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REZUMAT. Lucrarea prezintă rolul jucat de aerosoli in schimbările climatice globale. Datele de la fotometrul de soare 

sunt utilizate pentru a determina proprietăţile aerosolilor. Analiza sugerează dimensiunile aerosolilor, modul fin sau 

grosier. Reţeaua AERONET este una dintre cele mai dezvoltate reţelele pentru monitorizarea aerosolilor de la sol. 
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ABSTRACT. This work presents the role play from aerosol in global climate change. The data from sun photometer 

are used to determine the aerosol proprieties. The analysis suggests the aerosol sizes which can be fine or coarse mode. 

The AErosol RObotic NETwork (AERONET) is one of the most developed ground-based networks for aerosol 

monitoring. 
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1. INTRODUCTION 
 

The paper describes different types of aerosols 

and their path through the atmosphere in the 

Romanian city of Timisoara.  

Atmospheric aerosols are one of the most 

variable components of the Earth‟s atmospheric 

environment, and their influence on energy budget is 

known. [1]. Aerosols influence the climate via two 

ways: the direct effect by scattering and absorbing 

incoming solar radiation and the indirect effect 

which modify the microphysical and hence the 

radiative properties, amount and lifetime of clouds. 

Depending on composition, aerosols can absorb 

solar radiation in the atmosphere, producing further 

cooling of the surface and warming the atmosphere. 

Though the main aerosol source is natural, 

anthropogenic emissions have made aerosol levels 

increase dramatically over the past century. Aerosols 

also have been implicated in human health effects, 
visibility reduction in urban and regional areas, 

acidic deposition and altering Earth‟s radiation 

balance [2]. The impact of aerosol on climate and 

environment has been a hot issue for the 

international scientific research community [3].  

Particle size is one of the most important 

parameters for characterizing the behavior of 

aerosol. The diameters of aerosols vary from a few 

nanometers to around 100 μm. Particles with 

diameters larger than 1.0 μm are identified as the 

coarse mode. These particles are mainly produced 

by mechanical processes and are introduced directly 

into the atmosphere from both natural and 

anthropogenic sources. The most significant source 

is the bursting of bubbles in the ocean, which creates 

coarse particles of sea salt. Anthropogenic coarse 

particles are introduced into the atmosphere through 

the abrasion of machinery, on the surface of roads, 

and in industrial and agricultural processes. 

Particles with diameters between 0.1-1.0 μm are 

considered as the accumulation mode representing a 

region of particle growth mainly due to the 

coagulation of particles with diameters smaller than 
0.1 μm and from condensation of vapors onto 

existing particles, causing them to grow into this 

size range. They can also be introduced directly into 



 

 

the atmosphere, mainly through the incomplete 

combustion of wood, oil, coal, gasoline and other 

fuels. Because of the nature of their sources, 

particles in the accumulation size range generally 

contain substantial amounts of organic material as 

well as soluble inorganic such as ammonium, nitrate 

and sulfate. 

The Aitken mode particles, extending from 0.01 

to 0.1 μm diameter, are formed from ambient-

temperature gas-to-particle conversion as well as 

condensation of hot vapors during combustion 

processes. 

The final type of particles is those with diameters 

smaller than 0.01 μm and is known as ultrafine 

particles. They are thought to be generated by gas-

to-particle conversion processes that are not yet well 

understood on a molecular level. 

The accumulation and Aitken mode represents 

the fine particles. 

Aerosol parameters can be measured in situ or 

by remote sensing from ground, aircraft, or 

satellite [4]. All these methods are important and 

complementary. The application of automatic, 

ground-based remote sensing techniques to 

investigate aerosol effects on climate has 

advanced significantly in the last years [5], [6]. 

The Aerosol Robotic Network (AERONET) 

program, which is an international network founded 

in 1993 and coordinated by NASA Goddard Space 

Flight Center (http://aeronet.gsfc.nasa.gov/) and 

LOA-PHOTONS (http://www-loa.univ-

lille1.fr/photons/) that maintains more than 650 

automatic sun/sky radiometers worldwide, 

represents two of the scientific community efforts to 

reduce existing uncertainties in aerosol forcing 

estimates [7]. 

The goal of AERONET is to assess aerosol 

optical properties and provide much of the ground-

based validation data required for future remote 

sensing programs and may provide basic 

information necessary for improved assessment of 

aerosols impact on climate forcing [8]. 

 

2. DESCRIPTION AND METHODS  
 

The instrument is installed at the Mechanical 

Engineering Faculty (45.74 N; 21.22 E) and is 

connected to the federal network AERONET. 

The sun photometer is composed of an optical 

head, an electronic box and a robot (figure 1). The 

optical head has two channel systems: the sun 

collimator, without lens, and the sky collimator with 

lenses. The sun tracking is equipped with a 4- 

quadrant detector. The electronic box contains two 

microprocessors for real time operation for data 

acquisition and motion control. In automatic mode, a 

„wet sensor′ detects precipitation and forces the 

instrument to park and to protect the optics. The 

robot is moved by step-by-step motors in two 

directions: in the zenith and azimuth planes. 

The sun photometer makes two basic 

measurements, either direct sun or sky, both within 

several programmed sequences. The direct sun 

measurements are made in eight spectral bands (340, 

380, 440, 500, 670, 870, 940 and 1020 nm) requiring 

approximately 10 seconds. These interference filters 

are located in a filter wheel which is rotated by a 

direct drive stepping motor. Sky measurements are 

performed at 440 nm, 670 nm, 870 nm, and 1020 

nm. Two basic sky observation sequences are made, 

the “almucantar” and the “principal plane”.

 

 
 

Figure 1. Components of sun photometer 
The 940-nm channel is used for column water 

abundance determination. A pre-programmed 

sequence of measurements is taken by these 

instruments starting at an air mass of 7 in the 

morning and ending at an air mass of 7 in the 
evening. Optical thickness is calculated from the 

spectral extinction of direct beam radiation at each 

wavelength based on the Beer–Bouguer law. 



 

 

Attenuation due to Rayleigh scattering, 

absorption by ozone, and gaseous pollutants is 

estimated and removed to isolate the aerosol optical 

depth. A sequence of three such measurements, 

taken 30 seconds apart, creates a triplet observation 

per wavelength. During the large air mass periods 

direct Sun measurements are made at 0.25 air mass 

intervals, while at smaller air masses the interval 

between measurements is typically 15 minutes. The 

time variation of clouds is usually greater than that 

of aerosols causing an observable variation in the 

triplets that can be used to screen clouds in many 

cases. Additionally, the 15-minute interval allows 

for a longer temporal frequency check for cloud 

contamination.  

In addition to the direct solar irradiance 

measurements that are made with a field of view of 

1.2 degrees, these instruments measure the sky 

radiance in four spectral bands along the solar 

principal plane up to nine times a day and along the 

solar almucantar up to six times a day. The approach 

is to acquire aureole and sky radiances observations 

through a large range of scattering angles from the 

sun through a constant aerosol profile to retrieve size 

distribution, phase function and aerosol optical 

depth. More than eight almucantar sequences are 

made daily at an optical air mass of 4, 3, 2 and 1.7 

both morning and afternoon. Sky radiance 

measurements are inverted with the Dubovik [9] 

inversions to provide aerosol properties of size 

distribution and phase function over the particle size 

range of 0.1 to 5 μm. The robot mounted sensor 

head is parked pointed near nadir when idle to 

prevent contamination of the optical windows from 

rain and foreign particles. 

 

3. RESULTS AND DISCUSSIONS 
 

Radiative measurements (solar irradiance 

extinction, aureole brightness and sky light 

polarization) are used by the AERONET 

inversion retrieval technique to derive a wide 

variety of aerosol particle properties and 

parameters that are important for estimations of 

aerosol influences on climate change. 

Sun photometer measures the spectral 

extinction of the direct solar radiation. This is 

expressed in the Beer-Lambert-Bouguer law: 

 

           (1) 

 

where: V is the digital voltage, in V, 

 V0 - extraterrestrial voltage, in V, 

 λ – wavelength, in nm, 

 m – optical air mass, 

 d0 - the average earth–sun distance, 

expressed in astronomical units (AU), 

 d - the earth–sun distance on the day of 

observation, expressed in astronomical units (AU), 

 τt - total atmospheric optical thickness (AOT). 

 

Direct solar radiation is measured through 

filter bands with center wavelengths of λ and in 

terms of V, voltage. This signal is a function of 

the instrument‟s extraterrestrial voltage, V0, which 

expresses instrument calibration, d0 the average 

earth–sun distance, d the earth–sun distance on 

the day of observation, m is the air mass, and τt 

the total atmospheric optical depth. 

Figure 2 show the aerosol optical thickness 

(or aerosol optical depth AOD) variation in 

September 2011, within the 0 – 2. It is evident 

that AOT presents large day to day variation.  The 

maximum value of AOT was recorded on 

September 18 for small wavelengths (340, 380, 

440 and 500 nm) values that corresponds to fine 

mode. On September 13 is very small for large 

wavelengths (675, 870, 1020 and 1640 nm) values 

that corresponds to coarse mode. The aerosol life 

time is short. The aerosol always accumulates for 

a few days, and then breaks down due to a passing 

cold front or to precipitation. 

 
Figure 2. Aerosol optical thickness data from September 2011



 

 

Figure 3 presents the Spectral De-convolution 

Algorithm (SDA) data during September 2011. Fine 

mode represents the smoke and sulfate in days 18, 

21, 24, 25 and 26 September.  

The algorithmic development is given in papers of 

O'Neill [11] and [12]. This algorithm yields fine 

(sub-micron) and coarse (super-micron) aerosol 

optical depths at a standard wavelength of 500 nm. 

 

 
Figure 3. SDA aerosol optical depth data from September 2011 

 

Using sky radiance measurements the aerosol 

bimodal volume size distributions has also been 

retrieved by the AERONET for the atmosphere 

column over Timisoara site. The volume particle 

size distribution dV/dlnr (μm
3
/μm

2
) is defined as a 

bimodal lognormal function of the type: 

      (2) 

 
Where Cv,i denotes the particle volume 

concentration, rv,i is the median radius and σi is the 

standard deviation [6], [9]. 

Curves of different colors in figure 4 refer to 

different day hours. Figure 4 shows that the size 

distribution profiles retrieved for the three days 

differ significantly.  

The shape of the volume size distribution on 5 

September is a bimodal lognormal size distribution 

with a strong peak at r = 15 μm and a secondary 

peak at r = 0.1 μm. 

The shape of the volume size distribution on 18 

September is a bimodal lognormal size distribution 

with a strong peak at r = 9 μm and a secondary peak 

at r = 0.3 μm. 

The shape of the volume size distribution on 21 

September is a bimodal lognormal size distribution 

with a strong peak at r = 8 μm and a secondary peak 

at r = 0.2 μm (blue colors) and a strong peak at r = 

0.5 μm and a secondary peak at r = 15 μm (red 

colors). 

On 5 and 18 September 2011 the contribution of 

coarse mode particles is predominant and increases. 

On 21 September the fine and coarse mode are large 

for different hours and are typical of smoke and 

sulfate at morning and dust at noon. The data 

suggest a predomination of fine mode aerosol in 

atmosphere column over Timisoara during almost 

the whole of the observation period. 

          
a)        b) 



 

 

 
c) 

Figure 4.Volume size distribution profiles retrieved at (a) 5 September 2011, (b) 18 September 2011 (c) 21 September. 

Curves of different colors correspond to different hours in the day 

 

CONCLUSIONS 
 

Aerosol size is a key parameter to separate 

natural from man-made aerosol. The anthropogenic 

aerosol is dominated by fine-mode particles, while 

natural aerosol contains a substantial component of 

coarse-mode particles. The AERONET inversion 

algorithm allows retrieving volume particle size 

distributions and all particles with radius 0.06 μm ≤ 

r < 0.6 μm are considered fine, while those with 0.6 

μm ≤ r ≤ 8.8 μm are considered coarse. 

Sun photometer proves to be a very useful tool to 

distinguish between different types of aerosol 

loading in the atmosphere. 

It worth noting that SDA related to the average 

size of the aerosol particles: fine mode particles 

indicate sulfates and smoke particles, while coarse 

mode particles indicate dust. 
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