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Abstract

A new method using the wavelet transform properties is ages to determine clear days
of solar irradiance. These days are needed to model theradiation and to compare the exist-
ing empirical models. We use this method to process foursyefglobal solar irradiation data
collected at the Research Unit of Applied Renewable Enstai€shardaia city in Algeria. We
also determine clear days from this data set using a stanuztttbd based on the clearness index
criteria. The results show that the two methods gifiedént numbers of clear days. Thieet
of this difference is analyzed by computing the Global Solar Radiat&®BR) with the Igbal C
model but also by the estimation of turbidity parametersgi$or that a innovative approach.
We find that some significantfiiérences are observed in the GSR modeling leading to bad es-
timation of turbidity parameters. We conclude that usingraethod is therefore morefizient
since it is not dependent of the site and observations.

Keywords: solar radiation, turbidity parameters, clearness indexalet transform.

1. Introduction

Solar radiation passing through the Earth atmosphere kesgiiisl information on the medium.
The solar flux is attenuated by scattering, air mass, claatssols and various reflections. Phys-
ical models that explain the solar flux and its temporal \tames measured on the ground are of
great importance to know the atmosphere state when obggrspecially to know the compo-
nents that are responsible of flux fluctuations. The anabdfdisese fluctuations is a passive way
to probe the atmosphere in contrast to the use of specifimimsints such as lidars and radars.
Observations during clear days allow detecting certairoapheric constituents such as aerosols
and track their evolution, which may impact Earth’s radiatbudget and the climate. Clear
day observations are also required for models to derive amdigi solar irradiance especially
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where it cannot be measured. These models are needed to tifgaiorrect design and output
of solar power plants in case of clear sky conditions. Thiswed interest comes from the huge
investments in solar applications in most of countries whbe radiative solar resources need
to be accurately characterized either measured or modéddidating candidate models for this
kind of task is an essential step in the process to providgystsawith suficient background
information on their detailed performance. Several wotkslging and comparing broad band
irradiance models are reported in the literature [12]. €hmedels with high-performance and
good accuracy are, as previously mentioned, of great isttéveclear sky conditions. To assess
the performance and improve the validation of such modédsiiecessary to have clear sky sit-
uations i.e. data free of noise and cloudy periods, to oli@id performance results [12].

The commonly used tool to characterize sky conditions édfiaation of day types) over a par-
ticular site is the clearness indé&x [2, 3, 14, 16, 17, 18, 22, 23, 23, 26, 30]. On a clear day,
the atmosphere causes a reduction of the extraterresit@liaput by about 30 per cent and to
nearly 90 percent in a very turbid (cloudy) d&yranging values depend from one author to the
other. Alves et al. [2] reported that a cloudy sky correspaiodd < k; < 0.3, a partially cloudy
sky to Q3 < k; < 0.65 and a clear sky t0.65 < ki < 1. The last definition was also adopted by
Gueymard [18]. Following Bendt et al. [4], clear sky is wheb & k; < 0.85, greater than 0.5
for Ahmed et al. [1] and greater or equal than 0.7 for Molineaual. [24], Li and Lam [19], Li

et al. [20] and Eftimie [11]. For Igbal [15], a clear sky is defd wherk; ranges between 0.7 and
0.9 while Reindl et al. [29] proposdd > 0.6. The clear sky of most tropical regions for Ndile-
meni et al. [25] corresponds for@B < k; < 0.75. The choice o interval values is also fferent
from one site to another according to Mellit et al. [23]. Ird&ibn it varies also from day to day
and from month to month as stated by Serban [31] and Ahmed[é&{ alVe see clearly that there
is no unique limit value ok; neither a direct method for its determination. Therefdsechoice
may be controversial to discriminate between clear anddutays. A bad value will fiect the
number of clear and turbid days by not selecting the good.dagasequently, the performance
of modeling and analysis of solar irradiance data may hifieli; dependent. For this raison,
the problem ok; choice is first considered in the present work proposing datethat easily
separate clear and cloudy periods. This uses the wavehsforan properties that automatically
computes a threshold value to discriminate between clehtuahid days. It is chosen according
to the noise level and cloud signature present in the redaddéa of solar irradiance. First, we
present the algorithm based on thenean value of the clearness index to distinguish between
a clear and a non clear day. Then, we introduce the wavelesftlan method that we com-
pare with thek; mean one considering the number of clear days obtained frxenydiars of data
recorded at Ghardaia city in Algeria [8]. Finally, we base comparison on the errors induced
onto the GSR (Global Solar Radiation) model and in the esiimaf turbidity parameters.

2. Theclearnessindex method to select clear and turbid days

The clearness index is usually used to determine the clgertdgperform model compar-
ison and other studies. It was introduced by Liu and Jord@h4® a parameter that accounts
for stochastic property conditions for a given site [27]tehval values for the clearness index
are used to separate clear and turbid days (see Section &y.chlange however from one site
to another leading to misinterpretation of the results eigig when authors are comparing and
studying the clear sky empirical models. We develop thenlgorithm based on the instanta-
neous clearness index to determine automatically complese days from a huge data set. The
different steps of the algorithm are as follows:
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1. Selection of global solar radiation records of a givenwhgre the Sun elevation is greater
than 10. This restriction is due to the thin haze in the early morrantate afternoon that
may be present. This may lead to consider clear days as aty.if

2. Calculation of the instantaneous clearness irkglek is defined over timé between sun-
rise and sunset as the ratio between the terrestrial gloksl adiationG on a horizontal
surface and the extraterrestrial dBg Its mathematical expression is:

G
k=& (1)

Go in W/n? is given by [10]:
360N . .
Go = lsc*|1+0.033 co:{%) X [cos(p) cosP) cosw) + sin@) sin(G)] (2)

wherels. = 1367 Wm? is the solar constant and N the day number in the yearl(i$
the first and N-365 the last day in the year}, §, w are respectively the latitude of the
location, the solar declination angle and the hour anglaiatri8e in degrees.

The data used in this work were collected at the Unit of AgpResearch in Renewable Energy
(Ghardaia, Algeria) between (2005-2008). The instrusiantd methods of the data collection
are described in detail in Djafer and Irbah [8]. The key towris that the three components
of solar radiation are recorded every 5 minutes since 206dther with the temperature and
humidity. The instruments that measure the direct, theajlabd the dfuse solar radiation com-
ponents are fronEKO instrumentghttp;/eko-eu.cor. They are usually cleaned two or three
times per week according to the weather conditions. Thewk calibrated each three years
at the meteorological station of Tamanrasset (latitade22.78°, longitude= +5.51°, altitude=
1270 m) where the solar irradiance is measured since 19#hiStograms of the instantaneous
clearness values obtained with these data are shown ineFigugach histogram in the figure is
computed over one year for the period 2005 to 2008. The valfidee statistical analysis are
given in Table 1. We note that the annual mean and mediansalile are 0.67 and 0.73. We
tried several values d&¢ between 0.68 and 0.74 to select the clear days from the deaadeve
finally opted fork; = 0.70 as the optimal limit to define them. We should point out thatmay
have few days classified as clear with this choose when tlagrees index are greater than 0.70
(see upper curves in Figure 2) and other omitted if it is lo(gee bottom curves in Figure 2).
This is a source of error for the models that use the resultsrapfrom this kind of data analysis
because of the irfeciency to select the boundary parameter of the clearness.ind

3. Discrimination between clear and turbid days using the wavelet method

The wavelet transform decomposes signals simultaneonslyei time and frequency do-
mains. This allows to better control their main propertied & process the noise. The discrete
version of the wavelet transform is implemented with seha@gorithms among them theetrous
algorithm [13, 32, 33]. We will use the wavelet transform Ierpented with thé trousalgo-
rithm to automatically detect the signatures of clouds d&ednibise magnitude in the daily solar
irradiance. We chose this algorithm since the transforrmisan at each decomposition level,
its evolution is followed from one scale to the other and gésy to implement [7, 9]. The de-
cision if we have or not a clear day is taken from the decontjposanalysis considering some
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Table 1: Statistics of the instantaneous clearness index®@kardaia city from 2005 to 2008.

Year 2005 2006 2007 2008
Mean 0.67 0.67 0.67 0.68
Standard deviation 0.17 0.16 0.17 0.16
Median 0.73 0.73 0.74 0.74
250 Percentile 0.61 0.60 0.61 0.62
50™ Percentile 0.73 0.73 0.74 0.74
70" Percentile 0.78 0.78 0.79 0.78
Semi-Interquartile 0.09 0.09 0.09 0.08
deviation

criterions.

We first start by recalling the principle of the wavelet tfamsy decomposition using the Mexican
hat wavelet and tha trousalgorithm (see Fig. 3). The first level decomposition of theasured
global solar irradiance component (Fig. 3a) generates igvaats, which are the approximation
and the detail. The first one (Fig. 3b) is a smoothed versidhemain signal (low frequencies)
while the second one (Fig. 3c) contains the high frequenoypmments. The noise and signature
of clouds of the measured global solar irradiance are ptasére high frequency components, if
any. The same decomposition procedure is repeated on thie¥esapproximation of the signal
giving rise to the second approximation and detail (see ¥dgand Fig. 3e). It is at this second
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Figure 1: Histogram of the instantaneous clearness ingdéo¢ leach year.
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Figure 2: Clear days fdt < 0.7 and turbid day fok; > 0.7

level decomposition that the decision is taken if the soladiance data of interest correspond
to a clear or turbid day. We look if the signal detail valuessmaller or larger than a determined
threshold (Fig. 3e). This threshold is estimated from thétiresolution decomposition support
according to Starck et al. [33] principle. The multires@uatsupportM of a signal describes in
a logical way whether or not a signltontains information at the timefor a given scalg of
the wavelet decomposition. M'(j, X) = 1 or is true then contains information at the timefor
the scalej. The wavelet transform of a signal with therousalgorithm produces then a set

for each scalg. Thelp original signal can be expressed as the sum dfitamoothed form and
all wavelet coéicients of allp decomposition planes:

P
lo=1lp+ > W, ©)
j=1
Any value of the signal at time can be also expressed in the same way as follow:
P
lo(X) = Ip(X) + >~ w;(%) (4)
j=1

The multiresolution support M will be obtained by detectthg significant cofficients at each
scale. Itis defined by:

M(j, X) = 1 if w;j(x) is significant
M(j, x) = O if w;j(x) otherwise
5
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Figure 3: (a) Principle of the wavelet transform decompasitill level 2 of a global solar irradiance component usiing
a trousalgorithm and the Mexican hat wavelet. (b) First approxioratind (c) detail of the decomposition. (d) Second
approximation and (e) detail of the decomposition with tireshold (red lines) computed with Starck’s algorithm.

The algorithm to create the multiresolution support is dg¥es:

1. We compute the wavelet transform of the sigal
2. We estimate the noise standard deviation at each scale.
3. The binarization at each scale leads to the multiresoliipport.

The estimation of the threshold value which is the noisedsteshdeviatiorr; is then computed
by the following iterative steps:

1. We estimate the standard deviatiq‘hof the noise of the signd}
2. We computep scales of the wavelet transform kf with the a trousalgorithm and then
the equation:

p
lo(X) = Co(X) + > Wj(X) (5)
j=1

wherew; are the wavelet cdkcients in each scale amg is the low frequency part db.
The noise ircy is negligible.
. We set the iterative stepto 0.
4. We compute the multiresolution suppMtwhich is derived from the wavelet cfigients
and fromo'.
5. We select the time values which belong to the sét x € S if M(j,x) = 0 forall j in
1...p. Sis the set ofk time values, which are only attributed to the noise.
6
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6. For all the selected time values, we compute the valugx) — c,(x) and the standard
deviationo"** of these values.
7. We increase the iterative stap= n+ 1.

N n-1
8. if Z7l 15 ¢ (error accuracy) then we go to step 4

gy
This method converges in few iterations giving an estinmatibthe noise standard deviation, our
threshold value. This value obtained for a collected GSRoitqd in Figure 3e together with the
second decomposition detail. We have then a clear day ifetedlatodficients are less than the
constant threshold and it is considered as a turbid daywiber The upper curves in Figure 2
show the case of turbid days while clear ones are plotteckibdiitom curves in Figure 2.

| Global solar irradiance I, signal |

Figure 4: Flowshart for the threshold value estimation toveste clear days

4. Comparison of theresults obtained from the 2 methods

We apply the two methods presented in Section 2 and 3 to tice$our years (2005-2008)
of global solar irradiance data recorded at Ghardaia. Towatinty average number of clear days
we find, is plotted in Figure 5 (left curves). We observe thatnumber of clear days obtained
with the wavelet method is in average lower than what we hairgithe clearness index criteria.
490 clear days are obtained with the wavelet method whilemgeG?23 with the clearness criteria
method. A diterence of 143 days exists when we process the same wholealatétls the 2

7



—
1S5
[=3

T
—+—wavelet —+—Wavelet

80 - ] ST
cleamess : L |-+ clearness -

—
~
=)
\
\
\
'
'
'

-~
=]
T
—
[=
S
T
-

[=2)
[=3
T
—
o
t=}
T

w7

(32
[=]
T
—
w
[=3
T

number of clear days
number of days

=~
S
T

1207

1107
30r
1001

20 ! ! ! ! : 1 1 1 1

% ‘
2 4 6 8 10 L 005 20055 2006 20065 2007 20005 2008
months

years

Figure 5: Left curves: Average number of clear days per month for 2005, 20067 and 2008 obtained with the two
methods Right curve: Number of clear days per year obtained by the two nastho

methods. This dference is significant in statistical studies and of courgedds on the limit
value of the modified clearness index. The widely used valide 8s seen in see Section 2 was
taken in our analysis. Since the clearness index methodédban the average of hourly values
of the solar irradiance, this makes it very sensitive to flgaature of clouds and aerosols. A
turbid day may easily classified as clear due to this meanlzdion if the signature of clouds
and aerosols present in the solar irradiance componenigbesrthan few tenths ofv/n?. This

is confirmed by Lopez and Battles [21] who wrote that some i erroneously be included as
a totaly cloud-free atmosphere if a simple radiometriecidin such ag; > 0.7 is used. Itis then
expected that the clearness criteria method is not seméitiinstance to thin cloud covers and
cirrus clouds, which have smalifects on the measured global irradiance. Our method has the
advantage to detect these fluctuations in the global so&tiance component. The signatures of
either cirrus or thin clouds such as shown in Figure 2 willda@$formed in distinguishable fre-
guencies of dterent magnitudes in the detail ¢beients as illustrated in the wavelet transform
decomposition of Figure 3. Indeed, the day is classifiedesr dr turbid according to a constant
value calculated automatically following the importanée¢h® perturbations. Nevertheless, we
observe in Figure 5 that the curves obtained with the two ptthave very similar shapes.
We note that the number of clear days is lower during monthwdxn July and October. The
reason is that the sky in the Ghardaia regiorflieded by clouds and sandy winds during these
months [8]. The number of clear days per year obtained wéhwlo methods is given in Table 2
and plotted in Figure 5 (right curves). The correspondingg@etage of clear days relatively to
the whole data set is also in Table 2. The first row gives thebmrmand percentage of clear
days obtained with the clearness index criteria and themgkgoe using the wavelet method. As
before, we observe from the right curves of Figure 5 thatwieedurves have similar shapes. We
note a maximum of clear days in 2007 for the two methods. Taidiens previous results of
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Table 2: NB number of clear days per year obtained with therivthods and the corresponding percentage relatively
to the whole data set.

Year 2005 2006 2007 2008
Clearnessindex
NB 134 160 174 165
Percentage (%) 36.74 43.84 47.67 45.21
Wavelet method
NB 113 120 147 110
Percentage (%) 30.96 32.88 40.27 30.14

the Linke turbidity factor obtained from the same data skt\\& found that it had a lower value
during this year. The annual number of clear days is howealatively constant for the other
years when the wavelet method is used while it is not the casbé clearness criteria method.
We finally compute the GSR using the Igbal C model, that wildiescribed in the following
section, to see how it is impacted by the clear day numbenagtid by the two methods. We fit
with this model each recorded GSR data that correspondsleaaday. The analysis consists
then in the calculation of several fit quality parameterdisag the mean absolute error (maee),
the root mean squared error (rmsee), the mean absolutveetator (maree), the root mean
squared relative error (rmsree), the mean squared rekatioe (msree), the mean absolute per-
centage error (mapee), the €ivaent of determination (r2) and the correlations fi@éent (cf).
The values of these parameters are given in Table 3. The etanelthod clearly provides best
values for each quality parameter than the clearness ineééxad.
We conclude at this stage that our method is mdfieient and is not dependent of the site
and observations. We will now analyze in the next Section Hwvestimation of the turbidity
parameters is alsdfected by the number of clear days used to build the GSR model.

Table 3: The annual average errors (see text for the nojation

year maee rmsee maree rmsree msree mape€ r cf method

2005 8.786 11.479 0.021 0.035 0.002 2.081 0.995 0.998 Wavelet
12.196 17.004 0.031 0.060 0.011 3.075 0.991 0.996 index

2006 10.929 13.696 0.026 0.045 0.004 2590 0.994 0.998 Wavelet
15.316 21.532 0.044 0.093 0.026 4.353 0.983 0.992 index

2007 8.525 11.030 0.020 0.035 0.002 2.010 0.997 0.999 Wavelet
11.855 16.920 0.031 0.061 0.011 3.080 0.987 0.994 index

2008 15,519 18.504 0.039 0.060 0.008 3.931 0.957 0.997 Wavelet
19.247 25.240 0.050 0.095 0.022 5.001 0.946 0.992 index

5. Estimation of theturbidity parameters

We present first the innovative approach we use to estimateutbidity parameters with a
GSR model. These parameters areAhngstrom cogicients, theaverage surface albegg, the
wavelength Angstrom exponenttheforward scatterance Fand theaerosol single scattering
albedo w. According to Gueymard [5], the Igbal C modéfers a better accuracy than the other
more conventional models and we will consider it in the faflog. We first recall hereafter the
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main equations of this model described in detail in Igbal [15
The direct normal irradiandg (W/n) is given by:

In = 0.9751 o EoToTgTw Tale. ) (6)

wherertg, 7g, Tw, 7+ andra(a,B) are respectively the ozone, gas, water, Rayleigh and @leros
scattering transmittancek,. andEg are respectively the solar constant and the eccentricity co
rection factor.

The aerosol scattering transmittance, which depends ofela¢ive optical air massy, the
Angstrom coéicients and wavelength Angstrom exponentis given by [6]:

Ta(@, B) = (0.12445 — 0.0162)+ (1.003— 0.125¢) #Ma(1.08%+05123) (7)

We are interesting by expressing the global irradiaRa@n a horizontal surface, which is the
parameter we measure with our instruments. It is the carttab of of 2 irradiance terms:

le = lnn + g (8)

wherel, is the normal irradiance on an horizontal plane gni the horizontal dfuse irradi-
ance. The normal irradiandg, (W/n¥) is given by:

Inh = Insin(h) 9)
whereh is the elevation angle of the Sun in degrees.

The horizontal dtuse irradianceq (W/n¥) is a combination of the three individual compo-
nents, which are the Rayleigh: (W/m?) and aerosol$y, (W/mP) scattering after the first pass
through the atmosphere, and the multiple reflection presdgs (W/m?) between the ground
and sky:

lg = lar + lda+ lam (10)
l4r Which depends on aerosol single scattering albegas given by:
E} ToTgTw Iscsin(h) .

2 1-7)(1-mu+m02) *

wheretaa = (1 - (1 — wo)(1 — my + mi%)(1 - 7,) is the direct radiation transmittance due to
aerosol absorptance.
l4a is related to the forward scatterarieg

lar(Wo) = (11)

(1-7aa) Isssin(h)

Ida(Fc) = O.?gTOTgTwTaFC Tam (1 _ rna N n«%OZ) (12)
lam related to the ground albegy, is given by:
el
lam(g) = (Io + lar + lga) 22— (13)
(1- nga)

wherep, is the albedo of the cloudless sky, which can be computed with

pa = 0.0685+ (1 - Fo)(1— -2) (14)
Taa

10



The (1- F¢) term corresponds to the back-scatterance. The secondtethe right hand side
of Equation 14 represents the albedo of cloudless skiesodiine presence of aerosols, whereas
the first term is the albedo of clean air.

The global irradiancé on a horizontal surface is given by:

It =lph+ Id = (Insin(h) + Idr + Ida); (15)
1 - pgpa
We fit the global irradiance component recorded during degs we extract from the global data
set with the Igbal C model given by Equation 15. The methodistato solve a nonlinear fitting
problem in the least-squares sense i.e. we look foxthector codicients 3, pg, a, Wo, F¢) that
minimize the following residual function:

”lqbal (X) - |tr”2 = Z (lqbal (Xi) - |tr)2 (16)

wherely is the recorded global solar irradiance componentlgng(x) = 1+(3, pg, @, Wo, F¢) the
Igbal C model. The result will be a vectgs = (8o, pg,, @0, Woo, Fco) that best fits the considered
solar irradiance component. The left curve of Figure 6 plotsnstance a recorded global solar
irradiance component of a clear day superposed to its fit ®y}ghal C model. We will now
apply this process to our whole solar data set to estimateethporal variations of the turbidity
parameters given by thevector components.

The turbidity parameter we consider first is tkeector componeng, which is the Angstrom
codficient. Its monthly average values during the four years @swshby the right curve in Fig-
ure 6. We note that this parameter has maximum values dmé&gLimmer months and minimum
ones in winter. This result confirms what was found and statexlr previous paper [8]. Itis
explained by a hot summer climate and winds of the south se¢&irocco) that characterize
the region of Ghardaia. This kind of winds brings partia@éslust and sand with them, which
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Figure 6:Left curve: A recorded solar irradiance component of a clear fidilihe) superposed to its fit obtained with
Igbal C model (dashed lineRight curves: Monthly average of the Angstrom @dgent obtained from Igbal C model
built with clear days obtained from clearness index and Veaveethods. The average is over the four years of solar data.

11



1.25
K -« -cleamess ‘,’ -* -clearness
041 A f 1ah ; |
038} © :
) T 115F
Q c
by 2
E 0361 s
T 311
8 034f 5
= %
? 91.05-
0.32f <
03r 1 i
028 : ! : : ‘ 0.95 ‘ ‘ ‘ ‘ ‘

0 2 4 6 8 10 12 0 2 4 6 8 10 12
months months

Figure 7:Left curves: Monthly average values of the surface albedo adddiom the Igbal C model considering clear
days obtained from the clearness index criteria and theleiaveethods. The average is over the four years of solar data.
Right curve: Monthly average values of the Angstrom exporensing the same analysis and four years of data.

directly impact the Angstrom cdigcient. We also note that the wavelet method gives higher
values compared to the clearness criteria one, especktiiyelen May and August. The daily
difference between the values obtained by the two methods @d8l whereas itis 0.010 for
the monthly dfference or about 15%.

The secondc-vector component we consider is the surface allpgddts monthly average val-
ues computed over the four years are plotted in Figure 7dqleftes). The curves obtained from
both methods have similar shapes with locally sonfieténces reaching 0.02 or 5%. The daily
difference between the values obtained by the two methods camee@.5. We observe that the
surface albedo has higher values in spring.

The third component of the-vector of the model is the Angstrom exponentThe right curves

in Figure 7 show the monthly average values of the Angstropoegnt computed over the four
years of solar data. The two methods provide similar restlt® mean value of alpha is close
to that obtained in 2005 with MODIS data [34]. A smalffdrence of about 5% is however
observed in August and September. Thgarameter has high values around July indicating that
a relatively high ratio exists between small and large plagiof the aerosols [21] in opposite to
August. The daily diference between the values obtained with the two methodhes&:279
whereas the monthly one is 0.085.

The monthly average values of the fourtlvector componenti.e. the forward scattering param-
eterF, is plotted in Figure 8 (left curves). The curves represayfi. versus time obtained from
both methods are very close. We note that the shape of théeneder behaves in an opposite
way compared to the Angstrom d@eient (3) one. This means that aerosol particles are present
wheng is high and consequently there is weak forward scatterihg. daily diference between
the values obtained with both methods reaches 0.461 whireasonthly one is 0.045.

Finally, The right curves in Figure 8 plot the monthly avera@lues of the aerosol single scat-
tering albedo parametevw,, which is the fifthx-vector component. We observe also that both
curves are very closavy has the same shape as the Angstrontfaoents in opposite with the
forward scattering parameteg. We found that the daily dlierence between the values obtained
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Figure 8: Left curves: Monthly average values over the four years of dathedforward scatterancd-¢) considering
the IgbalC model and the clear days obtained with by the ésar index criteria and the wavelet meth&ight curve:
Monthly average of the aerosol single scattering albeg) ¢sing the same analysis and four years of data.

by the two methods reaches 0.6 whereas the montfigrdnce is 0.015.

6. Conclusion

A new method is presented in the present work to extract deservation days from solar
irradiance measurements and consequently estimate thidityiparameters. It is based on the
wavelet transform properties and allows the determinasioall clear days from a huge data
set which are useful for modeling studies. This wavelet meik compared to the well-known
one called the clearness index method. The number of clgar fdand by the two methods
differs with 143 days when we process four years of data (2008)20@lobal solar irradiance
recorded at the Unit Research of Renewable Energies lorat&thardaia in the south of Algeria.
This difference is highly dependent on the limit value used with tharcless index method. We
can point out that we may classify few days as clear with im# halue and other ones as not
due to the fixed threshold &f that depends on the location where measurements are pedorm
Our method avoid this problem and allows to localize theaigres of noise, aerosols and clouds
in time and frequency and then distinguish between cleartarid days independently of the
observation location.

We used in a second step the Igbal C model to quantify ffexts of the dierence of clear
days obtained with the two methods. We studied first how thdehfits our measurements
and secondly we presented a new approach to estimate thditygarameters, which are the
Angstrom coéicients 8), the wavelength exponent), the aerosol single scattering albedg),
the forward scatteranc&¢) and the average surface albegg) ( The statistical analysis revealed
that there are someftierences between the results to model the GSR and in the #@etiréthe
turbidity parameters. It should be noted that th&edence between the two methods could be
more significant if another threshold rather than 0.70 wasl fisr the clearness index method.
We can conclude that our new method is mofigceent and is site independent contrarily to
the clearness index method. The other new approach we @oposhis work to estimate the
turbidity parameters is also promising and will be used irearrfuture to study the temporal
13



variations of the turbidity parameters at Ghardaia. Bnale notify the persons interested by
our method that the algorithms of our method are available.
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