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ABSTRACT

The Earth is exposed to heating every year due to a rise in the level of carbon
dioxide gas. A temporary cooling of the Earth’s surface may occur during the
period of volcanic eruption and its injection of sulfur dioxide aerosol (SO>) into
the stratosphere, where air pollution stabilizes, and eventually temperatures
return to levels. Before the eruption. This is what the current study focused on,
as during the eruption of Raykok volcano, which resulted in sulfur dioxide that
passed over Libya on the 6™ of August 2019, a cooling of temperatures was
observed, although its quantities were small compared to the source of the
eruption, and an inverse relationship was observed, in the hours of 00-06 for day
6 were low temperatures, noting the arrival of the sulfur dioxide column over
Libya, and the correlation coefficient reached - 0.45, despite the fact that the
month of August is characterized by hot months, while the correlation
coefficient reached -0.41, - 0.22, - 0.16 for the time hour periods 06-12, 12-18,
and 18-23:59 min, respectively. The correlation coefficient was observed to
decrease with a decrease in sulfur dioxide gas, which was evident when the
temperatures returned to normal.

Bl Az e 0305 Ld B St H5SUl) O 8 SN ST SU 3905 o
2l gl s g, 3o o Bner doses slia
3 S Sk By ¢ 0 S ST U S Seten (3 P o S35 ple IS o) ) 25 5!
sl g o pdeglind) 1ib 3 (SO2) S ansT 3L sld Ly STl OLd 38 511 o)) e
Ol el G AU Al ade 55 L g LONedl) |8 Lo gt ) 314 Olorys sgai Sl 18 (39 (5o
A Lmgdg 2019 ad et s 0 6000l 3 L B e Gy S ST G e 3 )l B85, 018
06-00 oo el i, 2mSle BMe Sy Lamgly Ol jdoze o0 B)lie A LS00 o8 B4 Syl
= LY Jelee bos s L B8 coupS dnST Gl spanll Jgop dlad disiis 34 @lays S 6 psll
0.16 - 0.22 = ¢ 0.41- Joy DLW Jobes Longe 51 0830 jan olad) g5 o0 o8y Je (0,45
A e il LYY Jalas g, Ul e, 3a335 23:59-18, 18-12 (12-06 sl ool ol

- el Loy J 8L Slns £ammn ey O (sllly SO ST U 5L

INTRODUCTION

pollutants in the atmosphere, sulfur compounds are
essential to the chemistry of the Earth's atmosphere

One common air contaminant in the atmosphere is sulfur
dioxide, which is released from many different sources,
primarily industrial plants. One of the most common

(Leszek, et al., 2014), and volcanoes, large fires, and the
burning of fossil fuels by humans are the only known
sources of periodic, significant changes in atmospheric
chemistry throughout geologic time. Today, massive
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volcanic eruptions spewing hundreds of megatons of
water and gases happen roughly once every 80 years
(Peter L, 2009), and it is estimated that volcanoes
contribute an average of 18.7 Tg of SO, to the atmosphere
annually (Richard E, et al., 1987). This estimate is
primarily based on extrapolation from direct
measurements of volcanic SO,

A number of objective procedures have been developed
in response to the recent resurgence of interest in using
synoptic  climatological ~ approaches to  assess
environmental problems (Laurence S, 1986).Sulfur oxide
(SO,) is primarily released during various industrial
processes (such as those in smelters and coal-fired power
plants), and it is also contributed by trucks and cars
running low-grade diesel fuel (Bin Zou et al., 2014).
where SO; is a toxic gas and a precursor to particulates in
the atmosphere, as well as the significant rise in SO, to
80-100 pptv in the upper stratosphere due to photolysis
of HaSO4 (M. Hopfner, et al., 2013), and sulfur aerosols
have an impact on agriculture, human health, ecosystems,
and regional and global climate (S. J. Smith, et al.,

2011).

In the 1980s, "acid rain™ was discussed in North America
and Europe, and emissions reductions were negotiated at
the international level, which led to a significant
reduction in sulfur dioxide emissions (J.Neil Cape, et
al.,2003) , accordingly, a bottom-up mass balance
approach calibrated to nation-level inventory data has
been used to create a new annual estimate of
anthropogenic global and regional sulfur dioxide
emissions for the years 1850-2005 (S. J. Smith, et al.,
2011).While SO emissions have been steadily declining
over the past few decades in the majority of countries,
According to (Bin Zou, et al., 2014), environmental
scientists and epidemiologists usually consider SO, to be
a low-risk pollutant. Lower stratospheric fluctuation of
SO2 could be mostly explained by volcanic activity . On
the other hand where you play aerosols lessen the quantity
of solar radiation that reaches the lower layers of our
atmosphere by scattering, reflecting, or absorbing
sunlight. Although aerosols have a direct cooling effect
by filtering solar radiation, there is "strong evidence for a
substantive negative total aerosol effective radiative
forcing," according to the Intergovernmental Panel on
Climate Change (IPCC), due to the uncertainties of
indirect effects such as sulphate aerosol impacts in cloud
droplet formation, aerosols' effective contribution to
global cooling, or warming, Sulfate aerosols are generally
thought to function as cloud condensation nuclei lowering
the quantity of radiation that makes it to the surface
(https://www.atmosphere.copernicus.eu).

According to (Steven J. Smith, et al., 2005), although
sulfur dioxide emissions have a negligible relative
climate impact and will only be considered a secondary
pollutant by the end of the century, their effects may still
be felt for many years to come in developing nations.

STUDY AREA

By tracking the column of sulfur dioxide, the center of
which was the Kirkuk volcano, which passed over
Libya, so discussing its impact over Libya (study area).
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Fig. (1): Movement path of the sulfur dioxide column
from the natural source Raikok ,( S. M. Khaykin ,et
al.,2022)

Data Source And Analysis

Data for both temperature (C% and SO column mass
density for kilogram per square meter (kg m?) for the
NASA Merrra-2 model with a horizontal resolution of
0.5° x 0.625° , over libya region between latitude 19-
33N° and longitude 9° to 25E° ,
(https://giovanni.gsfc.nasa.gov), for the 6th of August
2019 from hour 00 - 23:59min.

Through analysis of the data at the moment the sulfur
dioxide column arrived over Libya on August 6, 2019, it
became clear from the data that at 00-06 the amount was
clear, reaching 1.6 x10-5%kg m™, as in Figure (2.a) over Sirt
and Ben Jawad. It passes through Bajdabiya, and the
column penetrates towards the southeast, while the rest of
the country is low at 06-12 hours, shown in Figure (2.b).
The amounts of SO; are less than the hours at the moment
of its arrival, and it decreases gradually, reaching 8 x 10
kg m2 in both figures (2.c, d). Although the amounts of
SO, are very small compared to its source, it nevertheless
had an effect on the temperature shown in Figure (3). The
temperature drops at 00-06 and reaches 20 C° Cln the
north of the country and reaches 29 C° in the south, as
shown in Figure (3.a). The temperature increases in the
hours of 06-12 and reaches 26 C°in the north of the
country and 33 C° in the south. See Figure (3.b). Thus,
temperatures return to normal due to the decreasing
amounts of SO, and reach about 30 C° at 12-18 p.m. and
increase to 42 C° in the south, as shown in Figure (3.c).
They begin to decrease and reach from 25 to 35 C%at 18-
23:59 min at night.
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Fig 4: Distribution of sulfur dioxide gas and
temperature.

[ the existence of an inverse relationship is evident in

ﬁ each period of hours, in 00-06, the correlation
M coefficient reaches at the moment the sulfur dioxide
- column reaches -0.45, and the relationship begins to

- weaken in the hours 06-12, and the correlation
coefficient reaches -0.41 and gradually decreases in the
hours 12-18 and 18 -23:59 min is about -0.22, -0.16,
respectively, due to a decrease in sulfur dioxide gas and
consequently the temperature returned to normal, as

Fig .2: Average sulfur dioxide (kg m?) for every
hours on the 6th of August 2019, over Libya.

e R shown in Figure 5, the relationship between
,  temperature and sulfur dioxide.
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Fig. 5: Scatterplot of SO2 (kg.m™) and
temperature (C°).

Fig . 3: Average temperature (C°%for every 6 hours
on the 6th of August 2019, over Libya. 2D kernel density Calculation Method

To compute the 2D kernel density at a point (x,y) in
relation to a function defined by datasets (vX,vY) with
scale (wx,Wy), where the values of the data set's y-variable
(Temperature C% and x-variable (SO, kg.m) are found.
Additionally, the kernel density for defined x y grids is
computed.

MATERIALS AND METHODS

Distribution of the amount SO, at the moment its
arrival in early hours of the morning of August 6,

2019. Although its quantity is small, it has an effect Density values are computed using the following
on temperature, the air works to cool (Peter L, 2009),

aris " ) . equation.
as shown in Figure 4, showing a slight cooling of the
temperature despite the fact that the month of 8 In f(x, v, vX,vY, WXny)
Libya, it is considered hot, and this is in the hours 1 1 (x — vX,)?
from 00-06, and the sulfur dioxide gas begins to = —Z—exp(— —21
gradually decrease with a noticeable increase in ne 2T Wy 2wy
temperatures during the hours 06-12, 12-18,18-23:59 (y —v¥)?
min, respectively ,using the Pearson coefficient - 2wg )

between temperature and sulfur dioxide.
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where vXi is the element in vector vX and VvYi is the
ith element in vector vY, and n is the number of
elements in vector vX or vY. The ideal values of the
bandwidths are wyand wy.

estimation wx and wy simply can be calculated by:

Ox
Wx = 2nl/6

Oy
Wy = 2nl/eé

where is g, is the sample standard variation for dataset
vX, and g, for dataset vY accordingly, (Wand, et
al.,1995).
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Fig. 6: Distribution of kernel density for the variables
SOz and temperature

To confirm the relationship between sulfur dioxide gas
and temperature, the kernel density function was used
for the two variables. It turns out that there is actually a
relationship and it is shown in Figure 6, where the high
density reaches between 8.76 x 10* _ 1.29 x 10° during
the hours of 00-06, 06-12, while it decreases. During
the hours 12-18, 18-23:59 min, it reaches 1.46 x 10* _
4.38 x 104

CONCLUSION

Global warming is a focus of interest for scientists now,
due to the heating of the surface of the planet Earth,
represented by a change in the climate processes of the
Earth and the oceans together, and the focus of attention
on reducing greenhouse gas emissions, and everything
that cools the Earth , ( K. R. Shivanna, 2022) .Therefore,
the focus was on cooling sulfur dioxide gas from a source
(natural or unnatural) for the ground temperature, even
though it is a gas that pollutes the ground and has many
harmful effects, and this is what was discussed, even
though the amount of sulfur dioxide gas is very small over
Libya compared to its natural source (Raycock), which
gave an inverse relationship in the first hours of his arrival

at 00-06, and the correlation coefficient reaches -0.45 and
gradually decreases with the decrease in sulfur dioxide
gas at the end of the day at the hours 18-23:59 and reaches
-0.16. When using the kernel density function for the two
variables, it was found that it increases in the first hours
upon the arrival of sulfur dioxide gas and reaches between
8.76 x 104 _ 1.29 x 105 and decreases in the last hours
until the end of the day.

It was found that in the case of a higher concentration of
sulfur dioxide gas, it gives a strong inverse relationship
and a decrease in temperatures occurs.
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