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INTRODUCTION

The atmospheric aerosol consists of solid and liquid
particles suspended in the atmosphere, studies of its physical
characteristics and chemical composition allow anticipating
possible climate changes, with ecological and long-term
consequences.?> Atmospheric aerosols resulting from the
burning of biomass, dust minerals, volcanic ashes, smoke, sea
salt, and particulate matters, stand out amongst the various
natural and anthropogenic influences. Aerosols are important
components of the Earth system® and decisively influence
global and regional climate change,*® air quality,® human
health,”*! the fauna, flora and the environment!? through
direct action and indirect radiation forcing, in addition to
directly impacting the cloud processes'® and visibility
variation.'* Aerosols have a significant impact on gas
concentration, distribution, and the hydrologic cycle of the
greenhouse effect, affecting the physical and chemical
processes occurring in the atmosphere.

Aerosol optical thickness (AOT) is the most comprehensive

variable for remote assessment of aerosol loading in the
atmosphere and is used to reflect its column loading. Recently,
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satellite remote sensing and terrestrial observations have
become widely used to monitor spatial and temporal
distributions of aerosols at both global and local scale.’>%
Satellite instruments such as Moderate Resolution Imaging
Spectroradiometer (MODIS) are used to monitor regional and
global scale aerosols and provide continuous and long-term
coverage of the territory under study.

Aerosols are closely related to a set of meteorological
variables: pressure (PRS), average temperature (TEM),
relative humidity (RHU), precipitation (PREC), evaporation
(EVP), wind speed (WSP), wind direction (WDI), sunshine
duration (SSD), and the individual effects of various weather
factors on particulate matter (PM) concentrations. The PM
concentrations are also very sensitive to temperature,
humidity, wind speed, and precipitation.20.18-23

There are few studies on how aerosol distribution depends
on the complex effects of these weather factors. In this paper,
AOT and all major meteorological factors were investigated
together with aerosol meteorology. Aerosol data of MODIS
Tier 2 products has been applied to Principal Component
Analysis (PCA) to evaluate statistical relationships between
seasonal distributions of average AOTs and meteorological
factors. PCA is a statistical technique used to reduce the total
number of parameters to a more manageable number by
grouping linearly correlated observations into a smaller
number of variables in PC space.?* In addition, this technique
combines highly correlated observation information into new
principal components (PC) variables, which are often
uncorrelated with each other. Initially, the spatial distribution
and temporal variation of AOT are evaluated for the central
part of Brazil for the period from 2002 to 2011. The objective
is to link the properties of aerosol distributions to regional
weather conditions.

EXPERIMENTAL

The aerosol concentrations were inferred monthly from the
AOT data at 550 nm of the MODIS/Terra sensor, whose
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spatial resolution is 100 km. These data come from the NASA
Giovanni database. AOT is a non-dimensional physical
parameter and indicates how much a beam of radiation is
attenuated by aerosols as it propagates in a certain layer of the
atmosphere containing aerosols.

The daily records of the Oz and CO concentration present
in the atmosphere and the meteorological data during the
study period were provided by the Federal University of
South Mato Grosso, where the monitoring station is located.
The clarity index (Ky), given by Eqn. (1), determines the sky
coverage, defined as the ratio of incident solar radiation (Ry)
(MJ m2 day?) by the top of the atmosphere radiation (Ro).

R
K. = R_i (1)

The lightness index (K;) was determined by the sky cover
according to Souza et al,*® according to which the global and
diffuse radiations are practically the same in the interval 0 <
K, < 0.3, and the radiation of direct approach is close to zero,
classifying the sky under these conditions as cloudy. For the
interval 0.3 < K, < 0.65, the diffuse and direct radiations
remain close, denominating the sky as partly cloudy. When
the interval is comprised of between 0.65 < K, < 1, the
direct approaches the global radiation, while the diffuse
radiation tends to have minimum value. In these conditions
the sky is called clean.

For numerical purposes, aerosols dependent variables are
called Y, and the independent variables are X, for the
considered period of study The transformation of the year
variable into the year-centered variable — year minus the
midpoint of the studied period — becomes necessary, since in
polynomial regression models, the terms of the equation are
often highly correlated and express the independent variable.
Deviation from their mean value is substantially reduced to
the self-correlation among them. A trend analysis of the
historical series was performed using a multiple linear
regression model that best described the relationship between
the independent variable X, i.e., the ozone concentration, the
number of heat sources, precipitation, minimum and
maximum temperatures, relative humidity, velocity of winds,
and the dependent variable Y, aerosol concentration,
according to Eqn. (2).

Y = ﬁo + BlX]. + 32X2+. ot ﬁka + ¢ (2)

Here the index k represents the number of variables, X; —
regressors, fj — estimators and ¢ - standard error. As a measure
of precision, the coefficient of determination R? was used.
The analysis of the residues confirmed the homoscedasticity
assumption of the model.?2

Statistical analysis

In this study, a descriptive analysis of the variables was
performed and, later, the hypotheses were tested using the
Multiple Regression Models (Eqgn. 3).

The mean square error (MSE) was calculated to check the
dexterity of the model.
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MSE = J%[Z{Ll(Pi - 0;)?] ©))

Here P;i and O; are the estimated and the observed values
respectively. The significance level of 5 % was considered in
all analyses. For consideration of variables, the data
standardization was used to apply the statistical technique,
considering the principal component analysis (PCA) and
cluster method.

Principal Component Analysis

PCA allows the reduction of multiple, highly correlated
variables from multiple data sources into a small number of
independent variables, each one having a unique physical
interaction.?’ It has been used® to combine MODIS clouds
and aerosols products, National Centers for Environmental
Prediction (NCEP) Reanalysis and TRMM-PR pluviometry
data to assess aerosol impacts in South America precipitation.
PCA simulation was performed using Matlab 7.1 with the
algorithm described in depth by Jones and Christopher.?* The
initial step in PCA is the calculation of a linear correlation
matrix (R) from the normalized data set (Z). Z represents an
m x n matrix, where m is the number of input variables and n
is the sample size of the seasonal data sets.

In this study, m = 13 represents the combination of
thirteen variables and n = 365 represents the corresponding
sample size for each variable. The correlation matrix was
calculated from the combined dataset of aerosols and
meteorological factors, where each data represents the value
corresponding to a search unit during a single station. Once
the correlation matrix is calculated, the eigen values (A) and
eigen vectors are calculated using Eqn. (4).

ET'XRXE=2 4)

The correlation matrix and the eigen vectors are m x n
matrices, and the eigen values are one-dimensional matrices
of size m. The weighting coefficients (A) are calculated from
the eigen values and vectors through Eqn. (5), where An is a
m x m matrix in which the diagonal values are set to 1 and all
other values are set to 0. The values of weighting range in
magnitude from -1.0 to 1.0, where 0 indicates that there is no
contribution of an input variable to the new PC variable.

A=EVA Xm (5)

Once the weights have been determined, the PC (F)
variables can be derived from the raw data (Z) using egn. (6).
The solution for F produces the final solution of PC variable,
given by eqn. (7).

Z=FxAT (6)

F=ZXAXx(ATxA)™? (7

The magnitude of an eigen value relative to the total
variance of the data set can be considered the degree of
variance explained by the new variable.
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A greater eigen value indicates that its information is more
important in relation to the complete dataset. The PC
variables were ordered in such a way that the first variable
(PC1) accounts for the greater variance in the raw data, the
second variable (PC2) accounts for the second largest amount
of variance, and so on.?”?8

RESULTS

The following graphics show the results of the measured
variables as a function of the time along a year for the city of
Campo Grande, capital city of South Mato Grosso state,
Brazil. The period considered in this paper goes from 2002 to
2011, therefore, all the values exhibited have been averaged
on this time interval. A second and sometimes even a third
independent variable is plotted together with the optical depth
for sake of graphic comparison and visual idea of correlation
among them. The variable time is shown in months, the
optical depth is always represented in the right y-axes, and
the other independent variable scale is exhibited in the left y-
axes.

The first characteristic shows the Oz and CO concentration
concomitantly with the optical depth as a function of the time
along the year. All these values are obviously positively
correlated as all their characteristics follow similar shapes.
The second graphic shows the temperatures — minimum,
maximum and average values — also with the optical depth.
The third graphic shows the humidity factor, also minimum,
maximum and average values as a function of the time along
the year to be compared with the optical depth. Graphic
number four shows the drew point while graphic number 5
represents the atmospheric pressure, minimum, maximum
and average values of both variables. Graphics number 6 and
number 7 show the wind direction and wind speed
respectively. Graphic number 8 exhibits the solar radiation
and graphic number 9 shows the clarity index. The last two
graphics, numbers 10 and 11 shows the number of wildfires
spots and the precipitation level, respectively, always
compared, in the same figure, with the optical depth as a
function of the time along the year.
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Figure 1. Measurement of ozone (Os) — empty square — and carbon

monoxide (CO) — empty circles — concentrations at left and optical
depth —filled circle — at right as a function of the time along the year.

The average temperatures measured in the region are high
in spring-summer, with September and October being the
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hottest months (averages above 23 °C) and mild in autumn-
winter, but rarely lower than 18 °C. June and July are the
months with the lowest thermal averages, between 18 °C and
21 °C. The average rainfall reached by precipitation during
the year present a distribution of 1330 mm.
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Figure 2. Measurement of the temperature — minimum, average and
maximum values —at left and optical depth — filled circle — at right
as a function of the time along the year.
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Figure 3. Measurement of the humidity — minimum, average and
maximum values —at left and optical depth — filled circle — at right
as a function of the time along the year.

W Jpuldl aegpua
— £~ Dew pointmq ;===%--~ DeW poiNtmay, ; —-4-- Dew pointa.
22

e
w
w

20

Dew points (°C)
=1 o o
(%] [ [5)
1]
Optical depth

2
w

o

3]
o
=}
v}

-
3
W
3
w
w
a
Bl
a

Figure 4. Measurement of the drew points — minimum, average and
maximum values —at left and optical depth — filled circle — at right
as a function of the time along the year.
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The values of monthly and annual average recorded
temperatures lead to the understanding that the spatial and
seasonal variation of this climatic variable follows the
characteristics of the region.

—e— Optcal depth ; === AtMmin | ===%=== AtMma ==& == AlMaa

Section B-Research paper

The highest thermal averages are observed from October to
March, which correspond to the summer in the tropical
climates in the Southern Hemisphere. October is the month
having the highest averages, and it is the period characterized
by the transition between the dry period and rainy.
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Figure 5. Measurement of the atmospheric pressure — minimum,
average and maximum values —at left and optical depth — filled circle
— at right as a function of the time along the year.
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Figure 8. Measurement of the global solar radiation — empty square
— at left and optical depth — filled circle — at right as a function of the
time along the year.
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Figure 6. Measurement of the wind direction — empty square — at
left and optical depth — filled circle — at right as a function of the

time along the year.
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Figure 9. Measurement of the clarity index — empty square — at left
and optical depth — filled circle — at right as a function of the time

along the year.
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Figure 7. Measurement of the wind speed — empty square — at left
and optical depth — filled circle — at right as a function of the time
along the year.
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Figure 10. Measurement of the number of wildfires spots — empty
square — at left and optical depth —filled circle — at right as a function
of the time along the year.
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Changes in atmospheric circulation patterns such as high
evapotranspiration rates, low average wind speeds, incipient
precipitation, and low air humidity favour the elevation of
temperatures, indicating the beginning of summer. Another
analysis that can be done from the average temperatures is
that the thermal amplitudes observed between the months
with higher and lower temperatures are very low, varying
4.0 ° C in average, between June (lower thermal averages)
and October (warmer month).
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Figure 11. Measurement of the precipitation index — empty square
— at left and optical depth — filled circle — at right as a function of the
time along the year.

The rainy season goes from October to March/April and
accounts for more than 85 % of annual rainfall, with the rains
in December and January corresponding for more than 35%
of the whole total. The dry season, which starts in April and
lasts until the beginning of October, has a significant
reduction in rainfall indices. The driest quarter of the year,
from June to August, the rainfall represents, on average, less
than 2 % of the annual total.

The dry season is characterized by long periods without
rainfall or insignificant precipitations, well below the daily
evapotranspiration (ETP), implying that the condition of
environment dryness is not improved. These periods often
exceed 100 days. For sake of analysis, periods of drought are
defined as those which over 75 days remain without
precipitation. During the period of study, there were many
longer periods of drought above the minimum limit set.
Considering the years for which longer periods of drought
have been observed, the average number without rain is 105
days, the average number of days without significant
precipitation (below than 2.5 mm) is 110 days. Practically
half of the total number of years present long periods without
rain exceeding 75 uninterrupted days. These periods coincide
with the dry season of the year, being more common during
June, July and August.

The wvariation of the aerosol concentrations in the
atmosphere of Campo Grande - MS is strongly influenced by
the biomass burning. The practice of biomass burning is
related to the meteorological conditions observed during the
second winter half and the first spring half. The long period
without precipitation and relatively low relative humidity are
meteorological factors that contribute to the seasonality of
biomass burning (figure 1 on burning outbreaks).
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The seasonality of the atmosphere contamination by
aerosols for Campo Grande — MS has been verified. Critical
periods occur typically between August and October,
coinciding with the dry season. The values of the monthly
averages of the optical thickness in the channel of 500 nm
(tsoonm) began rising on August (tsoonm ~ 0.1). Maximum
values usually occur in September (tsponm ~ 0.5 to 1.0) and
decrease from October onwards with the onset of the rainy
season. The decrease of the aerosol concentrations in the
atmosphere due to the beginning of the rainy season varies
from year to year.

The principal events associated with the most intense
attenuation of aerosol radiation due to the decreasing number
of heat sources have also been detected by the
AVHRR/NOAA sensor and the movement analysis by the
MODIS/TERRA sensor. The effect of aerosol reduction in
the atmosphere due to the beginning of the rain season differs
from year to year. The observed and analysed results indicate
that some regions are can be considered the main contributors
to the presence of aerosols in the atmosphere of Campo
Grande - MS (Figure 9 - optical depth and clarity index).

DISCUSSION

To understand the temporal variation of aerosols in the
studied area, the time series profile of the mean AOT values
are presented in Figures 1 to 11. During the period of study,
every maximum AOT value appeared during the spring, i.e.
between October and December. The seasonal mean value of
Tsoonm Measures how the cyclical variations are different. In
2007 and 2010, seasonal mean values of Tsponm Showed a
downward trend from spring to winter (July ~ September of
the following year). Conversely, in 2008 and 2009, these
measured values decreased from spring to autumn (April ~
June) and then increased slightly during the winter.

The annual cycle of seasonal averages shows a trend, which
decreases first from May to October and then increases from
November to April of the following year, and all maximums
appear during the spring. Thus, in order to better understand
these dissimilar cyclical variations, it is necessary to analyse
the spatial and temporal variations of AOT. In all figures from
1 to 12, mean values of tsponm reach the highest during the
spring, compared to the rest of the year.

Studies suggest that spring dust and local biomass firing
activities in the north of the country may have caused an
increase in the aerosol load in this area.l0128-31 |n addition,
vast areas of agricultural lands are located in the vicinity of
Campo Grande. After the spring harvest, local agricultural
wastes (e.g. cane straw, corn, wheat straw and residual wood)
are commonly burned to remove unwanted biomass and to
control invasive pests.

Thus, biomass burning in late spring and early summer are
expected to significantly increase PREC, TEM and RHU
values which are all at the highest levels during the summer.
High TEM and RHU can cause the gas-to-particle conversion
process resulting in a larger volume of fine particles, and
PREC can easily remove coarse particles,32-3
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Understandably, the increased deposition of coarse
particles by precipitation elimination plays a dominant role.
For the city of Campo Grande — MS, the population density
may be considered medium. The agricultural productivity is
pre-eminent and the winter is not very rigorous. The
consumption of fossil fuels and biofuels are naturally large,
contributing to SO, emissions with a mean of 1.76 ppb,
varying from a minimum of zero and a maximum of 46.6 ppb
during the year.?® The heavily emitted SO, can be largely
converted to sulfate aerosols in the atmosphere, making it the
dominant component of aerosols in Campo Grande.

Sulfates are hygroscopic aerosols, while the size of their
particle can grow with increasing humidity. The climate in
Campo Grande, characterized by high humidity throughout
the rainfall season, may be favourable for the growing single-
spreading albedo (SSA) of sulfate aerosols. The SSA aerosol
of sulfate doubles when RHU increases.®® Thus, in Campo
Grande, the meteorological conditions could contribute
approximately equally with heavy emissions of SO, to
increase the concentrations of particulate material, thus
increasing the optical thickness. In addition, Campo Grande
is located in a surrounding depression that prevents the
horizontal dispersion of concentrated aerosols. Thus, the
combined effects of heavy emissions, special weather
conditions and negative relief forms can result in high AOT
values.

Also, the fuel consumption of human activities in the city
of Campo Grande, such as industrial production, heating,
depletion of vehicles and daily life, releases waste gases with
a large amount of AOT. In addition to the high RHU
contributions, it can clearly increase the hygroscopicity of
aerosol particles and reduce the dispersion of secondary
pollutants, which can result in a larger increase in AOT.

Aerosols and meteorological factors

The temporal variations of AOT are affected mainly by the
seasonal variations of the meteorological conditions and
emissions of particulate material. Meteorological conditions
affect AOTs in different ways, TEM and RHU affect the
production of secondary particles,®3% PREC affects
deposition®** and velocity affects dispersion.? In addition,
changes in emissions of natural and anthropogenic particles
are also closely related to weather conditions. Aerosols also
have a considerable impact on atmospheric energy balance
and weather conditions. Thus, to better understand the
aerosol-meteorological interactions, the statistical properties
of AOTs and meteorological factors shall be presented and
discussed below.

AOT and meteorological variables

Using the Principal Component Analysis (ACP) extraction
method with Varimax rotation and Kaiser normalization, and
Cluster analysis obtained by the WARD method, two groups
were obtained that explained 87.8 % of the total variance.
This total is composed by the factor 1/group 1, which explains
51 % of the variance, and the factor 2/group 2, which explains
36.8 % of the variance.

Cluster analysis was performed, and the results show two
separate groups, and within each group there are two
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subgroups. They are, for group 1: subgroup 1.1 — ozone and
carbon monoxide; subgroup 1.2 — outbreaks of burning. For
group 2: subgroup 2.1 — average, maximum and minimum
atmospheric pressure, maximum, minimum and average
temperatures, and solar radiation; and subgroup 2.2 — mean
dew point, maximum and minimum precipitation, maximum
and minimum air humidity, clarity index, wind speed, and
wind direction.

Coefficient Pearson
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Figure 12. Pearson coefficients relating the studied variables and
aerosols for Campo Grande — MS, Brazil.

No obvious relationship was found between AOT and
meteorological variables. This may occur because the low-
pressure climate is conducive to controlling the dilution and
diffusion of air pollution, which plays a significant role in
reducing pollution levels. In contrast, under high pressure
conditions, higher concentrations of soil-level pollution have
been observed in some scientific communications.®¢37

The TEM is similar to the AOT pattern, which correlated
positively. The next factor, RHU, shows a negative
correlation. The PREC indicates a positive correlation. Thus,
these results make it clear that high TEM and RHU may result
in the increase of fine particles, and PREC can easily remove
coarse particles, which are quite similar to the results of some
recent published studies.32-33

During the summer and fall, TEM, RHU and PREC are all
larger, resulting in relatively low AOT values. Conversely,
during the spring and winter, TEM, RHU and PREC are all
smaller, resulting in relatively higher AOT values. Continuing
with EVP and SSD, the evaporation capacity is positively
correlated with the duration of sunlight. In this study, the
seasonal variations of EVP are also consistent with those of
SSD and show approximately negative correlations with AOT.
This indicates that reductions in evaporation and duration of
sunlight seem to be related to rises in aerosol load, which is
quite similar to earlier results.?33

The seasonal mean of AOT is correlated to PRS, TEM,
RHU and PREC, as fine particle aerosols are easier to
accumulate when all four meteorological factors are at
maximum.323338 This is due to the fact that aerosols of coarse
particles can be easily removed by wet deposition and can
result in the reduction of solar radiation that reaches the
surface and reduces evaporation.?®3438

The weighting coefficients are produced using the Principal
Component Analysis (PCA) that is used to generate the new
PC variables. The first line of values is the amount of
variation (%) explained by the corresponding PC variable.
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Table 1. Weight coefficients of the new PC variables.
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The Oz and CO-concentrations are expressed in ppb. The

statigtical parameters are S = 0.0217283, R - Sq = 96.1 %, R
=Sq|(adj) = 92.8 % and error = 0.02.

Far the group number 2 the regression analysis resulted in
the following equation.

AOT| = —3.9 + 0.0033 PRS — 0.000011 R, —
0.00088 PREC + 0.0047 TEM,,,, + 0.00279 RHU, .y +
0.0987 WSP + 0.000413 WDI + 0.383 K, 9)

In|this equation, the pressure (PRS) is measured in hPa,
radiation (Rg) in MJ m?2, precipitation (PREC) in mm,
temperature (TEM) in °C, humidity (RHU) in %, wind speed
(WSP) in m s, wind direction (WDI) in angular degrees and
the clarity index as the number defined by Eqgn. (1). The
resulting statistical parameters are S = 0.0735384, R — Sq =
70.2|%, R — Sq (adj) = 17.9 % and error = 0.37.

The incidence of solar radiation causes the heating of the
surface and initiates convective processes that cause the
variation in  aerosol concentration through turbulent

Variables PC1 PC2

AOT -0.029 -0.607
Dew point 0.375 0.059
Atmospheric pressure (hPa) -0.311 -0.242
Solar radiation (MJ m?) 0.531 0.319
Os ppb -0.260 0.356
CO ppb -0.216 0.390
Mm 0.340 0.126
Tmax C° 0.433 0.159
Humiditymax% 0.341 -0.123
Wind speed (m s%) -0.334 0.197
Direction of winds (degrees) -0.362 0.063
Clarity index 0.329 0.230
Wildfire spots -0.212 0.321
Proportion 0.510 0.368
Cumulative 0.510 0.878

PCA Results

New variables with unique physical interpretations were
found from PCA data that can be inferred from the weighting
coefficients used to create each variable (Table 1). The first
PC variable (PC1) accounts for 51 % of the total variance and
is derived mainly from the predominant meteorological
factors. Positive values of PC1 were obtained for vapour
pressure, precipitation, temperature, and humidity. In
addition, PC1 also receives negative weights of atmospheric
pressure and wind speed. Thus, it can be inferred that the
positive values of PC1 are clearly indicative of atmospheric
conditions in which the low pressure, the air dryness and the
longer duration of the insolation are more likely to occur.
Such atmospheric conditions are conducive to controlling the
dilution and diffusion of fine particles, which results in
relatively low AOT — negative values.

The PC2, which represents 36.8 % of the total variance,
reveals a more interesting interaction between the pollutant
and aerosol variables. In particular, the positive sign of the
ozone coefficient is consistent with carbon monoxide because
the weighting coefficients obtained for them are almost equal.
Thus, the positive values of PC2 correspond to high values of
ozone and CO, which play an important role in increasing
AOT.

If the data are correlated, the model should be adjusted
taking into account these auto correlations. This correction is
done by inserting the residue into the model. All
considerations on temporal trends should be observed when
conducting a study, for example, on the impact of a particular
variable. Other factors that are generally considered in these
studies are the effects of temperature, precipitation and
humidity. After considering the mentioned factors, the values
of the coefficients, B, are determined. For the group 1, the
values of regression analysis yielded the following results.

AOT = 0.0643 — 0.00133 05 + 0.000446 CO —
0.000006 wildfires (8)
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movements. These variations are responsible for the raise or
reduction in aerosol concentration within a certain volume
from both horizontal and vertical motion.

Environmental degradation is one of the main problems of
modern society. Technological development, population
growth and its concentration in the urban environment,
industrialization and the use of new methods and techniques
in agriculture are some of the contributing factors for the
introduction of different chemical, synthetic and even natural
substances into the environment, which generate adverse
effects on the environment and living things.

CONCLUSION

The local averages of seasonality, considering the crests
and depressions of the curve, indicating the increased
concentration of aerosols observed during the analysis can be
attributed: (i) to the dust aerosols produced locally from
desert zones and catalyzed by intense solar heating also as
transported aerosols; (ii) to the increase in anthropogenic
activities, as the land preparation and biomass burning that
release a significant amount of dust and smoke particles into
the atmosphere; (iii) to the smoke particles transported from
neighbouring countries and neighbouring states — the
southern part of Campo Grande is called the arc of fire, region
where there is a higher incidence of wildfires; and (iv) to the
atmospheric inversion condition prevalent in the region,
which does not withstand upward movement of air resulting
in high aerosol loading at the lower levels of the atmosphere.
The low AOT observed during the local moist months can be
attributed to the reduction of anthropogenic activities and the
increase of wet deposition processes.

It is known that precipitation directly influences the aerosol
load. The reverse modal patterns between precipitation and
AOT (see Figure 11) indicate the role played by precipitation
in modulating the AOT concentration. The stations with high
(low) precipitation correspond to AOT valleys (peaks). This
is further evidenced by significant negative correlation (with
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95 % confidence level) between AOT and precipitation
(Figure 12). Generally, precipitation can affect aerosol
loading, especially dust particles in different ways: (i) it
washes aerosols by reducing their concentration in the
atmosphere, a process known as elimination; (ii) increases
soil moisture by suppressing induced dust emissions as
winding the ground. In addition, it increases the growth of the
vegetation, which could also prevent the emission of dust.
However, during periods of drought, the residue varies freely
due to the aerosol emissions from burnings and biomass
events.

In this study, the aerosol and meteorological data were
analysed to assess the relationships between aerosols and
meteorological conditions. The aerosol distribution
properties have first been examined in the research area and
found that the temporal variations of the AOT show different
characteristics and are mainly affected by variations in
meteorological conditions and particulate emissions. A main
result of this work is that the seasonal annual cycle of AOT
shows a decreasing trend followed by a rise, and all highs
appear in the spring.

The variability of AOT in the 500 nm channel verified in
the atmosphere of Campo Grande — MS presents a strong
monthly  seasonality related to the predominant
meteorological conditions and to the numerous fires of
burnings verified in regions that are source of aerosols. In the
months with the greatest influence of the wildfires, monthly
averages of tsoonm from 0.6 to 1.0 were observed, while in the
months with cleaner atmosphere values of tsponm Were
observed around 0.1. The mathematical correlation between
the climatic indicators indicated that the main source in order
of significance formed two groups, with two subgroups each.

The analysis of the temporal variability of AOT showed that
Campo Grande has a characteristic annual cycle with increase
of AOT in the periods of August to October, with maximums
recorded in the month of September, coinciding with the
period of increase of burnings in the southern Amazon and in
the areas of the Brazil Central-West “cerrado”, while in the
other months of the year AOT has low values, around 0.1.

It was observed that the years presenting the highest AOT
load in the region were those in which there were a greater
number of outbreaks of burning in the Brazilian territory. The
atmospheric circulation and frontal systems that operate in
South America during the dry season period interfere in the
amount of foci and, consequently, in the AOT values for
several regions, including Campo Grande, which is one of the
places, affected by the air masses that aerosol from the
northern region.
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