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Abstract- Aerosol Optical Depth (AOD) data analysis in relation with turbidity Linke factor and heliostat atmospheric
attenuation of solar beam irradiation assessment are critical elements for suitable optimal management and sizing of energy
systems installation using solar tower technology. This paper demonstrates that AOD Weibull distribution along with the
Kolmogorov-Smirnov test and the coefficient of variation index is capable of describing accurately the attenuation beam solar
irradiation in two timescales conditions; the regular rainfall period and the irregular one. The Weibull distribution parameters
are determined based on measured tri-hourly mean aerosols optical depth data in times-series for a decade and a year. The data
were collected from MACC reanalysis aerosol, at the climates under effect of Mediterranean, oceanic, continental, desert,
Sahara and mountain influence of represented by Rabat, Oujda, Ouarzazate, Er-Rachidia and S'mara (Morocco). For each site,
a sample of 31936 tri-hourly time series from AOD data for over 10 years was analyzed. Two climate zones have been
defined; the northern zone with a fluctuating Linke turbidity factor around 3.5 (highest 5.5 in august in Oujda and lowest 3.13
in January in Ouarzazate), and the southern zone ‘S’mara’ where it fluctuates around 4.5 (highest 6 in July and lowest 3.6 in
January). The obtained results are interpreted and an account of the major findings including prospective applications of the
present study is given and discussed. It is also pointed out that this study might be generalized to the locations with similar
environmental conditions.

Keywords Attenuation solar assessment, Turbidity Linke factor, Aerosol Optical Depth, Weibull Distribution, Solar Tower
Power

1. Introduction particles in the extra path travelling where the irradiation is
reflected from the heliostat to the receiver tower.

Recently, there has been a growing interest in
thermodynamic solar energy conversion in the world.
Among solar energy conversion systems, concentrating solar
energy is a very promising technology, including the solar
Tower Power mainly, because it provides high temperature,
for generating electrical high voltage and/or producing
hydrogen. Nevertheless, this technology is confronted by
high atmospheric aerosol content, in two ways. The first one,

The attenuation of solar radiation is an important key in
the assessment of the solar energy resources studies at
considered site. It is valued by several coefficient and factors
such as the angstroms exponent, or the Linke turbidity
coefficient. An important review in this case is presented by
Eltbaakh et al. [2]. It takes into account both the atmospheric
aerosol and water vapor content in the new formulation of
Ineichen [3]. The turbidity Linke coefficient was introduced

from the top atmosphere to heliostat in the ground due to
scattering and absorption aerosols and water vapor
atmospheric contents [1]; Secondly, it is constrained by those

by Linke in 1922; it is related to the number of ideal
superimposed atmospheres leading to the same attenuation
than real atmosphere [4]. Even if it is easy to retrieve the
water vapor measurement data from climatological
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laboratory, or specialized satellites [5], it is not the same
accessibilities for the AOD measurement. In 2008, with an
aim to circumvent this difficulty, an approach was proposed
based on two different models; the radiative transfer model
and clear sky model. They describe a conversion function
associated with the aerosol optical depth, the water vapor
column and the Linke atmospheric turbidity factor.

Currently, widespread studies are being conducted in
many parts of the world to evaluate and model solar
potential. Markovian approaches that contributed to the
random fluctuations model in solar radiation are worth
considering. More topical studies have focused on the
randomness model of solar radiation using neural networks
and fractal analysis. Some works have used insolation [6-10]
and others have wused -climatological data [11-15].
Furthermore to model the main components solar irradiance
on clear and dry sky, researchers have also employed
radiative transfer models (RTM).

In order to contribute to the realization of an aerosol
atlas of Morocco similar to the studies carried out on Finnish
wind atlas [16] and Saudi Arabia solar radiation atlas [17], in
this work we demonstrate that the Aerosol Optical Depth
(AOD) can be achieved by the Weibull distribution model
which is a special case denoted by Generalized Extreme
Value type III. The second exam of Kolmogorov Simonov
critical value is related to the maximum likelihood estimation
method which is a mathematically validated. The Weibull
probability distribution function (PDF) can be used
effectively to analyze skewness data sets and can provide
comparable results, monthly averaged as small and moderate
sized samples [18]. In general, this study aims firstly at
evaluating the aerosols optical depth, and the attenuation the
solar radiation with the help of statistical modelling. In the
second phase, a comparative study of the solar attenuations
evolutions of the five Moroccan sites representing particular
climates in accordance with their rainfall periods will be
carried out and discussed.

2. Materials and Methods

Atmospheric gases, clouds and aerosols absorb and
diffuse solar radiation in all directions. A part of radiation is
reflected towards the cosmic space. Another part passes
through the atmosphere and reaches the surface of the earth.
As shown in figure 1, The solar radiation reaching the
surface will then be partially absorbed and reflected by
various materials, such as dust, snow, sand and sea salt. The
radiation reflected by the surface will then be scattered by the
atmosphere and a part will be returned to the surface of the
earth. This process of interaction with particles which exist
between the surface and the atmosphere is continuous. This
leads to an increase in diffused radiation at the surface
relative to an ideal surface absorbing any incident solar
radiation.

The Solar power plant performance is influenced by
atmospheric attenuation at different temporal resolutions
related to aerosol present in the atmosphere environments of
the plant. The first one between the top of atmosphere (TOA)
and the ground, where space was assessed by the Linke

Trouble factor (TL), and the second attenuation between the
heliostat (hi) and the receiver tower, exactly on the slant
range A(%).
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Fig. 1. Schematic diagram of the path traveling the beam
solar irradiation from TOA to receiver Tower.

The two parameters evaluated intermediately the AOD,
thus, the most accurate two-parameter Weibull PDF (next
section) method to represent the AOD data collected in each
of selected locality.

In addition this assessment was accomplished during two
different timescales, the first concerned a period when the
rainfall is regular, the second timescales concerned the
irregular rainfall period described by the fine mode fraction
(FMF) coefficient, explaining that the atmosphere contains
coarse particles if it is low and vice versa [19], to report that
the FMF with in correlation relationship to rainfall.

2.1. Atmospheric Solar Attenuation Related to the Solar
Tower

As mentioned previously, the AOD is an important key
on the solar attenuation from ground until the top of
atmosphere and is useful in the studies such as radiative
forcing, aerosol dispersion, and remote sensing correction.
Generally the AOD measurement is usually unavailable for
the direct determination of Linke turbidity factor and the
average attenuation loss in the lower atmospheric boundary
layer is used for the designed solar heliostat field layout. The
Linke turbidity values Ty, are then calculated from the beam
irradiance on the basis of the best multivariable fit
correlation in regard to the radiative transfer calculation. Ty
is measured from the conversion function versus the
atmospheric water vapor content (Wp) and aerosol optical
depth at 550 nm (9d..), at sea level and for an air mass AM=2
[20]. Ineichen [21] pointed out that the inverse function can
be used to convert the Linke turbidity Ty to the aerosol
optical depth.

On the other hand, the heliostat field concentrates the
beam normal irradiance on the top of a central tower; in

1431



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

A. Beyoud et al., Vol.8, No.3, September, 2018

accordance with the power of the plant, the solar field
achieved a reflective surface up to several million of meter
square. The solar radiation reflected by the distant heliostats
to the receiver, undergoes a more or less intense weakening
giving from the density of the aerosols present along their
optical path. This extinction is added to the different optical
losses of the solar field [22]. In the expected sites for CSP
projects, the aerosol represents a particular variability range.
Thus, it is a sensitivity parameter effect to the CSP plant
production, which should have study interest and analysis
sensitivity.

The canonical correlation analysis suggests that the air
mass doesn’t have a strong impact on solar attenuation from
heliostat to receiver;, though, it is obviously worth
considering in the slant range and the aerosol optical depth
AOD [23].

The analysis of atmospheric aerosol radiative parameters
at the local level of two solar photometric stations, Oujda and
Ouarzazate, of the AERONET were studied [24]. By
employing the apparatus for measuring the extinction
coefficient of the atmosphere in grouping to sun photometer
the atmospheric attenuation have been described for south-
east Spain [25]. It may provide a motive for the researchers
of the related countries to conducting an atlas of AOD
attenuation.

In addition to the attenuation analysis, the Angstrém
exponent parameter might also be evaluated [26]. This key
parameter can give knowledge about the characterization of
particles regarding to AOD contents. A high average value
means existence of fine particles in the atmosphere and vice
versa [27]. In the statistical point of view, likewise the
measurements of all the random variables in various fields,
the AOD measurements are expected to be described by the
probability distribution function (PDF) [28, 29].

2.2. Probability Distribution Function (PDF) Analysis

The usually distributions used to describe atmospheric
variables are normal and lognormal functions [30, 31], and
[32]. Widely the lognormal distribution was applied, to
characterize the statistical behaviors of measured AOD [33],
[34]. A more difficult parameterization reaches more
accurate distribution characteristics; however, it increases the
application difficulty [35].

AERONET data based, O’Neill et al. has confirmed that
the lognormal distribution is most representative than the
normal distribution, so the geometric mean is more
significant to describe the distribution average. Liu validate
the recovered satellite AOD data measurements through
lognormal distribution. However, he introduced the effect of
different time scales on the PDF lognormal distribution and
he demonstrates that the histogram of the AOD measurement
data show a positive skewness [36]. Stability analysis was
achieved for multi-timescale AOD using Aeronet data [37].
The Weibull PDF can be considered an appropriate
distribution function for modeling statistically the aerosol
optical depth data because it gives a good fitness to the
measurements data at the ground surface up to the top
atmosphere. The Weibull distribution can be characterized by

its probability density function f (3ss50) and its cumulative
distribution function F (8ss¢) is given as:

) B
F(c5550|a,/5)=1—exp _(%) (1)

Where, (a,p) are respectively the scale parameter; and
the shape parameter. The mathematical expression Maximum
Likelihood Estimation method (MLM) is a function of the
variable d..; the AOD data measured at wavelength 550 nm
in time series format. The MLM approach is resolved
through numerical iterations.

In order to validate for PDF proposal adequation for the
available AOD data, Kolmogorov-Smirnov exam for fitting
goodness hypothesis is considered, (usually used for wind
speed studies) [38]. The test method applied to “n” bins of
AOD data histogram, verifies the hypothesis that a data set is
really represented by a Weibull distribution with known
shape and scale parameters. Then, it calculates the
cumulative probability joined to the Weibull distribution
F(3..) and the measurement data histogram.

Finally, In order to be able to use the Weibull
distribution and to validate it the statistical test of
Kolmogorov Smirnov can be adopted. So the parameter,
representing the Kolmogorov-Smirnov test (ks), is computed
through the following expression:

ks = Max|F(355,) = F(ssy)| @)

The likelihood of the presence of initial rejection,
defined by the significance level for ks equal to 10% the
critical parameters for the significance level are evaluated (in
the analogue process for wind speed data analysis).

1
ks, (n) = 0.8324905 - 0.199103 7 2 3)

ks, (n) = 0.026511- ks +0.002725911-ks*  (4)

The parameter ks* for the number of “n” bins of the
AOD histograms is given by:

1
ks =ks-n> (5

If the value of ks* is greater than the value of the critical
parameter ks;9, then the used method is not adequate for the
specific AOD data.

In the point of view of tailed distribution, the weibull
distribution having f greater than 1 is defined as a light-
tailed distribution, [39], in the converse case, a coefficient of
variation having lower value is determined and used to test
adequation weibull with heavy tailed:

1432



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

A. Beyoud et al., Vol.8, No.3, September, 2018

F(1+2)
CVI,oy = —— = by (6)

<‘5550> | 216! l
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Also the coefficient of variation index, (CVI) [40]
designate a value close to 1 ( or 100 % ) signifies a model
equivalent to the measured data, a value less than 1 a better
model, and a value greater than 1, an undesired model.

2.3. Moroccan Location of the Studied Sites

In order to carry out our study, the data for various
specific locations (mountainous, desert, valleys, prairies and
littoral areas), altitudes (high and low level) and climates
were selected. Figure 2 shows the following sites:

36
B b ..................... R
)l

30_ .................

<
281 g o

Algeria

Latitude

DB fers

Mauritania
24 .................

DDy

20
-20 -15 -10 -5 0

Longitude

Fig. 2. Morocco / Rabat, Oujda, Ouarzazate, Er-Rachidia and
S'mara location sites.

» Oujda, latitude 34.687, longitude -1.911, altitude
650 m agl, area with predominance climate under both
Mediterranean and continental influence.

> Rabat, latitude 34.013, longitude - 6.783, altitude
114m agl, littoral area with oceanic influence.

» Er-rachidia, latitude 31.910, Ilongitude -4.410,
altitude 1029 m agl, desert and arid environment influenced
by the continental climate,

» S’mara, latitude 26.742, longitude -11.6784, altitude
287 m agl, desert-saharien climate at 220 km far from the
oceanic littoral.

» OQuarzazate, latitude 31.010, longitude -6.860,
altitude 1543 m agl, arid climate under mountain shadow and
continental influence.

2.4. Meteorological Data

The Modern-Era Retrospective analysis for Research and
Applications, (MERRA DATA) free web service, available
on the internet, delivers time series of temperature at 2 m
above ground level (agl), relative humidity (at 2 m agl),

pressure (at 2m agl), wind speed and direction (at 10 m agl),
rainfall, snowfall and snow depth.

The data range time step is hourly. The spatial resolution
approximately is 50 km. The data are extracted since Jan
2005 up to Dec 2015, followed by the controlling process for
the quality of measurements of meteorological data (QCP),
based on variables extrema, and maxima step for two
measures are verified [41].

2.5. Aerosol Data Processing

Aerosol Optical Depth (AOD) data used in this paper
come from MACC reanalysis aerosol, by intermediate The
CAMS-AOD under grant agreement no. 218793 (MACC
project, 2009-2011), no. 283576 (MACC-II EU-funded
project, 2011-2014), which is a free service available on the
internet, delivers time series of aerosols provided, the time
coverage of the data is from 2005-01-01 up to 2015-12-07.
Time step is 3 hours. The Aerosol Optical Depth measured at
wavelength of 550 nm and 1240 nm, concerned the total
AOD, Black Carbon, Dust, Organic Mater, Sea Salt and
Sulfate.

3. Results and Discussions

Figure 3 (a) shows AOD data of 11 years at 550 nm, and
(b) the Angstrom exponent known as the fine mode fraction
(FMF) variation. We observe the atmospheric AOD behavior
change from January 2013. A sample of 31936 points is tri-
hourly bearings from of AOD (a). The variations of aerosol
optical depth and the fine mode fraction are presented. The
values of ds5p varying during the period from 2005 up to
2012 (period: P1) are quasi stable in the majority of sites,
ranging between of 0 and 0.8, the FMF making a band from
#0.85t0 1.5
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Fig. 3. Aerosol Optical Depth at wavelength 550 nm
measurement from Jan. 01 2005 up to Dec. 06 2015 hourly
averaged for Ouarzazate location, (may be the same for the
others location ) (a) Fine mode fraction data, (b) Time-series
data.

However during the period 2013 up to 2015 (P2), the
FMF indicate that the atmosphere is more turbid, decreasing
from January with lower than one until the minimum reached
to 0 after increasing to 1.75; while the rainfall during P1 is
regular than P2, so the atmosphere is more turbid by the
AOD during P2 than P1 because, it is not sufficiently
cleaned, from particles subsisted there; some crystal water
particles are added, and/or coarse aerosols established. A low
value of FMF describes more coarse particles exist in the
atmosphere and vice versa, due to a relationship between the
FMF and a rainfall.

Morocco is a country rich with its various variables
climates, Rabat as an Atlantic location and Oujda as a
Mediterranean location, have the same particularity as they
are near the sea. Furthermore, the anthropic particles coming
from industrial activities, in addition for Oujda where the
continental dust come to participate for disturbing
atmosphere; the rainfall were not heavy during P2 in
comparison to Pl, S’mara a desert region, where the
continental dust is very abundant, somewhere the lightly
rainfall is the behavior of the site. In the inference, the AOD
variation needs to be statistically analyzed in each region,
during the rainy and dry periods.

Figure 4 displays the evolution of rainfall and fine mode
fraction during both the periods. The regions that are under
the continental influence (Ouarzazate, Oujda and Er-
Rachidia) where the same rainfall disturbance reigned during
the period P2, than the period P1. Thus the FMF possess
lower values with a high variability, which means that the
atmosphere in these regions contains coarse aerosols; while
the region of S'mara is known to have desert climate from
where the rainfall is mostly low. On the other hand, the
Rabat region under the oceanic influence takes an
intermediate status due to the presence of relative humidity,
high temperature and sea salt.
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Fig. 4. Annually boxplot variation of the fine mode fraction and rain depth related to location under study

Figures 5 and 6 illustrate for each month, the cumulative
distribution function of the Weibull distribution plotted
against the cumulative frequency distribution of measured.
These curves illustrate the Weibull methods that fit best to
the measured AOD data.

The ks test results are summarized in table 1. The
goodness of fit tests summarized in (subplot (a) is related to
the period P1 and subplot (b) is related to the—period P2),
show that the ks* is higher than the critical value ks.;( in all
case studied by month, so any interval data does not rejected
by the Kolmogorov-Smirnov test. Likewise, the Maximum
Likelihood in our case studied has been proved adequate for
the available AOD data from for the two times scales data
conditions P1 and P2. As a result, the weibull distribution
model is validated for predicting Aerosol Optical Depth. But
the form parameter § is less than 1 in February for all
locations excluding S’mara, a pure desert area. This
conditions describes that the distribution can be ranked as
heavy-tailed [33], therefore the same case can be modeled by
log-normal distribution.

In the case of irregular rainy season in winter (February)
in P2, the variation of AOD in the atmosphere is not steady
(as discussed above). The coefficient of variation index is
very large describing in fact the atmosphere. The form
parameter is less than one and the distribution shows
flatness. Therefore, the form parameter depends on the state
of the weather at certain location. Table 1 (Annex) illustrate

the monthly averaged AOD and their variability CVI for all
the sites, and show that during the period P1, the variability
is around 0.5 with a minimum less than 0.261 in august and a
maximum up to 0.617 (the both extrema registries in Er-
Rachidia region). Whereas, during the period P2 where the
variability of AOD is much dispersed, the CVI is greater than
1 in February during the winter season except for S'mara
which keeps the same behavior as the period P1. This may
justify that why the regularity of the rain gives stability for
the atmosphere. The low value of the variability confirms
that the reliability of the approximation of the CDF to
measurements distribution is true when the climate is regular.
The coefficient of variation index CVI is very low which
makes it worth perceiving that the weibull distribution is a
suitable model to model AOD data. Therefore, in our cases
the log-normal results are equivalent to those calculated by
weibull model.
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and its monthly goodness of fit during period P1:2005-2012
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Fig. 6. AODssy Cumulative Distribution Function Data
and its monthly goodness of fit during period P1:2005-2012.

Since the scale and the shape parameters were
determined using the maximum likelihood method as the
estimation method, we can associate the averaged AOD by
gamma function, with the statistical average of the water
vapor atmospheric column content, as it is presented in the
new formulation of Ineichen. Therefore, the factor of Linke
can be determined easily, and the coefficient of atmospheric
attenuation relative to the radiation reflected from the
heliostat to the tower receiver according to the Polo formula,
for an average distance of 1.3 Km. Table 1 displays
attenuations relative to each and every site. The series of Tp
achieved are reported in the same table (Annex) and plotted
in figures. 8 and 9.

Figure 10 shows that the Moroccan regions are
heterogeneous and can therefore be classified into two
groups according to the values of AOD averaged and their
variations throughout the year.

Four curves related to the northern regions of Morocco
are analogous, revealing the AOD variations are the same
throughout the year during heavy rainfall period (P1) as
displayed in figure 10.
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Fig. 8. Turbidity Linke factor during P1: heavy rainfall
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Fig.9. Turbidity Linke factor during P2: lightly rainfall
period

Figures 11-15, shows the AOD averaged variation with
standard deviation errors for each case and locations
separately wherein, errors are very small in the period P1
than P2. The standard deviation has been estimated by
employing weibull distribution parameters [42].
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Fig.10. AODssy during period (1 and 2) in the compared
sites.
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Fig.12. AODss, in Oujda during the compared Periods

These groups are related to the following climate
groups:

» G1: northern Group characterized globally by
littoral locations with low altitude (Rabat, Oujda), and in the
desert locations with high altitude (Ouarzazate, Er-rachidia)
where climate is under mountain shadow, giving moderate
atmospheric water atmospheric vapor content, aerosols
optical depth (the whole year have less than 0.3).

» G2 (S’mara): Southern Group characterized by their
desert climate, having dust as aerosols reign (quarter year
with AOD greater than 0.3) with low atmospheric water
vapor and low altitude.

The group Gl includes zones with high altitude
maximum more than 1500 m above sea level (ASL); desert
climate under mountain climate effect causes partly humid
atmosphere, and the minimum Rabat (114m ASL) located
near the oceanic Atlantic and the medium altitude (more than
600 m) located near the Mediterranean’s sea cold semi-arid

climate (Oujda).
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Fig.14. AODss in S’mara during the compared Periods
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Fig.15. AODss, in Ouarzazate during the compared Periods

Therefore, the altitude and water vapor contents do not
have a noticeable impact on the atmosphere turbidity.

The southern group G2 includes the desert climate with
low altitudes wherein the dust/sand are major elements
transported by the wind (S’mara location).

The two zones are in accordance with both the aerosols
and water vapors demonstrate the same variation which is
dependent on the climatic and geographical conditions.
Humidity along with sand and dust transported by winds
consequently makes the Tp factor high, fluctuating around
3.5 (highest 5.5 in august in Oujda and the lowest 3.13 in
January in Ouarzazate). Not so far from this group AOD
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ranking, we found in (Rabat), lower altitude, introduces a
warm-summer climate near the Atlantic ocean with a
predominance of humidity where sea salt thickness increase
with temperature growing.

Group G2 S’mara which is almost 200 km from the
ocean with lower altitude: The Ty is sensitively greater than
the others regions and fluctuates around 4.5 with lower
values in winter in January (3.6) and the highest values in
July (reach to 6).

Fig 9 shows an evolution of the Turbidity Linke factor
which fluctuates considerably during a long period (winter,
spring and summer seasons). This state of the atmosphere is
hard to judge, and assesses the key indicators of solar
extinction.

Under the climatological regularity, it can be inferred
that the turbidity Linke factor demonstrates a regular
increases until a maximum in July and then decreases in a
similar way until December; whereas it is unstable in the
converse case.

The third polynomial coefficients of the equation of
atmospheric attenuation slant in the solar tower project are
shown in table 1 (Annex). The results depict that in the solar
tower plant, the atmospheric attenuation for the slant path for
an average distance of 1.3 Km on the irregular rainfall period
can reach 28% at Er-Rachidia (February) and the lower in
Oujda (December) with 3.3%, but in the regular rainfall
period. The attenuation is though very steady and oscillates
between 3% and 15.9%.

The atmospheric attenuation for solar tower power plant
can reach 28% at Er-rachidia (February) and 26% at S’mara
(August) and fluctuate around 11% in the others cases
locations and regular rainfall period.

4. Conclusion

Aiming at optimal management [43,44] and sizing of
energy systems installation using solar tower technology, the
tri-hourly Aerosol Optical Depth data format have been
statistically analyzed in two timescales conditions, a regular
rainfall period and an irregular one. Based on the fine mode
fraction classification, the qualification periods were
considered for the Moroccan location refereeing to various
climate dominance for each region under oceanic effect
Mediterranean, continental, desert, Sahara and mountain
influence.

Thus, the most significant outcomes of this work can be
summarized as following:
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Annex

It, the inferred weibull parameters, Linke turbidity factor, the heliostat attenuation

10n resu

Komogorov test validat
atmosphere, and the parameters of the attenuation loss between the heliostat and the solar receiver (Left

Table 1

P1; Right: P2)

Er-Rachidia P2:Lightly rainfal $=1,3 Km Period P1: Heavy rainfall (5=1,3 Km)

Month Ks Ks.10 Ks* a B <AOD(P2)>| p3 p2 pl pO A(%) wp(cm) TL Ks Ks.10 Ks* a B <AOD(P1)> p3 p2 pl p0 A(%) wp(cm) TL
1 0,158 0,004 0,038 0,068 1,366 0,062 |-0,04 - 0,19 3,38 0,03 4,016 0,84 2,986 0,094 0,003 0,023 0,092 2,041 0,081 0,016 - 0,41 4,30 0,01 4,846 0,85 3,152
2 0239 0,007 0,058 0,287 0,706 0,361 2,26 -15,02 38,51 -1,46 28,202 0,84 5,526 0,095 0,003 0,023 0,146 2,133 0,130 0,046 - 1,00 6,65 0,10 6,956 0,94 3,603
3 0,088 0,002 0,021 0,240 1,886 0,213 015 - 2,12 10,86 -0,22 10,654 1,03 4,347 0,123 0,003 0,029 0,249 2,071 0,221 0,162 - 2,21 11,22 0,23 10,980 1,04 4,414
4 0102 0003 0025 0204 1,833 0,181 | 011 - 1,68 921 -017 9,218 | 1,10 4,097 | 0,097 0,003 0,023 0,208 1,666 0,186 0,118 - 1,76 9,50 0,17 9,455 1,16 4,162
5 0,123 0,003 0,030 0,374 1,511 0,338 041 - 457 1850 -037 16,853 1,23 5,475 0,055 0,001 0,013 0,309 2,378 0,274 0,234 - 2,97 13,98 0,30 13,371 1,27 4,943
6 0131 0,004 0,031 0,234 1,893 0,208 0,15 - 2,05 1059 -0,21 10,420 1,28 4,383 0,104 0,003 0,025 0,319 2,402 0,282 0,246 - 3,11 14,45 0,31 13,773 1,48 5,075
7 0210 0,006 0,051 0,532 3,761 0,480 058 - 659 2585 -0,53 23,224 1,36 6,727 0,068 0,002 0,016 0,348 4,125 0,316 0,283 - 3,50 16,06 0,36 15,218 1,30 5313
8 0,186 0,005 0,045 0,541 3,257 0,485 061 - 682 26,39 -0,53 23,590 1,52 6,810 0,059 0,002 0,014 0,365 4,339 0,332 0306 - 3,75 16,92 0,38 15,957 1,35 5,465
9 0,159 0,004 0,038 0,361 1,733 0,322 034 - 4,02 17,11 -0,35 15,847 1,67 5,454 0,063 0,002 0,015 0,335 3,142 0,300 0,264 - 3,30 15,25 0,34 14,502 1,54 5234
10 0,120 0,003 0029 0304 1,876 0270 | 024 -301 1393 -029 13266 | 1,44 4956 | 0,046 0,001 0011 0,181 3,532 0,163 0,089 - 1,40 8,27 0,16 8,419 1,46 4,055
11 0149 0004 0036 0167 1,353 0,153 | 0,08 - 1,34 787 -0,12 8,003 | 1,13 3,868 | 0,071 0,002 0,017 0,144 2,440 0,127 0,043 - 0,97 6,53 0,09 6,857 1,16 3,662
12 0,096 0,003 0,023 0,062 2,283 0,055 ]-005 - 011 3,04 0,05 3,713 0,95 2,972 0,082 0,002 0,020 0,110 2,053 0,097 0,005 - 0,61 5,08 0,04 5,551 0,95 3,33

Oujda

Month  Ks Ks.10 Ks* o B <aop(P2)>| p3 p2 p1 po A%) |wp(cm) TL Ks Ks.10 Ks* o B <AOD(P1)> p3 p2 pl p0 A(%) wp(cm) TL
1 0,40 0,004 0,034 0,087 2,024 0,077 |-0,02 - 036 4,10 0,00 4,668 1,36 3,099 0,128 0,003 0,031 0,138 1,928 0,122 0,036 - 0,91 6,29 0,08 6,634 131 3,238
2 0163 0004 0039 0272 0,909 0285 | 053 - 502 1796 -037 15,657 | 1,35 5508 | 0,114 0,003 0,027 0,146 1,715 0,130 0,046 - 1,02 6,70 0,09 6,994 1,36 3,644
3 0193 0005 0047 0153 2,086 0,136 | 0,05 - 1,08 695 -0,11 7,223 | 1,49 4350 | 0076 0,002 0,018 0,237 2,366 0,210 0,147 - 2,04 10,65 0,22 10,501 1,51 4,419
4 0,084 0,002 0,020 0,148 1,940 0,131 005 - 1,02 6,73 -0,10 7,029 1,75 4,153 0,189 0,005 0,045 0,189 1,742 0,168 0,094 - 151 8,58 0,15 8,662 1,72 4,187
5 0,112 0,003 0,027 0,348 1,680 0,310 032 - 383 1647 -033 15,308 1,90 5,450 0,070 0,002 0,017 0,346 2,250 0,307 0,287 - 3,53 15,84 0,33 14,925 2,02 4,957
6 0,070 0,002 0,017 0,255 2,007 0,226 017 - 230 11,53 -0,24 11,242 2,16 4,449 0,066 0,002 0,016 0,300 2,810 0,267 0221 - 2,83 13,55 0,30 13,032 2,30 5,076
7 0,105 0,003 0,025 0,461 1,933 0,409 052 - 577 22,52 -0,46 20,226 2,46 6,702 0,070 0,002 0,017 0,326 3,791 0,295 0255 - 3,19 14,94 0,33 14,260 2,45 5372
8 0128 0003 0031 0332 2267 0294 | 027 - 332 1514 -032 14335 | 2,63 6,766 | 0,110 0,003 0,026 0333 3,693 0,300 0262 - 3,28 15,24 0,34 14,509 2,51 5,513
9 0106 0003 0025 0451 2015 0400 | 049 - 547 21,75 -044 19,658 | 2,52 5429 | 0,084 0,002 0,020 0,301 3,264 0,270 0223 - 2,84 13,66 0,30 13,144 2,45 5,239
10 0121 0,003 0,029 0,210 1,669 0,187 012 - 1,78 958 -0,18 9,524 2,11 4,940 0,090 0,002 0,022 0,153 2,595 0,136 0,055 - 1,07 6,96 0,11 7,242 2,08 4,075
11 0,146 0,004 0,035 0,232 1,653 0,207 0,15 - 2,07 1061 -0,20 10,411 1,60 3,891 0,091 0,002 0,022 0,154 2,266 0,136 0,054 - 1,08 6,96 0,11 7,238 1,65 3,698
12 0,108 0,003 0,026 0,052 3,378 0,047 1-0,06 - 0,01 2,65 0,06 3,352 133 3,033 0,090 0,002 0,022 0,120 2,465 0,107 0,017 - 0,72 5,53 0,06 5,957 1,44 3,41

Rabat

Month  Ks Ks.10 Ks* o B <aop(P2)>| p3 p2 p1 ) A(%) |wplem) TL Ks Ks.10 Ks* o B <AOD(P1)> b3 p2 pl p0 Al%) wp(cm) TL
1 0137 0004 0033 0103 1,897 0,091 [-0,00 - 053 478 -0,03 5281 | 1,50 3,098 | 0,107 0,003 0,026 0,159 2,251 0,141 0,060 - 1,13 7,17 0,12 7,430 1,40 3,223
2 0,197 0,005 0,047 0,236 0,921 0,245 035 - 3,66 1445 -027 13,094 1,49 5,441 0,114 0,003 0,027 0,244 1,784 0,217 0,161 - 2,20 11,12 0,22 10,868 1,49 3,628
3 0,165 0,004 0,040 0,237 1,506 0,214 016 - 2,22 11,05 -0,21 10,767 1,73 4,337 0,045 0,001 0,011 0,286 2,916 0,255 0,204 - 2,64 12,92 0,28 12,488 1,64 4,378
4 0,103 0,003 0,025 0,138 2,189 0,122 004 - 091 629 -0,08 6,640 1,96 4,133 0,106 0,003 0,025 0,172 2,534 0,153 0,075 - 1,28 7,76 0,14 7,957 1,85 4,150
5 0,109 0,003 0,026 0,168 2,655 0,149 0,07 - 123 759 -013 7,804 2,12 5,394 0,116 0,003 0,028 0,315 1,973 0,279 0,249 - 313 14,40 0,30 13,672 2,13 4,894
6 0,152 0,004 0,037 0,202 2,102 0,179 011 - 1,63 9,09 -017 9,120 2,30 4,404 0,088 0,002 0,021 0,287 2,010 0,255 0211 - 2,73 13,04 0,27 12,533 2,36 5,000
7 0128 0003 0031 0229 1,69 0205 | 014 - 203 1048 -0,20 10,302 | 2,43 6,567 | 0,113 0,003 0,027 0311 2,626 0,277 0236 - 2,99 14,10 0,31 13,487 2,36 5,265
8 0,072 0,002 0,017 0,289 2,326 0,256 021 - 2,70 13,03 -0,28 12,552 2,34 6,592 0,091 0,002 0,022 0,305 3,173 0,273 0,227 - 2,89 13,82 0,31 13,277 2,31 5,384
9 0,197 0,005 0,047 0,221 1,645 0,198 014 - 19 10,14 -0,19 10,005 2,47 5,327 0,067 0,002 0,016 0,321 2,977 0,286 0,246 - 3,10 14,55 0,32 13,897 2,31 5,127
10 0,196 0,005 0,047 0,277 1,491 0,250 022 - 2,82 13,08 -0,25 12,462 2,16 4,867 0,056 0,001 0,013 0,178 2,932 0,159 0,083 - 135 8,07 0,15 8,232 2,07 4,015
11 0,127 0,003 0,030 0,159 2,123 0,141 006 - 1,13 718 -011 7,432 1,74 3,867 0,123 0,003 0,029 0,192 2,289 0,170 0,097 - 1,51 8,65 0,16 8,739 1,76 3,671
12 0,123 0,003 0,030 0,078 1,904 0,069 |-0,03 - 027 371 0,02 4,311 1,47 3,036 0,107 0,003 0,026 0,165 2,113 0,147 0,067 - 121 747 0,12 7,692 1,54 3,39

S'mara

Month  Ks Ks.ao  Ks* a B <noD(P2)>| p3 p2 p1 PO A%) |wplem)  TL Ks Ks.10 Ks* @ B <AOD(P1)> p3 p2 p1 p0 A(%) wp(cm) T
1 0170 0,005 0,041 0,169 1,467 0,153 0,08 - 133 7,84 -012 7,993 1,42 3,956 0,102 0,003 0,025 0,134 2,561 0,119 0,033 - 0,87 6,13 0,08 6,501 133 3,648
2 0,166 0,004 0,040 0,199 1,477 0,180 011 - 171 926 -0,16 9,223 1,56 4,223 0,095 0,003 0,023 0,221 2,084 0,196 0,129 - 1,86 9,93 0,20 9,862 1,60 4,361
3 0221 0,006 0,053 0,345 2,085 0,305 029 - 3,55 1585 -0,33 14,905 1,67 5,305 0,125 0,003 0,030 0,261 2,216 0,231 0176 - 2,35 11,76 0,24 11,458 1,62 4,668
4 0,098 0,003 0,024 0,192 2,338 0,170 0,10 - 1,50 861 -0,16 8,710 1,74 4,176 0,151 0,004 0,036 0,240 2,723 0,213 0,150 - 2,06 10,77 0,23 10,620 1,78 4,551
5 0203 0005 0049 0201 1,952 0178 | 011 - 1,63 9,06 -017 9,094 | 1,87 4273 | 0185 0,005 0,044 0224 2,181 0,198 0132 - 1,89 10,05 0,20 9,969 2,03 4,473
6 0,063 0,002 0,015 0,168 2,813 0,149 007 - 123 759 -013 7,803 2,21 4,091 0,085 0,002 0,020 0,336 2,405 0,298 0270 - 3,36 15,32 0,33 14,502 2,27 5,360
7 0123 0,003 0,030 0,399 1,760 0,355 041 - 469 19,17 -039 17,515 2,42 5,865 0,058 0,002 0,014 0,437 3,394 0,393 0411 - 4,86 20,48 0,44 18,879 2,40 6,180
8 0,089 0,002 0,021 0,602 2,393 0,533 083 - 857 30,78 -0,61 26,733 2,57 7,393 0,054 0,001 0,013 0,403 3,946 0,365 0357 - 4,30 18,76 0,41 17,484 2,55 5,965
9 0,097 0,003 0,023 0,526 2,912 0,469 059 - 6,56 2551 -0,52 22,848 2,59 6,855 0,080 0,002 0,019 0,380 2,033 0,337 0349 - 4,15 17,73 0,37 16,443 2,58 5,734
10 0,107 0,003 0,026 0,244 2,583 0,217 015 - 2,12 10,9 -0,23 10,781 2,47 4,703 0,121 0,003 0,029 0,203 2,665 0,181 0,110 - 1,63 9,14 0,18 9,186 2,37 4,384
11 0126 0003 0030 0113 259 0,100 | 001 - 064 522 -0,05 5682 | 2,05 3,651 | 0,053 0,001 0,013 0,230 3,550 0,207 0142 - 1,96 10,42 0,22 10,328 1,82 4,505
12 0,127 0,003 0,031 0,175 2,374 0,155 008 - 131 789 -014 8,069 1,59 4,017 0,087 0,002 0,021 0,141 3,262 0,126 0,042 - 0,94 6,46 0,10 6,793 151 3,75

Ouarzazate

Month Ks Ks.10  Ks* a B <AOD(P2)>| p3 p2 pl p0  A(%) wp(cm) TL Ks Ks.10 Ks* a B <AOD(P1)> p3 p2 pl p0 A(%) wp(cm) TL
1 0133 0,004 0,032 0,066 1,460 0,060 |-0,05 - 0,16 3,27 0,04 3,919 0,79 2,979 0,068 0,002 0,016 0,079 2,160 0,070 0,031 - 0,28 3,77 0,01 4,370 0,77 3,136
2 0,196 0,005 0,047 0,261 0,764 0,307 1,05 - 811 2424 -0,67 19,445 0,78 5,545 0,063 0,002 0,015 0,164 2,030 0,145 0,065 - 1,20 742 0,12 7,644 0,86 3,593
3 0127 0003 0030 0264 1,822 0235 | 018 - 246 12,02 -024 11,644 | 097 4356 | 0,097 0,003 0,023 0,255 1,980 0,226 0170 - 2,29 11,51 0,23 11,218 0,91 4,397
4 0,086 0,002 0,021 0,121 2,633 0,107 002 - 0,72 555 -0,06 5,975 1,00 4,089 0,113 0,003 0,027 0,186 1,692 0,166 0,092 - 1,48 8,48 0,15 8,564 1,03 4,143
5 0,161 0,004 0,039 0,208 1,273 0,193 014 - 197 10,03 -0,17 9,845 1,07 5,465 0,078 0,002 0,019 0,281 2,162 0,249 0201 - 2,62 12,72 0,27 12,274 1,12 4,932
6 0,205 0,006 0,049 0,186 1,369 0,170 0,10 - 1,59 875 -014 8,773 1,06 4,343 0,098 0,003 0,023 0,270 2,000 0,240 0,189 - 2,50 12,24 0,25 11,848 1,29 5,059
7 0,096 0,003 0,023 0,330 2,461 0,293 026 - 3,26 1501 -0,32 14,253 1,20 6,737 0,059 0,002 0,014 0,331 3,198 0,296 0259 - 3,24 15,07 0,33 14,350 1,17 5313
8 0,168 0,005 0,040 0,545 3,817 0,493 061 - 685 26,63 -0,54 23,848 1,39 6,834 0,111 0,003 0,027 0,318 2,873 0,284 0,243 - 3,07 14,43 0,32 13,783 1,23 5,473
9 0142 0004 0034 0277 1291 0256 | 025 - 308 13,69 -026 12,879 | 1,45 5444 | 0,049 0,001 0,012 0,287 2,594 0,255 0,205 - 2,66 12,93 0,28 12,487 1,36 5,227
10 0,141 0,004 0,034 0,315 2,248 0,279 024 - 3,08 1431 -030 13,640 132 4,958 0,063 0,002 0,015 0,182 3,452 0,163 0,088 - 1,40 8,26 0,16 8,413 132 4,042
11 0,113 0,003 0,027 0,144 1,367 0,132 005 - 1,06 6,80 -0,09 7,064 1,06 3,871 0,050 0,001 0,012 0,157 2,405 0,139 0,058 - 1,11 7,10 0,11 7,367 1,05 3,649
12 0,077 0,002 0,019 0,072 2,193 0,063 |-0,04 - 0,20 3,44 0,03 4,067 0,94 2,986 0,128 0,003 0,031 0,115 2,037 0,102 0,011 - 0,66 531 0,05 5,756 0,87 3,32

P1: Jan., 1st 2005 -Dec., 31th 2012 0,195

P2: Jan., 1st 2013 -Dec., 31th 2015

1442



