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INTRODUCTION 
  

The atmospheric aerosol consists of solid and liquid particles 

suspended in the atmosphere and have direct and indirect 

impacts on climate. The direct influence of aerosols on climate 

is the ability to absorb or reflect solar radiation, which 

depends on the chemical properties and particle size, resulting 

in a heating or cooling of the atmosphere. The indirect effects 

of aerosols refer to their ability to act as cloud condensation 

nuclei, changing the properties of clouds (Seinfeld and Pandis, 

1998). 

 

The southern region of Brazil, besides the aerosols emitted 

locally by natural and anthropogenic sources, suffers from the 

advection of pollutants originated at the major regions of 

aerosol production (e.g. the Amazon region, central and 

southeastern Brazil) due to the circulation present in the 

region (e.g. Freitas et al., 2006) (figure 1). This causes an 

impact on both the quantity of aerosols in the region and in 

the net radiation at the surface. 

 

Some preliminary studies in the project scope using data from 

the MODIS sensor have shown the influence and impact of 

some types of aerosols in the atmosphere of southern Brazil, 

highlighting burning aerosols and volcanic ash resulting from 

the eruption of Puyehue, Chile, in June 2011. 

 

One way to study and evaluate the impacts induced by the 

aerosols is to analyze its vertical distribution and impact of 

their presence through variables such as aerosol optical depth 

(AOD), in addition to the backscatter and absorption 

coefficients as used in a series of recent studies for the state of 

São Paulo (Landulfo et al., 2010, Mariano et al., 2010a and 

Mariano et al., 2010b). 

 

Therefore, it is necessary to deepen the knowledge of the 

impacts that aerosols originating from local sources and 

advected from other regions in the Southern Brazil have in the 

local atmosphere, in order to understand its influence on solar 

radiation and consequent improvement of meteorological 

models. 

 

 

METHOD AND RESULTS 

 
MODIS sensor 

 

The MODIS sensor is onboard the polar orbiting satellites 

Terra and Aqua launched in 1999 and 2002, respectively. The 

sensor was the first designed to obtain global observations of 

aerosols with moderate resolution (between 250m and 1000m 

depending on the wavelength used). 
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Figure 1.  Aerosol type and study area 

 

 

General and operational characteristics of the sensor can be 

found at Barnes et al. (1998). It is noteworthy that the same 

has 36 spectral bands between 0.4 and 14.5 µm, allowing the 

generation of several products related to aerosol optical depth 

over the ocean and land with a resolution of 10x10 km (at 

nadir), and to the size distribution and type of aerosol over the 

continent. 

 

CALIOP sensor 

 

The satellite Cloud-Aerosol Lidar and Infrared Pathfinder 

Satellite Observations (CALIPSO) has an on-board LIDAR 

system operating at two wavelengths (1064 and 532nm), 

called the Cloud-Aerosol LIDAR with Orthogonal 

Polarization (CALIOP). The spatial resolution of the sensor 

depends on the altitude – from the surface to 8.2 km the 

horizontal resolution is 333 m and 30 m vertically, while 

between 8.2 and 20.2 km is 1000 m and 60 m, horizontal and 

vertical resolution, respectively. 

 

DATA AND STUDY REGION 

 

The data used will be from MODIS (TERRA and AQUA 

satellites) and the CALIOP sensor (CALIPSO satellite) in the 

period from 2007 to 2010, to analyze the impact of different 

types of aerosol in the optical depth and backscatter and 

absorption coefficients. 

 

The MODIS sensor data analyzed in the project consists of the 

product aerosol level 2 and 3, respectively MOD04 and 

MOD08. These two levels of data are generated globally every 

day, offering several properties related to aerosols such as 

optical depth over ocean/continent and Angstrom exponent 

over land. The data spatial resolution is 10x10 km (at nadir) 

for products of level 2 and 1.0 º for level 3. 

 

Concerning the vertical profile of aerosols and some of its 

optical properties, data from the CALIOP sensor in the so 

called level 1B and level 2, that provide information of the 

perpendicular and total backscattering attenuated coefficient at 

532 nm and 1064nm, and the extinction coefficient at 532 and 

1064 nm and values of Lidar Ratio, will be used. 

 

It is intended to also use the information obtained by the 

CALIOP sensor on the observed particle type (also called 

vertical mask), and aerosol subtype. To obtain the synoptic 

patterns that cause the transport of aerosols of known major 

sources such as the Amazon Region, Midwest and Southeast 

regions of Brazil to the Southern Region, the final analysis 

(FNL) of the National Centers for Environmental Prediction 

(NCEP) for the same period mentioned above will be used. 

These analyses have spatial and temporal resolutions of 1x1 

degrees and 6 h, respectively, and 26 vertical levels. 

 

Initially, it is intended to separate, by seasons, the optical 

depth obtained in four different groups for the study area, as 

shown in Table 1. Thus, 100% refers to the maximum AOD 

found during the study period, in southern Brazil (black area 

at Figure 01). 

 

Table 1. Characterization of the atmosphere according to the 

values of the maximum aerosol optical depth (2007-2010) at 

550nm 

 

Atmospheric 

characterization  

Optical Depth at 550nm 

Very clear atmosphere < 20% 

Clear atmosphere 20% ≤ AOD < 50% 

Polluted atmosphere  50% ≤ AOD < 80% 

Very polluted atmosphere  ≥ 80% 

 

 

RESULTS 

 

A preliminary analysis of the aerosol optical depth in the 

years 2009 and 2010 for São Paulo, Pelotas, Chuí and Foz do 

Iguaçu can be seen in Figure 2. Note an increase of the 

values during the winter of the region in both 

years. Possibly, this increase is due to the entrance of burning 

plumes that occurred in central Brazil and at the Amazon. It 

was noticed that the maximum values found during the study 

period was: 1.2 (São Paulo), 3.2 (Pelotas), 2.4 (Chuí) and 4.2 

(Foz do Iguaçu). 

 

  

(a) (b) 

  

(c) (d) 

Figure 2. Aerosol optical depth at 2009 (blue) and 2010 

(dashed red) to São Paulo(a), Pelotas (b), Chuí (c) and Foz 

do Iguaçu (d) obtained by the MODIS sensor . 
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The reason for the apparent low value of optical depth for the 

city of São Paulo may have been resultant of the choice for the 

point of extraction of values from the MODIS sensor data. 

This indicates that one should choose an area representative of 

São Paulo and then extract the maximum value of this region. 

 

Figure 3 shows three examples of types of aerosols over the 

southern region of Brazil (being better distinguished between 

latitudes 28° S and 35º S). It can be noted, over the study area, 

smoke aerosol (Figure 3a), polluted continental (Figure 3b) 

and dust and polluted dust (Figure 3c). 

 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Aerosol Subtype by CALIOP sensor for 

08/22/2010(a), 09/05/2010 (b) and 11/01/2010 (c) 
 

 

CONCLUSIONS 
 

The study area, as well as other regions that are not known 

large emitters of aerosol lack studies on the spatial-temporal 

variability of aerosols, not considering the importance of the 

advection of these aerosols from other regions. It is believed 

that this work can contribute directly to these issues, 

especially in the Southern region of Brazil due to the likely 

influence of several major known sources of aerosols: fires in 

the Amazon and the Brazilian savanna, anthropogenic aerosols 

in metropolitan areas of São Paulo, Rio de Janeiro, among 

others. 

 

The information obtained may also contribute to atmospheric 

modeling, because of the greater understanding of aerosol- 

solar radiation interaction on the region, and thus provide a 

basis for improvement of numerical models for weather 

forecasts, climate and air quality. 
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