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Abstract Our calculation program based on the Iqbal formula integrates the solar
irradiance during all the hours of the day, taking into account the position of the sun,
the latitude of the studied site and total optical thicknesses (TOT) extracted from
the AErosol RObotic NETwork database AERONET, to find the attenuation of the
solar irradiance by the atmosphere. The cloudless atmosphere reduces the incident
solar irradiance in the equatorial zone, characterized by a more regular meteorology,
by about 30%. In temperate zones, the attenuation is variable, up to 50% in regions
subject to desert dust and anthropogenic emissions (Delhi case).We can also observe
weak attenuations of about 22% due to the low aerosol load (La_Laguna case).

Keywords Aerosol optical thickness · Size distribution · Sun photometer ·
Atmospheric attenuation

1 Introduction

The use of incident solar energy on the surface of a given site requires the precise
determination of the amount of annual radiation that actually reaches it after penetra-
tion of the corresponding atmospheric column. The introduction of the total optical
thickness of the seasonal cycle in the absence of clouds makes it possible to obtain
an accurate estimate of this solar radiation.

The sun is the basis of all energies. It produces the necessary heat and light for
the life of beings on Earth. Due to the high energy demand, it is necessary to study
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Table 1 Site characteristics
[5]

Site Latitude Longitude Altitude (m)

ICIP-Mbita 0,43S 34,20E 1152

Singapore 1,29N 103,78E 30

New Delhi 28,63N 77,17E 240

La_Laguna 28,48N 16,32O 568

all aspects of the exploitation of the solar radiation, in particular, the study of the
atmosphere and its effects, and thus the choice of a suitable place for the realiza-
tion of solar farms to anticipate and avoid natural or industrial constraints. Models
have been created to predict solar radiations on Earth’s surface [1]. However, they
remain approximate, with much uncertainty because each zone has its meteorolog-
ical and particle characteristics, which makes the components and concentrations of
the atmosphere different.

Total Solar Irradiance (TSI) is affected by the 11-year solar cycle. Using satellite
measurements, Gueymard synthesizes 42 years of TSIs to obtain the mean value
of the solar constant of radiation equal to 1361 W/m2 [2], which is adopted by the
International Astronomical Union (IAU) [3]. In Delhi, between April and June 2003,
there was an abundance of desert aerosols where the Aerosol Optical Depth AOD at
500 nm was 1.17 ± 0.65 [4].

2 Site and Materials

The optical thickness (TOT) used is measured by the solar photometers that exist
in the AERONET database [5], which also allow the determination of the particle
size distribution [6]. TOT(λ) is the sum of the contributions of Rayleigh interactions
τRay, aerosols τaer and gas τgaz (Table 1):

TOT(λ) = τRay(λ) + τaer(λ) + τgaz(λ) (1)

From Fig. 1, we find that the two equatorial sites are characterized by an identical
seasonal TOT of around 0.6, as for the different sites of the temperate zone, TOT
values are low for La_Laguna—because human activities are few and the site is very
far from the sources of industrial pollution—and high for New_Delhi due to human
activity emissions and desert aerosols.

3 Solar Irradiance

The Solar irradiance on the Earth’s surface is related to the geographical latitude
ϕ, the eccentricity factor of the earth’s orbit E0, the solar declination δ, the solar
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Fig. 1 Monthly variation of TOT at 0.5 μm

constant Isc, and the hour angle of the sunrise ωs [7]; the extraterrestrial irradiance
on a horizontal surface during the day from sunrise to sunset is given by the formula:

I0 = (24/π)IscE0 cosϕ cos δ[sinωs − ωs cosωs] (2)

3.1 Atmospheric Attenuation of Solar Irradiance

Due to aerosol extinction, molecular scattering (or Rayleigh) and gas absorption,
solar irradiance is attenuated. This attenuation may be expressed with the Bouguer
law on the wavelength λ by

I (λ) = I0(λ). exp[−mair.TOT(λ)] (3)

where mair is the relative air mass expressed by [8].
To determine the monthly attenuation of solar irradiance by the atmosphere, we

calculate the solar irradiance at the top of atmosphere I0 and we insert the TOT to
obtain the atmospheric attenuation (TE) Fig. 2.

For Singapore, the attenuation by the atmosphere remains almost constant. For
ICIP_Mbita, there is more attenuation during spring and summer. La_Laguna regis-
ters high attenuation during August and July. The influence of urban aerosols
produced by the unceasing Human activities in New Delhi makes the atmospheric
attenuation of the solar irradiance very large.
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Fig. 2 Monthly solar irradiance at the top of atmosphere (TA) and with total extinction (TE)

4 Aerosol Particle Size Distribution

The monthly average of the aerosol particle size distribution (Fig. 3) shows low
volumes for both fine and coarse modes, throughout the year, for ICIP_Mbita and
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Fig. 3 Monthly average of aerosol particle size distributions
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Singapore. La_Laguna registers a noticeable rise in particle concentration for the
coarse mode during August, and very low for the fine mode. For New_Delhi, the
concentrations are high for both modes, especially the coarse mode from April to
August.

5 Conclusions

The monthly solar radiation in the equatorial region is almost constant, while in
the temperate zone, the atmospheric attenuation is stronger in summer and autumn
because of the desert aerosol. The highest attenuation of about 50% is recorded in
Delhi, where the desert aerosol is combined with the urban one, attributed to human
activity.
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