polari ottenuti
con la metodologia di Duchon
and O’Malley (1999).
(DC= Dome Concordia,
RN= Reeves Nevè,
NIS= Nansen Ice Sheet,
HG= Helles Gate, NY= Ny
Alesund, NY1= Ny Alesund).

Rivista Italiana di Agrometeorologia - 2/2011

Italian Journal of Agrometeorology - 2/2011

clouds are classified as cirrus, while in the site NY1,
where a cooling effect is observed, the prevailing
clouds are stratus. This examples have been reported
to show how the determination of both cloud
coverage and cloud type is crucial in the
understanding the radiative forcing.
Fig. 6 shows the yearly cycle of the net components
of the surface radiative balance in SPC site and in
other three sites located in Sardegna island: Arca,
Bitti, Siniscola. Dots below the line Swn=-Lwn
indicate positive values of net radiation, whereas
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Fig. 6 - Annual trajectory of the Swn and Lwn monthly
mean values for each site: the lowest Swn fluxes concerns on
winter months and the highest to summer months.
Fig. 6 - Traiettoria annuale dei valori medi mensili di Swn e
Lwn per ogni sito: i valori minori di Swn sono relativi ai mesi
invernali mentre i più alti ai mesi estivi.

Fig. 5 - Mean values of the cloud surface radiative forcing
for different polar sites. The distance from the 1:1 line
represents the entity of the cooling or warming. (DC= Dome
Concordia, RN= Reeves Nevè, NIS= Nansen Ice Sheet,
HG= Helles Gate, NY= Ny Alesund, NY1= Ny Alesund).
Fig. 5 - Valori medi del forcing radiativo delle nubi per
diversi siti polari. La distanza dalla retta 1:1 rappresenta
l’entità del raffreddamento o del riscaldamento. (DC= Dome
Concordia, RN= Reeves Nevè, NIS= Nansen Ice Sheet, HG=
Helles Gate, NY= Ny Alesund, NY1= Ny Alesund).

dots above the line indicate negative values. The
hodogram evidences, on a monthly mean, a
common, low energetic availability during the
winter. The energetic availability increases in spring
and summer, and it is always positive in SPC site.
This means that, in spite of the cooling effect of the
clouds, SPC is always characterized by a monthly
surplus that is available for surface-atmosphere
energetic processes. The sites in Sardegna are
characterized by a negative Rn value during the
winter months, probably due to a higher cooling
effect of clouds.
The climatic classification according to the thresholds
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Fig. 7 - Climatic classification performed with annual mean
values of Swn and Lwn as reported by Smith et al. (2002).
Fig. 7 - Classificazione climatica ottenuta dai valori medi annuali di Swn e Lwn come riportato in Smith et al. (2002).

proposed by Smith et al. (2002) (Fig. 7) evidences
that SPC is within a temperate climate, while the
Sardegna sites are characterized by values of annual
radiation balance typical of a semi-arid climate. In
particular, Arca is approaching the established limit
for being defined a desert/arid class. The Sardinia
region is a typical site with desertification problems,
due to a very arid summer season. The obtained
results highlight that at present the climate in
Sardinia shows a tendency towards desertification.
For this reason, possible climatic changes could
increase this risk with important consequences at
social and economical levels.
4. CONCLUSIONS
The surface radiation balance is confirmed to be a very
important information for a climatic classification
independent from the common meteorological
variables conventionally utilized (temperature, rain
etc..).
Since clouds exert a cooling effect by reflecting a
portion of incoming solar radiation and a
simultaneous warming effect by decreasing the
Earth emitted longwave radiation, the balance of
these two terms is crucial to define if clouds tend to
warm or, either, to cool the surface. Different
studies (Nardino and Georgiadis, 2003; Galli et al.,
2004) evidenced that the effect of clouds on net
radiation is strongly dependent on the type of
surface and on cloud typologies and, hence, on
surface albedo and atmospheric transmissivity.
The methodology developed here proves to be a
suitable instrument to derive cloud coverage, cloud
type, cloud radiative forcing and also delivers

climate classification of a given site by means of
surface measurements of the radiative balance
components.
The climatic classification based on the annual
surface radiative balance components offers a new
perspective to the characterization of climatic trends.
If long term solar radiation time series are available,
reliable indications may be also derived about
occurred changes in the climatic classification.
Besides, yearly and seasonal variations of climatic
pattern can be detected and related to crop
ecophysiology, yield, and land use. Studies on the
consequences of climatic changes induced by a
anthropic-origin radiative forcing may take profit from
these indications: for instance, the desertification
trend caused by a change in soil management (leading
to a greater energy loss) may be detected. Relations
among possible future climatic scenarios and
responses, in terms of radiation regime, of various
crops or/and ecosystems may also be useful in
implementation of agrometeorological models.
The application of this methodology to a larger
spatial scale, may evidence possible trends and
effects on national scale, and identify sites
potentially vulnerable and risky.
One of the main strengths of the method here
proposed is the capability to derive climatic
classification on the exclusive base of radiation
measurements. This may avoid the sometimes very
complicated comparison of other meteorological
variables and it is also physically very sound, since
the radiometric parameters directly represent the
‘energetic’ of the processes.
At present, a crucial point in a spread application of
the methodology comes from the need to determine
the local site-dependent coefficients for the cloud
fraction derivation. A calibration facility, as evidenced
in this paper, can be obtained by a all-sky camera
used to check the real cloud coverage versus the
calculated one. The application of the methodology
to large surface networks could strongly reduce this
initialisation problem, and the related costs, allowing
the development of a routine procedure.
REFERENCES
Avissar R., Pielke R. A., 1989. A parameterization
of heterogeneous land-surface for atmospheric
numerical models and its impact on regional
meteorology. Mon. Weather Rev., 117: 213-236.
Bintanja R., van den Broeke M.R., 1996. The
influence of clouds on the radiation budget of
ice and snow surface in Antarctica and
Greenland in summer. Int. J. of Climatology 16:
1281-1296.

Rivista Italiana di Agrometeorologia - 2/2011

16-09-2011

Italian Journal of Agrometeorology - 2/2011

03_georgadis:Layout 1

27

03_georgadis:Layout 1

16-09-2011

11:55

Pagina 28

Rivista Italiana di Agrometeorologia - 2/2011

Italian Journal of Agrometeorology - 2/2011

Battles F.J., Olmo F.J., Tovar J., Alados-Arboledas
L., 2000. Comparison of cloudless sky
parameterizations of solar irradiance at various
Spanish midlatitude locations. Theor. Appl.
Climatol. 66: 81-93.
Cess R., Potter G.L., Blanchet J.P., Boer G.J.,
Ghan S.J., Kiehl J.T, Le Treut H., Li Z.X., Liang
X.Z., Mitchell J.F.B., Morcrette J.J., Randall
D.A., Riches M.R., Roeckner E., Schlese U.,
Slingo, A., Taylor K.E., Washington W.M.,
Wetherald R. T., Yagai I., 1989. Interpretation
of cloud-climate feed-back as produced by 14
atmospheric general circulation models.
Science 245: 513-516.
Duchon C.E., O’Malley M.S., 1999. Estimating
cloud type from pyranometer observations. J.
Appl. Meteorol. 38: 132-141.
IPCC (2007). IPCC Fourth Assessment Report:
Climate Change 2007 (AR4). Cambridge, United
Kingdom and New York, NY, USA.: Cambridge
University Press.
Kasten F., Czeplak G., 1980. Solar and terrestrial
radiation dependent on the amount and type of
cloud. Solar Energy 24: 177-189.
Niemelä S., Räisänen P., Savijärvi H., 2001.
Comparison of surface radiative flux
parameterizations: Part II. Shortwave radiation.
Atmos. Res. 58: 141-154.
Galli C., Nardino M., Levizzani V., Rizzi R.,
Georgiadis T., 2004. Radiative energy partition

28

and cloud radiative forcing at a Po valley site.
Atmosph. Res. 72: 329-351.
Lynch D.K., 1996. Cirrus clouds: their role in
climate and global change. Acta Astronautica 20
(11): 859-863.
Monastersky R., 1989. Cloudy concerns. New
Sciences 136 (29): 106-110.
Nardino M., Georgiadis T., 2003. Cloud type and
cloud cover effects on the surface radiative
balance at several polar sites. Theor. Appl.
Climatol. 74: 203-215.
Orsini A., Tomasi C., Calzolari F., Nardino M.,
Cacciari A., Georgiadis T., 2002. Cloud cover
classification through simultaneous groundbased measurements of solar and infrared
radiation. Atmos. Res. 61: 251-275.
Pielke R.A., Avissar R., Raupach M., Dolman A.J.,
Zeng X., Denning S., 1998. Interactions between
the atmosphere and terrestrial ecosystems:
influence on weather and climate. Global Change
Biol. 4: 461-475.
Ramanathan V., 1987. The role of Earth radiation
budget studies in climate and general circulation
research. J. Geophys. Res. 92: 4075-4095.
Smith G.L., Wilber A.C., Gupta S.K., Stackhouse
J.R., 2002. Surface radiation budget and climate
classification. J. Climate 15: 1175-1188.
Thompson C.M., Shure L., 1995. Image processing
TOOLBOX for use with MATLAB. The Math
Works Inc., 301.

