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Abstract This paper introduces the aerosol characteristics in two cities, Cairo and Qena, Egypt. The two cities are
characterized by different levels of air pollution. Aerosol characteristics are studied by comparing the aerosol optical depth
(AOD) and angstrom exponent, o, as well as its second derivative, @. The used data are collected from the AERONET
network constructed in the two cities. The results indicated that the two cities, Cairo and Qena, are characterized by different
levels of air pollution and aerosol characteristics. Comparison of the AOD values at three wavelengths (340,500 and 870 nm)
in Cairo and Qena, and comparison of the monthly mean distribution of Angstrém wavelength exponent (o) at three
wavelength bands (440-870, 440-675, and 675-870 nm), indicated the presence of a bimodal AOD distribution with primary
and secondary maxima in April in both Cairo and Qena and in Nov in Cairo and in Oct in Qena. Results of the correlation
between Angstrom wavelength exponent a computed at shorter (380-440 nm) and longer (675-870 nm) wavelengths in Cairo
and Qena have shown that the curvature in Cairo is negative in 33% of total cases indicating the presence of fine mode
aerosols, while in Qena, the curvature is rarely negative; 5% of total cases, indicating the presence of coarse-mode aerosols.
Finally, values of the second derivative @ at Cairo and Qena are discussed as a function of AODsy, nm. In Cairo, Positive a
values indicate predominately fine mode bimodal size distributions with the value of a increases as the fine mode
increasingly dominates over the coarse and as the fine mode particles increase in size. While in Qena, the coarse mode
dominated desert dust cases typically show a values near zero or slightly negative.
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1. Introduction

Numerous industrial and urbanization activities have been
introduced in Egypt during the past few decades leading to
increasing environmental problems, such as air pollution,
particulate matter, gasses, and aerosols to high levels
exceeding the world health organization (WHO) levels,
especially in Cairo [1,2]. Atmospheric aerosols play an
important role in climate, their radiative forcing, on a global
average, is likely to be comparable in magnitude to the
radiative forcing of about 2.4 W m-2 by anthropogenic
greenhouse gases [3]. Nevertheless, their effect is difficult to
estimate, mainly because there is incomplete knowledge of
their optical properties [4,5], resulting thus in a large
uncertainty regarding the aerosol overall radiative forcing
[6-8]. This may be due to the difference in the degree of
mixing and variability between the gasses and the aerosols
in the atmosphere, gasses are well-mixed, while aerosols
are inhomogeneous and have highly special and temporal
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variability. There are a rather limited number of general
categories of aerosol types with distinct optical properties. In
general, aerosols can be classified into the following four
aerosol types, which are associated with different sources
and emission processes, and they exhibit significantly
different optical properties: 1) biomass-burning aerosols,
produced by forest and grassland fires, 2) urban/industrial
aerosols from fossil fuel combustion in populated
urban/industrial regions, 3) desert dust blown into the
atmosphere by wind, and 4) aerosols of maritime origin. [9]

Aerosol optical depth AOD (t,) represents the extinction
of radiation at wavelength A resulting from the atmospheric
aerosols [10]. The wavelength dependence of AOD varies
between different aerosol types because of their different
physical and chemical characteristics. AOD wavelength
dependence is expressed by the Angstrom exponent o which
is the slope of the wavelength dependence of the AOD in
logarithmic coordinates [11].

T A
Aouny) = —ln(ﬁ)/ln(i) @)

Within the solar spectrum o can be used as an indicator for
the size of the atmospheric aerosols determining the AOD:
a>0 is mainly determined by fine mode, submicron aerosols.
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While a<1 is largely determined by coarse or supermicron
particles. It is well known that large fine mode particles can
have the same a as mixtures of coarse mode and small fine
mode ones so that o alone does not provide unambiguous
information on the relative weight of coarse and fine modes
in determining the AOD [10].

For several years great effort has been devoted to the study
of the spectral variation of the Angstrom exponent a for
extracting information about the aerosol size distribution
[10,12-19]. For example, the negative values of the
difference a(440, 613)-0(4440, 1003) refer to the dominance
of fine mode aerosols, while the positive difference refers to
the effect of two separate particles modes. Also, in the
wavelength range 380-870 nm, o can increase by a factor of
2-5 as wavelength increases for biomass burning and urban
aerosols, while remaining constant or decreasing in the
presence of mineral dust [15]. In 2006, [19] addressed
the link between Angstrom exponent curvature (second
derivative of a) and the ratio between fine and total aerosol
volume.

Most Aerosol studies in Egypt are concentrated on
Cairo and the Nile delta, for instance [20-29]. Marey, H.S.
et al 2011 in [20] studied the optical and microphysical
aerosol properties over the Nile Delta using satellite data.
They found significant monthly variability in the AOD
with maxima in April or May (~0.5) and October (~0.45),
and a minimum in December and January (~0.2). They
found spherical aerosols during the black cloud periods
characterized by a higher percentage of small and
medium-size particles, whereas the aerosols during spring
are generally large non-spherical particles. Also, they
concluded that the region of Cairo and the Nile is subject to a
complex mixture of air pollution types, especially in the fall
season, when biomass burning contributes to a background
of urban pollution and desert dust. [21] studied the reasons
for the severe air pollution phenomenon occurrence known
as the 'black cloud," in Cairo in the early autumn. They
concluded that the cause of those events is the burning of
agricultural waste after harvest season in the Nile delta
region. El-Askary 2006 in [22] found that aerosol optical
depth (AOD) behavior showed a dual maxima nature in each
year from 2000 till 2005 during the months of (April, May)
and October attributed to dust and air pollution events,
respectively. Such behavior is confirmed by the high
negative correlation with the aerosol fine mode fraction
reaching -0.75. Aerosol fine mode fraction product
confirmed by a high value in October represented the Black
Cloud episodes due to fine particles contribution in these
events rather than during the dust events. They confirmed
burns' contribution to the Black Cloud formation. EI-Askary
et al 2008 in [23] have also studied dust storms, dense haze,
and the black cloud that occurred over Cairo and the Nile
delta during the spring and autumn months for the period
from 2004 to 2006. They concluded that the observed
pollution accumulation is a result of temperature inversion
conditions, as well as adverse weather conditions. In addition,
Prasad, A.K. et al 2010 in [24] found that the black cloud is

affected also by long-range transport of dust at high altitudes
(2.5-6 km) from Western Sahara and its deposition over the
Nile Delta region. Also, El-Askary et al 2009 in [25] stated
that the weather conditions prevailing in the Mediterranean
Sea result in a westerly wind flow pattern during spring and
from North to South during the summer. They confirmed
that such flow patterns transport dust-loaded and polluted
air masses from the Sahara desert and Europe, respectively,
through Alexandria and the Nile Delta in Egypt.
Measurements declared a seasonal variability in aerosol
optical depth (AOD) following these flow patterns. The
results obtained by El-Metwally, M. et al 2008 in [26]
suggest that the variations in the overall aerosol properties
are due to changes in the proportions of the mixture
consisted of. In particular, short-duration dust storms and
biomass-burning episodes explain the largest observed
aerosol optical depths (AOD) (AOD > 0.7) through the
extreme enhancements of concentrations in dust-like
aerosols characterized by low A ngstrém's exponent values
(alpha < 0.5) and in "biomass-burning" aerosols (1.0 <
alpha < 1.5). Also, EImetwally et.al (2011) in [27], using the
analysis of the temporal variation of the AOD and spectral
dependence, suggested that the aerosols in Cairo are
generally a mixture of at least three main components
differing in composition and size: 1) a highly absorbing
background aerosol produced by daily activities such as
traffic and industry, 2) an additional, ‘pollution” component
produced by the burning of agricultural wastes in the Nile
delta, and 3) a coarse desert dust component. Recently, Islam
Abou EI-Magd et al. (2020) in [28] investigated the AOD
and for the period 2012—2018 in Cairo. They concluded that
the summer and autumn seasons experienced the highest
anomaly originating from regional and national sources.
They also found that the high AOD and low A ngstrom
exponent (AE) in spring indicated the presence of coarse
particles which naturally originate from desert dust or sea
spray. In contrast, the high AE in summer and autumn
resulted from the dominance of fine anthropogenic aerosols
such as smoke particles from local biomass burning. Also,
Wenzhao Li et al. 2019 in [29] found that most of the severe
aerosol events are caused by dust or mixed related scenarios
in Cairo and the Nile delta during the spring, fall, and
summer. Whereas during winter aerosols of finer size lead to
severe heavy conditions.

In Qena, a few number of studies have been concerned
with the Total Particulate Matter (TPM) and AOD
characteristics such as [30-32]. In [30,31] they studied
the temporal variation of particulate matter ( PMyq )
concentrations and its affect by the meteorological
parameters. Results indicated that the average mass
concentration of total suspended particulate matter was
158.3 + 40.1 ug/m®, the winter average value was 182.5 g/
m?, while the summer average value was 132.5 pg/m°. In the
entire study period, TPM particles have irregular, spherical
and aggregated shapes. Also, they analyzed the chemical
constituents of the TPM. Elemental analysis indicates that
C, Si, and Ca were the abundant elements in the particles
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followed by Al, Na, and Fe. In addition, the study utilized the
AOD level measured from satellite data. In [32] the effect of
long-range transport on the particulate matter concentration
in Qena is studied. The study revealed that most air mass
trajectories are found in the northern clusters during the
whole period as well as during spring, summer, and autumn.
North Africa and the southwest of Turkey are found to be
the most probable sources of PMy, during spring and all the
study period.

2. Study Area, Data, and Methodology

Egypt, as shown in figure (1), is located northeast of
Africa and consists mainly of two desert plateaus separated
by the narrow Nile valley. The western desert is larger than
the eastern desert. The Nile valley becomes large in the
north and forms the Delta; the main agricultural area in
Egypt. Cairo is located at the beginning of the branching of
the Nile into the Rashid and Damietta branches. Due to
the huge desert areas and the large population as well as
increased industrialization, the common sources of the
aerosols in Egypt can be classified as (1) sand and dust
particles blown from desert areas, especially during the
windy season (spring ) [33], (2) Sea salt from the
Mediterranean Sea transported by northern and north-west
air masses (31Kassem, Kh. O. 2008), (3) biomass burning
in the Nile valley and the delta, (4) local activities from
industrial and urbanized areas. Cairo is the capital of Egypt
and the largest and most important city in Egypt. It is the
largest Arab city in terms of population and area, and
occupies the second place in Africa and seventeenth in the
world in terms of population, with a population of
21,322,750 million people according to statistics in 2021.
They represent 20% of the total population of Egypt. Qena
is located in Upper Egypt 600 km south of Cairo, east of the
Nile River. It is the capital of Qena Governorate and its
largest city, its population is 350 thousand people.
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Figure 1. Map of Egypt

AERONET is a ground-based aerosol network set up by
the National Aeronautics and Space Administration (NASA)
and LOA-PHOTONS Centre National de la Researche
Scientifigue (CNRS) and is significantly extended by
associates from national offices, foundations, colleges,
singular researchers, and accomplices. AEROENT data is
characterized by its high frequency (every 15 min) and low
uncertainty observations [29]. Instantaneous AOD values of
quality-assured level 2.0 data were acquired from the
AERONET station of “Cairo EMA_2” located at 30.081° N,
31.290° E. and “Qena_SVU located at 26.20 N, 32.75 E”.
AERONET data are available at https://aeronet.gsfc.nasa.go
v. The data are automatically cloud cleared and quality
assured with pre-field and post-field calibration applied.
AOD is measured at seven wavelengths 340nm, 380nm,
440nm, 500nm, 675nm, 870nm, and 1020nm.

Angstrom exponent (AE) can be calculated using the
spectral variation of AOD by applying the Volz method
(Equation (1)) to distinguish the different aerosol types
[35,36]. For comparison between the two locations, Cairo
and Qena, we used the available instantaneous 11 months
data in Qena during the period from 12/22/2018 to
10/22/2019 and the corresponding year-round period of data
in Cairo during the period from 8/2/2018 to 7/30/2019.

In this work, we compared the monthly mean values of
AOD at three wavelengths (340,500 and 870 nm) in Cairo
and Qena. Also, the monthly mean distribution of A ngstrém
wavelength exponent (o) at three wavelength bands
(440-870, 440-675, and 675-870 nm) is calculated and
compared in the two cities. In addition, the values of
Angstrom wavelength exponent o computed at shorter
(380-440 nm) and longer (675-870 nm) wavelengths in Cairo
and Qena are calculated for clarifying positive (concave type)
and negative (convex type) curvature in the two cities. The
correlation between the differences of Angstrom exponent
and AOD at 500 nm is studied in the two cities. Finally,
values of the second derivative computed from instantaneous
values of 380, 500, and 870 nm at Cairo and Qena as a
function of nm are discussed.

3. Results and Discussion

Figure (2) shows the monthly mean variation of AOD
values at three wavelengths (340,500 and 870 nm) in Cairo
and Qena using Box and Whisker plots. In Cairo, the values
increased from low values (0.21 -0.38) in Jan to record
relatively high values (0.33—0.55) and (0.26 — 0.74) in April
and Nov., respectively. While in Qena, the values increase
gradually from (0.07-0.13) in Dec. to a maximum value
(0.27 — 0.31) in April, then decrease from April to (0.12 —
0.20) in Aug, after that increases again to (0.17 —0.28) in Oct.
These behaviors illustrate a bimodal AOD distribution with
primary and secondary maxima in April in both Cairo and
Qena and in Nov in Cairo and in Oct in Qena (There is no
available data in Nov. in Qena). The results thus obtained are
compatible with the maximum values of AOD found by [27]
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in April and Oct. and with the results found by [28] in Cairo.
The large range of Box for AOD340 in Feb and Nov in Cairo
gives a sign of large variability in the fine mode aerosols,
while the large range of Box for AOD870 in April and Nov
gives a sign of large variability in the coarse mode aerosols.
This result also is following that found by [28], who found
that in May and Oct, there was a pronounced presence of
AOD, using daily data of MODIS over Egypt. They stated
that the source of the coarse mode aerosols is the dust storms
that frequently occur in spring due to the prevalent Khamasin
wind in this season. In Qena, there is a pronounced range of
the Box for AOD340 and AOD870 in April and May,
indicating a large variability in the fine and coarse mode
aerosols. The monthly mean values of AOD340 are greater
than that of AOD500 and AOD870 in all the months in Cairo
and Qena. The significant monthly variation in the range
of AOD at particular wavelengths indicates more or less
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homogeneity in the aerosol burden. The large intra-monthly
variability in aerosol burden exhibits in April and May in
Qena and in Nov in Cairo. In Qena this is the time of
Khamasin winds and sugar cane agricultural wastes burning,
while in Cairo, it is the time of black cloud formation due to
the rice agricultural wastes burning [28]. The large range of
Box for AOD340, AOD 500, and AOD 870 in Qena during
April and May gives a sign of large variability in the fine and
coarse mode aerosols during those two months, while this
case is more pronounced in Nov in Cairo, although all the
months in Cairo are characterized by pronounced ranges of
Box in comparison with that in Qena. In addition, throughout
the year, there is a large range of AOD340 boxes compared
to AOD500 and AOD870 in Cairo, indicating the presence of
fine mode aerosol burden in the atmospheric column and
expressing the influence of anthropogenic aerosol. this case
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Figure 2. Monthly mean distribution of spectral aerosol optical depth at 340 nm, 500 nm, and 870 nm in Cairo (a) and Qena (b). Upper and lower
whiskers represent the maximum and minimum values, respectively, Upper and lower ends of the box represent the third and first quartiles, respectively,

and the interior horizontal line represents the mean values
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Figure (3) illustrates the monthly mean distribution of o
values at three wavelength bands (440-870 nm, 440-675 nm,
and 675-870 nm) in Cairo and Qena. The difference in o
values between short and long-wavelengths defines the sign
and magnitude of the curvature [19], while the inter-band
variation of o values in short and long wavelengths provides
information about the variation in fine-mode radii and
fine-mode fraction, respectively. In the two cities, there is a
clear decrease in o value from winter (Dec) to spring (May),
then, an increase again from summer to autumn. The
minimum values of a occurred in April-May in the two
cities indicating clear dominance of coarse-mode aerosols
transported from the desert along with marine aerosols
transported with long-range air mass from the Mediterranean
Sea and Atlantic ocean as stated in [34]. In Cairo, the values
generally decrease from relatively high values (1.15 — 1.21)
and (0.91 — 1.0) in Nov and Dec, respectively, to low values
(0.45 — 0.61) in May, then increase from May to Nov. The
high values of the Angstrom exponent in autumn indicate the

presence of fine mode aerosols resulting from fires in the rice
crop wastes in the delta [28]. There is an abrupt decrease in a
values in the two months Jan (0.64-0.77) and Oct (0.77 —
0.85). In Qena, the values decrease from maximum values
occurred in Dec (0.62-1.12) to minimum value (0.29-0.38) in
May, then, increase to relatively high values (0.73-1.06) in
Aug, after that, decreases to (0.73 — 0.95) in Oct. During the
whole period of the study in the two cities, we can notice
a large value of ay49_g75 compared to ogy5_g79 With the
difference between the two values is larger in Qena
compared to that in Cairo. This Indicates clear positive
curvature and clear dominance of coarse particles in Qena.
The phenomenon is less pronounced in Cairo due to a large
amount of local anthropogenic particles. In Both Cairo and
Qena, we can notice that mean values of o at long
wavelength interval (675-870) nm are less than the mean a at
short wavelength interval (440-675) nm in the whole period
of study. This is due to the presence of mineral dust in the
two cities, especially in Qena, where the differences are
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more significant [15].

Based on the spectral dependence of o and its relationship
with atmospheric turbidity stated by many authors such as
[37], the values of o in Cairo and Qena were computed in two
narrow spectral intervals, 380-440 and 675-870 nm by
applying the Volz method. The correlation between o values
computed in the two mentioned narrow spectral bands is
shown in figure (4) for the two cities, Cairo and Qena. In this
figure we can notice the followings; first, the relationship
between a-values in the two spectral intervals is not linear in
the two cities as few points are laying on the one-to-one line.
This result is following that reported by (34Kaskaoutis
D. G. et al, 2007) in four AERONET stations representing
different kinds of aerosols. In this case, points located in the
upper part of the plot represent negative curvature a, < 0
and indicate the presence of fine mode aerosols, while,
points located in the lower part of the figure a, >0
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represent positive curvature and indicate the presence of
coarse-mode aerosols. So, it is found that the curvature in
Cairo is negative (o, < 0) in 33% of total cases, while in
Qena, the curvature is rarely negative; 5% of total cases.
This result reflects the difference between the nature of
the aerosol load in a big —urban city such as Cairo and a
relatively small city characterized by a relatively clean
atmosphere in comparison with that of Cairo. In addition, the
difference in the AERONET stations located in the two cities;
in Cairo, it is located in the middle of the city, while in Qena,
it is located in a suburb desert region far away from the
pollution sources. From the figure we can see that both Cairo
and Qena are affected by the coarse mode aerosols generated
from the desert surrounding them; Cairo is affected in 67%
of the total cases while Qena is affected in 95% of the total
cases. These results are following that found in Altafloresta
(Urban city) and Solar village (dessert), respectively, [37].
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Figure 4. Regression between the values of Angstrom wavelength exponent a computed at shorter (380-440 nm) and longer (675-870 nm) wavelengths
for the two sites (a) Cairo and (b) Qena. The one-to-one line is also shown together with a, values implying positive (concave type) and negative (convex

type) curve related to equation 5
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Equations (2) and (3) illustrate the correlation coefficients
between the o values of Angstrom exponent computed at a
shorter wavelength (380-440 nm) and longer wavelength
(675-870 nm) in Cairo and Qena.

a(675_870) = 0.80 a(380_440) + 0.11 R2=O44 (CaII‘O) (2)
a(675_870) = 059 (X(340_440) — 0.0602 R2:066 (Qena) (3)

The mean values and the standard deviation of o computed
at a shorter wavelength (380-440 nm) and longer wavelength
(675-870 nm) are illustrated also in figure 4, it is found that
the mean value of o at a longer wavelength is slightly smaller
than that at a shorter wavelength in Cairo, while it is
significantly smaller in Qena. This result indicates that the
curvature depends on the difference of o values computed in
short and long wavelengths.

For illustrating the spectral variability of atmospheric
exponent o and its dependence on atmospheric turbidity and
aerosol type, the relationship between the difference of o
values asgy_440 aNd ag75_g70 as a function of atmospheric
turbidity represented as means of AODs, is shown in figure
(5) for the two cities. In this figure, positive and negative
differences are indicative of positive and negative curvatures,
respectively. While differences near zero indicate the

absence of the spectral variability in the Angstrom exponent.
In this figure, we can notice that in Cairo, there is an increase
in the range of differences with increasing turbidity. The
differences become negative as the atmospheric turbidity
increases as a result of increasing the fine mode particles
ratio. This result is following that found in Alta Floresta [37].
We can notice that in Cairo, the differences are purely
negative for small turbidity: AOD ranges from 0.1 to 0.2.
Negative differences increase for AOD range from 0.2t0 0.7.
Then, most of the differences become negative for AOD
greater than 0.7. In Qena, the differences are positive for
most cases, as shown in figure 4 (b), while the differences
tend to be zero for high turbid dust conditions, with AOD
larger than 0.5. This result is following that found by [15,37].

To characterize the departure from linearity of the In 7,
versus In A relationship (Angstrom exponent) in the two
cities, we utilize the parameter a (the second derivative of
a) defined by [15] as the derivative of a concerning In A. The
parameter a is computed from the relation:
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Figure 5.

Correlation between the differences of Angstrom exponent, asgy_s40 -

g75-g70 and AOD for the two sites (a) Cairo and (b) Qena
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Figure 6. Values of the second derivative @ computed from instantaneous values of t, at 380, 500, and 870 nm at Cairo (a) and Qena (b) as a

function of AODs5y, nm

The parameter a is a measure of the rate of change of the
Angstrom exponent with the logarithm of the wavelength.
Figure (6) represents the relationship between the
instantaneous values of & and the AOD 500 during the same
period of the study. When a is equal to zero there is no
curvature in the In 7, versus In A relationship and therefore
the Angstrom expression fits the data best.

As shown in Cairo, Figure. (6, a), which is characterized
by fine mode urban aerosols, there is a tendency toward large
positive values of &, especially as AOD500 increases, due to
the strong optical influence of fine-mode particles at the
higher optical depth [37]. Positive @ values typically occur
in predominately fine mode bimodal size distributions with
the value of a increasing as the fine mode increasingly
dominates over the coarse mode and as the fine mode
particles increase in size [15,38-40]. In Qena we can see that
the values of the differences are more close to zero, as shown
in Figure (6, b), indicating the presence of coarse particles,
since this site is strongly influenced by desert dust. It is found
that the coarse mode dominated desert dust cases show a
values near zero or slightly negative [15,16]. Negative a
occurs when o (380 - 500 nm) is larger than o (500-870).
This occurs as a result of bimodal size distributions at

relatively low optical depths, with fine mode particles
dominating the wavelength dependence of AOD at short
wavelengths and coarse mode particles dominating the
wavelength dependence at longer wavelengths [16]. From
figure (6 a,b) we can conclude that both Cairo and Qena are
affected by the desert dust coarse particles that make a
negative.

4. Conclusions

Summing up the results, it can be concluded that from the
comparison of the monthly mean values of AOD at three
wavelengths (340,500 and 870 nm) in Cairo and Qena, and
the monthly mean distribution of A ngstrém wavelength
exponent (a) at three wavelength bands (440-870, 440-675
and 675-870 nm), there is a bimodal AOD distribution with
primary and secondary maxima in April in both Cairo and
Qena and in Nov in Cairo and Oct in Qena. In addition, the
correlation between Angstrom wavelength exponent o
computed at shorter (380-440 nm) and longer (675-870 nm)
wavelengths in Cairo and Qena indicated that the curvature
in Cairo is negative in 33% of total cases indicating the
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presence of fine mode aerosols, while in Qena, the curvature
is negative only in 5% of total cases, indicating the presence
of coarse-mode aerosols. The correlation between the
differences of Angstrom exponent, @szgg_s40 - ®e75-870
and AOD at 500 nm is studied in the two cities. In Cairo,
there is an increase in the range of differences with
increasing the turbidity and the differences become negative
as atmospheric turbidity increases as a result of increasing
fine mode particles ratio. In Qena, the differences are
positive for almost all cases, indicating the presence of
coarse mode particles. Finally, values of the second
derivative a at Cairo and Qena as a function of AODsy, nm
are discussed. In Cairo, Positive & values occur in
predominately fine mode bimodal size distributions with the
value of @ increasing as the fine mode increasingly
dominates over the coarse and as the fine mode particles
increase in size. While in Qena, coarse mode dominated
desert dust cases typically show & values near zero or
slightly negative. Although Cairo and Qena differ in Aerosol
properties due to the difference in air pollution levels and
sources in each city, the two cities are affected by the desert
aerosols during spring months and biomass burning during
autumn months.
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