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The dependence of aerosol optical depth on wavelength as well as the fit of the humidity,
temperature, and pressure approximation has been investigated under air mass at location
Biskra city of Algeria. The study is based on spectral data acquired with both spectral
wavelength: 550 and 1250 nm. Under clear conditions, aerosols are the main
atmospheric components responsible for direct effects on solar radiation. Measurements
of aerosol optical properties along with simultaneous measurements of global solar
irradiances were recorded at an urban site (Biskra, Algeria) to characterize the radiative
effect of atmospheric aerosols from January to December 2013. This relationship
constitutes an alternative tool for estimating AOD from routine irradiance measurements
available from numerous radiometric stations worldwide. The results of the proposed
model were compared with the experimental data and there was an excellent correlation
between the results obtained. We conclude in this study with a good result between
measurement data and prediction which done a perfect approximation with a great

convergent.

1. INTRODUCTION

Aerosols play important role in the balance of the Earth’s
climate. Due to the increasing anthropogenic emission of
aerosols since the industrial revolution, they can also effect
the global climate change. However, the effects of aerosols
on climate are not one-way, moreover excessively uncertain.
The climate forcing by aerosols can be realized in two ways,
basically: in direct and indirect radiative forcing. As the
direct solar radiation passes through the atmosphere, it is
attenuated by two main physical processes: scattering
(angular redistribution of energy) and absorption (conversion
of energy into either heat or photochemical change). Both
effects are known to be wavelength dependent [1].
Atmospheric aerosols affect the earth’s radiation budget
directly by scattering and absorbing solar and terrestrial
radiation, and indirectly by modifying the physical and
radiative properties of clouds [2].

Meteorological surface observations constitute a potential
source of information on the past atmospheric aerosol load.
Wang et al. [3], for example, used visibility observations as a
proxy for studying the evolution of the aerosol optical depth
(AOD) over land since 1973, while Ohvril et al. [4] used
measurements of the direct solar radiation at various stations
in Russia, Ukraine, and Estonia for estimating the
atmospheric transparency, a quantity that can be translated
into AOD. The oldest data included in the study by Ohvril et
al. [4] date back to 1906. Unfortunately, such data exist only
for few selected stations. Atmospheric aerosols influence the
Earth’s climate by modifying its energy balance through the
direct, indirect and semi-direct effects. However, the
uncertainty of aerosol effects on the Earth’s radiation budget
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greatly exceeds that of any other climate forcing agent [5, 6].
This is due to the fact that the aerosol physical, chemical and
optical properties are highly. Some researchers have used the
solar irradiation as source energy of solar collector. Therefore,
it can be concluded that solar irradiation has a great effect on
the thermal efficiency of solar collectors [7-16].

With the rapid development of global economy, the
challenges for environment and energy are more and more
severe. Concentrating solar power, more commonly referred
to as CSP [17-20], is unique among solar energy generators.

Some study interested to investigate the possibility of
using coupled meteorology—aerosol data assimilation (DA) to
improve the forecast of a dust storm, and interfaced a coupled
meteorology—chemistry model (WRF-Chem) with a hybrid
variational-ensemble DA system. The results indicate that
meteorological observations can partially contribute to the
change of aerosol initial conditions and vice versa, implying
a cross-component impact of observations, and hence
improving the utility of observations in coupled DA [21].
Other researchers have presented study focuses on the
application of stochastic modeling technique in analyzing the
future trends of aerosol optical properties. The stochastic
behavior of Terra-MODIS AODS550 nm data over mega city
New Delhi [22]. The Bristow-Campbell model has also been
improved by considering the factors influencing the incoming
solar radiation, such as relative humidity, cloud cover, etc.
The authors indicate that there are large differences in model
accuracies for each model at different stations, the ANN
models can estimate daily Hg with satisfactory accuracy at
most stations in different climate zones, and MLP and RBNN
models provide better accuracy than the GRNN and IBC
models, for example, the MAE and RMSE values range 1.53-
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2.29 and 1.94-3.27 MJ m? day’!, respectively for MLP model
[23].

Some results validated by MODIS-Terra versus the
Acrosol Robotic Network AODS550 revealed that the former
underestimated aerosol loading over the studied regions due
to uncertainties in surface reflectance. The spatial seasonal
distributions of mean AODS550 suggested high values during
the local dry periods. Furthermore, latitudinal and
longitudinal gradients in AODS550 showed a southern low
and northern high and a western low and eastern high profile,
respectively during JJA, as other seasons showed
heterogeneous variations [24].

In the above literatures, the effect of the aerosol on the
solar radiation for different meteorological conditions is
limited and difficult. In this paper, the performance of AOD
in many meteorological conditions (i.e., clear day, Humidity,
and Temperature, Rainfall and air pressure) has been
investigated. The main idea of this paper is: Firstly, the
AODs for two wavelengths in many meteorological
conditions have been experimented based on the site located
in Biskra, Algeria; Secondly, global solar radiation have been
calculated according to AODs, and the aim is to obtain
relationship between all meteorological conditions.

2. METHODOLOGY
2.1 Aerosol optical depth

Aecrosol optical depth is a determine of the extinction of
the solar beam by dust and haze. In other words, particles in
the atmosphere (dust, smoke, pollution) can block sunlight by
absorbing or by scattering light. AOD tells us how much
direct sunlight is prevented from reaching the ground by
these aerosol particles. It is a dimensionless number that is
related to the amount of aerosol in the vertical column of
atmosphere over the observation location.

A value of 0.01 corresponds to an extremely clean
atmosphere, and a value of 0.4 would correspond to a very
hazy condition. An average aerosol optical depth for the
Biskra in all month is 0.08 to 0.4.

2.2 Calculating aerosol optical thickness

The intensity / of a narrow beam of sunlight of a particular

wavelength that reaches Earth's surface is given by
I =1,xexp(Axm) 1)

where, lo is the intensity of sunlight just above Earth's

atmosphere, (A) is the total atmospheric optical thickness,

and m is the relative air mass. m=1 when the sun is directly

overhead and is otherwise approximately equal to sec (z),
where z is the solar zenith angle [25].

2.3 Prediction of aerosol optical depth

The variation of an aerosol optical depth corresponding to
urban of Biskra is taking according to global solar irradiation
for all month of the year and then trying to fit the global solar
irradiation on the horizontal area as function to aerosol
optical depth in a both spectral wave 550 nm and 1250 nm.

About the climate of Biskra is changing according to
meteorology, so we try to fitting the aerosol optical depth by
the temperature, humidity, pressure, wind speed and rainfall;
when find the perfect function automatically select the
constants of parameters which determinate according the
influence of phenomena; in this article we can choose the
power function.

(AOD,,, AOD,,,, )= ax BCAOD,, x DUAOD £, x
OMAOD{,, xSSAOD{, x
SUAOD,,

2

Table 1 shows the constants of the aerosol optical depth by
spectral wavelength 550 and 1240 nm it’s determined
according to components of the total aerosol optical depth of
the black carbon, dust, organic matter, sea salt, and sulfate.

Residual squar for AODsso and AODj249 same to 0.9839
and 0.9916, respectively.

(AOD,,,, AOD,, )= 8, xT" x Hr x P% xW*® x Ra (3)
Residual squar for AODsso and AODj249 same to 0.8064
and 0.7665, respectively.

3. RESULTS AND DISCUSSION

Figure 1 shows the variation of the aerosol optical depth as
a function to the number of the month, the evolution
according to three curves for each curves represents the total
aerosol optical depth corresponding to both wavelength 550
nm and 1240 nm, and the last curves is aerosol optical depth
of dust in the site of Biskra. We can see that the AOD of 550
nm take a maximum value of the AOD 1240nm. The
minimum value is registering in January and December,
increasing upward to reach in the month of June and July.
The variation of AOD is a same variation of solar radiation in
all month.

The aerosol optical depth of Sulfate in the wavelength 550
nm take a maximum value versus to Black carbon, organic
matter and sea salt see Figure 2. We observed that the aerosol
optical depth of sea salt takes a maximum value between
January and March and then decrease to last month
December. In February the both AOD of sea salt and Sulfate
take a similar same value as in March. The AOD of Black
carbon it’s varying according the variation of solar radiation
and it is too a less value of other aerosols optical depth, and
about AOD of organic matter it is taking a maximum value in
July and a minimum in November.

Table 1. The constants of the aerosol optical depth corresponding to wavelength 550 and 1240 nm

Aerosol optical depth a

b

C d e f

AODsso
AOD1240

1.392 0.153 0.615
0.632 0.119 0.881

-0.0501 0.0575 -0.084
-0.179  0.119  -0.265
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Figure 1. Total aerosols Optical Depth of AOD (550 and
1240nm) and Dust AOD (550 nm)
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Figure 2. Aerosols Optical Depth of AOD (550 nm), Black
Carbon, Organic Matter, sea salt and sulfate

The curves of the Figure 3 show the variation of both
parameters temperature and relative humidity as a function to
number of month. We can see the dependability of
temperature and relative humidity with inverse variation; the
temperature air take a minimum value in the first month
January and December and then in a maximum value in July
on the other hand the relative humidity it’s varying to inverse
a minimum in July and a maximum in January and December.
The temperature and relative humidity in July T= 306.65 K
and Hr = 24.4%, respectively, in this point the total acrosols
optical depth AOD550 = 0.3635 and AOD1240 = 0.291,
when the global solar radiation G= 1006 W/m? in 12h00. We
can be selected the relative humidity and ambient
temperature by Eqns. (4) and (5) which as function to number
of the months.

Hr =71.51-13.89x N, +1.0757x N2 R==0.953

“

T =269.65+9.63xN,_ —-0.696xN2 R==0.857

6))

The wind blows because of differences in air pressure
from one location to another. Wind blows from areas of high
pressure toward areas of low pressure see Figure 4. If the
high pressure area is very close to the low pressure area, or if
the pressure difference is very great, the wind can blow very

fast. About this difference is result another influence in

the

aerosol optical depth by the transport from point to another
point, we can said that the air pressure has a big role in this
effect. So we wanted to make our prediction of aerosol
optical depth linked to the weather see Eq. (3) and Table 2

and the pressure correlation according to Eq. (6).

P =1008-6.54N,, +0.12N2 +0.3IN? — 0.045N +
0.0018N° R==0.81
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Figure 3. Ambient temperature and relative humidity of air

in Biksra
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Figure 4. Wind speed and pressure of air in Biskra

Wind speed (m/s)

Table 2. The constants of the aerosol optical depth corresponding to wavelength 550 and 1240 nm according to temperature,
humidity, pressure and rainfall

Aerosol optical depth a1 b1 C1 d1 e1 f1
AODss0 OI'ES_? 0.218 -1.649 2254 0.1  0.0543
AOD1250 0.00164 -3.391 -2.13 4544 0.233 0.0522
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Figure 5. Wind speed and pressure of air in Biskra
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Figure 6. Wind speed and pressure of air in Biskra

Figures 5 and 6 represent changes in aerosol optical depth
for the wavelength of 550 and 1240 um in terms of the
number of months per year. We studied the comparison of
measured values and predictions of two types for climate and
the second for weather. We observed that the curve of the
aerosol optical depth both in wavelengths in 550 and 1240
are identical with the curve for atmosphere forecasting and
are close to that of the meteorelogy curve.

4. CONCLUSION

The researchers today need to predict some parameters
before they do the experimental study, such as the simulation
or numerical modeling some physic phenomena. So in this
points trying to create a good approximate of aerosols optical
depth with perfect relationship between many parameters
such as weather climate and some components of pollution in
the atmosphere like.

We conclude in this study with a good result between
measurement data and prediction which done a perfect
approximation with a great convergent.

Finally, we made us the aerosols optical depth varying
between many parameters; such as temperature, relative
humidity, wind speed, air pressure, and rainfall and aerosols
optical depth. AODs increases with decreasing wavelength
for all meteorological conditions.
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NOMENCLATURE

BCAOD Black Carbon of aerosol optical depth

OMAOD Organic Matter of aerosol optical depth

DUAOD Duct of aerosol optical depth

SSAOD sea salt of aerosol optical depth

SUAOD sulfate of aerosol optical depth

o intensity of sunlight just above Earth's

atmosphere (W/m3

A total atmospheric optical thickness

m relative air mass

intensity of a narrow beam of sunlight of a
| particular wavelength that reaches Earth's
surface (W/m=

a, b, ¢, d, e constants according to predicted model

and f corresponding to atmospheric parameters

a1, bi, c1, di, constants according to predicted model

erand f; corresponding to meteorology parameters

T ambient temperature (K)

Hr relative humidity (%)

P pressure (hPa)

" Wind speed (m/s)

Ra rainfall (mm)

Nm nomber of the month

R=2 residual square





