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ABSTRACT: 
AERONET sunphotometer measurements performed at the Physics Department of 
Lecce’s University (Italy) (40° 20’ N, 18° 06’ E) are used to characterize aerosol 
properties by aerosol optical depths (AOD), single scattering albedos (SSA),  
Angstrom coefficients (Å), and fine (Nf) and coarse (Nc) number of particles per 
cross section of the atmospheric column. AOD, SSA, Å, and Nf/Nc temporal plots 
reveal that aerosol load, particle size distribution and chemical composition depend 
on seasons and lead to assume that higher aerosol loads with a predominant 
contribution of small, absorbing particles dominate over south-east Italy in spring-
summer. 
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1.- Introduction. 

  
Atmospheric aerosols perturb the Earth radiative 

budget and are considered as an important climate 
factor1,2. As a consequence, the study of atmospheric 
aerosol changes for different regions represents one 
of the main goals of the Global Atmospheric Watch 
(GAW) program. Good samplings of the aerosol 
characteristics in worldwide locations are then 
required. This paper attempt to contribute to this 
objective providing results on aerosol parameters 
retrieved from sunphotometer measurements 
performed at the Physics Department of Lecce’s 
University (40º 20’ N, 18º 6’ E) from March 18th, 
2003 to March 27th, 2004. Lecce is located on a flat, 
rural area of south-east of Italy, which is 
approximately 15 and 25 km from the Adriatic and 
Ionic Seas, respectively, and approximately 800 km 
from the northern Africa coasts. Then, aerosols from 
different source regions may converge at Lecce: 
anthropogenic aerosols and seasonal biomass 
burning from Central and Eastern Europe3,4, 
maritime and long-range transported polluted air 
masses from the Atlantic Ocean5, mineral dust from 
North Africa6, and sea spray from the Mediterranean 
sea itself. Sunphotometer measurements are 
performed at Lecce in the framework of the Aerosol 
Robotic Network (AERONET) that is made of more 
than 180 identical, globally-distributed, ground-
based, automated radiometers7. The goal of 
AERONET is to assess aerosol optical properties 
and validate satellite retrievals of aerosol optical 
parameters. To this end, the network imposes 
standardization of instruments, calibration, and 
processing.  

    Temporal plots of aerosol parameters as 
optical depths, size distributions, refractive 
indices, single scattering albedos, and Angstrom 
coefficients are provided in the paper to 
characterize aerosol properties over south-east 
Italy. These parameters are needed to incorporate 
aerosol particles into global climate models and 

evaluate climate forcing effects produced by 
aerosols of different origin and composition.  
Experimental findings and discussion are given in 
Section 2. Summary and conclusion are in Section 
3. 
 

2.- Results and discussion. 
  
 The Cimel sun/sky radiometer operating at 
Lecce measures direct sun radiance at eight spectral 
channels: 340, 380, 440, 500, 670, 870, 940 and 
1020 nm, and diffuse sky radiances in the solar 
almucantar at four wavelengths: 441, 673, 873 and 
1022 nm. A flexible inversion algorithm8,9 is used to 
retrieve columnar aerosol volume size distributions, 
real and imaginary refractive indices (n and k), and 
SSAs from direct-sun and diffuse-sky radiance 
measurements. Daily averaged values of cloud 
screened retrievals (level 1.5) from sun/sky 
radiometer measurements performed from March 
18th, 2003 to March 27th, 2004, are used in this study 
to characterize aerosol properties over south-east 
Italy. 

Figures 1a-c show temporal plots of daily-
averaged aerosol optical depths (open dots) at 340, 
441, and 1022 nm, respectively. Full dots in Figs. 1a-
c represent fifteen-day averaged values and error bars 
represent ±1 standard deviation. Figure 1a reveals 
that AOD daily-values vary from 0.08 to 1.1 at 340 
nm, whereas most of the data are lower than 0.2 at 
1022 nm (Fig. 1c). These results show that the 
aerosol screening effects on the incoming solar 
radiation are quite large in the UV spectral region and 
reduce significantly in the infrared spectral region. 
Figure 1 also shows that the AOD seasonal trend is 
quite significant at 340 nm and reduces at larger 
wavelengths. We observe from Fig.1a that AOD 
fifteen-averaged values are larger than 0.4 from May 
to the end of August, whereas they are not larger than 
0.3 from October to December 2003. The larger 
AOD values observed in spring and summer times 
may be due to a larger concentration of aerosol 
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particles and/or to a larger concentration of aerosol 
particles characterized by higher scattering and 
absorption coefficients. In fact, AODs depend on the 
vertical profile of the aerosol extinction coefficient 
that is made of two parts: the scattering and the 
absorption component.  
 

1.2

1.0

0.8

0.6

0.4

0.2

0.0

A
O

D
 (3

40
 n

m
)

01/05 01/07 01/09 01/11 01/01 01/03

(a)

1.2

0.8

0.4

0.0

A
O

D
 (4

41
nm

)

01/05 01/07 01/09 01/11 01/01 01/03

(b)

1.2

0.8

0.4

0.0

A
O

D
 (1

02
2 

nm
)

01/05 01/07 01/09 01/11 01/01 01/03

day/month

(c)

 
 
Figure 1.- Temporal plots of AOD values at (a) 340 nm, 
(b) 441 nm, and (c) 1022 nm. Open and full dots represent 
daily and fifteen-day averaged values. Error bars represent 
±1 standard deviation. 

 
Real n and imaginary k refractive index values 

depend on the chemical properties of aerosol particles 
and as a consequence, n and k temporal plots can 
provide a first insight in the relationship between 
aerosol properties and seasons. It is worth mentioning 
that n and k can span the range 1.33-1.60 and 0.0005-
0.5, respectively, in accordance to the AERONET 
inversion code8. Figure 2a and 2b show temporal 
plots of real and imaginary refractive indices at 441 
nm, respectively, and clearly reveal that averaged n 
and k values depend on seasons. Figure 2a shows that 
daily averaged n values span the range 1.33-1.60 
while, fifteen-day averaged values span the range 
1.40-1.47 in spring-summer and the range 1.43-1.53 
in autumn-winter. The scattering efficiency increases 
with the real refractive index accordingly to the 
electromagnetic theory10, and as a consequence, Fig. 
2a may lead to assume that the aerosol particle 
contribution to the scattering component of the 

extinction coefficient is larger in autumn winter. On 
the contrary, Fig. 2b shows that k takes larger values 
in spring-summer. Indeed, the imaginary refractive 
index takes fifteen-averaged values lower than 0.003 
from November, 2003 to February, 2004 and larger 
than 0.006 from June to August, 2003. The latter 
result leads to assume that more absorbing particles 
dominate in spring-summer at Lecce. Then, the 
aerosol particle contribution to the absorption 
component of the extinction coefficient is expected to 
be larger in spring-summer. In fact, the temporal plot 
of Fig. 2c shows that the single scattering albedo at 
441 nm takes fifteen averaged values in the range 
0.93-0.94 from May to August, 2003 whereas, it 
takes values that span the range 0.97-0.98 from 
November 2003 to February 2004.  
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Figure 2.- Temporal plots at 441nm of the (a) real 
refractive index, (b) imaginary refractive index  and (c) 
single scattering albedo. Open and full dots represent daily 
and fifteen-day averaged values. Error bars represent ±1 
standard deviation. 
 
     The autumn-winter SSA values are representative 
of almost non-absorbing aerosols such as clean 
maritime aerosols consisting of sea-salt and water-
soluble particles11. The rather low values 
characterizing aerosol optical depths (Fig. 1a) and 
imaginary refractive indices (Fig. 2b) in autumn-
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winter, further more support the latter conclusion. 
Spring-summer SSA values are instead close to the 
values of urban/industrial aerosols9, 11. We believe 
that anthropogenic aerosols from Central and 
Eastern Europe, long-range transported polluted air 
masses from the Atlantic Ocean and mineral aerosol 
from North Africa are responsible of the high SSA 
and AOD values revealed by Figs. 2c and 1a, 
respectively, in summer. Aerosol of different origin 
and type can superimpose and combine in summer 
over the Mediterranean basin4, when wet removal is 
practically absent and photochemical reactions are 
favoured by the large amount of solar radiation 
reaching the earth’s surface. It is also worth 
observing from Fig. 2c that only seven days from 
March 2003 to March 2004, are characterized by 
SSA daily averaged values lower than 0.92 and that 
only two days: June 26th and 27th, 2003 are 
characterized by SSA values equal to 0.86. SSA 
values lower than 0.9 are typical of high polluted 
industrial-urban sites or may be due to biomass 
burning. 
    The ratio of fine and coarse number of particles 
per cross section of the atmospheric column Nf(cm-2) 
and Nc(cm-2), respectively, is used to provide a first 
insight in the relationship between aerosol size 
distribution and seasons. Figure 3 shows the 
temporal plot of Nf/Nc and it is worth observing that 
the fine mode particles dominate along the year and 
mainly in summer when the ratio Nf/Nc  takes 
fifteen-day averaged values larger than 2000. The 
Nf/Nc temporal plot shows a pattern similar to the 
AOD pattern at 441 nm and may indicate that large 
AOD values are mainly due to the formation of sub-
micron aerosol in the accumulation mode, such as 
the ammonium salts of sulphate and nitrate12.  
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Figure 3.- Temporal plot of the ratio of fine and coarse 
number of particles per cross section of the atmospheric 
column Nf(cm-2) and Nc(cm-2), respectively (open dots). 
Full dots represent fifteen-day averaged values. Error bars 
represent ±1 standard deviation 
 
    The daily-averaged value temporal plot of the 
Angstrom coefficient (open dots) calculated from 
AOD values at 340 and 440 nm is shown in Fig. 4 
and further more supports the above conclusion. 
Figure 4 shows that the Angstrom coefficient 
fifteen-day averaged values (full dots) are larger than 
1.2 along the year and in particular take values 
larger than 1.4 from June to October, 2003. 

Continental polluted air masses13 containing 
insoluble particles, water-soluble particles such as 
sulphate and nitrate aerosols, and soot are generally 
characterized by Å values that span the range 1.13-
1.4. Then, Fig. 4 further more leads to assume that 
continental polluted air masses dominated over 
Lecce in summer.  
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Figure 4.-   Temporal plot of the Angstrom coefficient 
daily-averaged values (open dots) calculated from AOD 
values at 340 and 440 nm. Full dots represent fifteen-day 
averaged values. Error bars represent ±1 standard 
deviation. 
 
 3. Summary and conclusion 
 
     Temporal plots of daily-averaged aerosol 
parameters retrieved from AERONET sun 
photometer measurements are provided in the 
paper to characterize aerosol properties over south-
east Italy. It is shown that aerosol optical depths, 
size distributions, refractive indices, single 
scattering albedos, and Angstrom coefficients are 
all characterized by a significant seasonal trend 
leading to assume that higher aerosol loads with a 
predominant contribution of small, absorbing 
particles dominate over south-east Italy in spring-
summer. We believe that the seasonal variability of 
the aerosol optical properties is mainly related to 
the seasonal characteristics of the production, 
transport and removal processes of aerosols. In 
fact, the aerosol wet removal is practically absent 
over the south east Mediterranean basin in summer 
and as a consequence, the impact of continental 
polluted air masses13 containing insoluble particles, 
water-soluble particles such as sulphate and nitrate 
aerosols, and soot is expected to be larger.  
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