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Abstract:

The solar energy is the main influential factor determining the
Earth's weather and climate. This energy may be obscured due to the
eclipse of the Sun, which affects the various weather elements. This
research aims to show the extent to which these elements were
affected by the total solar eclipse that occurred on August 11, 1999,
and its impact included all of Irag, Mosul Meteorological Station was
chosen as a case study, because the moon's shadow passed directly
over it. The research was based on solar eclipse data taken from
NASA Space Research website and from the link:

Eclipse.gsfc.nasa.gov/JSEX/IJSEX-As.html.

The hourly data for weather elements was obtained from the
Iragi General Authority for Meteorology and Seismic Monitoring. It
was found that the total eclipse affects the weather elements, but to
varying degrees, as the average solar brightness for August decreased
by one hour, The temperature also recorded a decrease of 1.3°C, while
the response to atmospheric pressure was unexpected, it recorded a
decrease of 2.8 hpa, despite the lower temperatures, mainly because
the effect of gravitational waves. As for the wind, its speed increased
significantly at the beginning of the eclipse by 5 m/s, and then
decreased by 4 m/s in the last hour of it, While maintaining its
northeastern direction, which did not change during the phenomenon
As for the relative humidity, it decreased by 2% in the atmosphere.

Keywords: total Eclipse, Moon's shadow, hourly weather elements, gravitational
waves.
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Introduction:

The Sun is a mass of glowing gases and the largest object in
our solar system, It has an average diameter of 1392 million
kilometers, which is 109 times more than the diameter of the Earth.
The average of its surface temperature is 5777 °K (Al-Samarrai, 2019). The
mass of the Sun is 333,000 times greater than the mass of the Earth
(Muhammad,2008 ), and it is the main source of energy for the Earth and
the main driver of all elements of weather and climate. However, it is
exposed at specific times to-a“phenomenon called the solar eclipse,
which is one of the natural astronomical phenemena. The occurrence
of this phenomenon leads to the obstruction of.the energy coming
from the Sun towards the Earth, this in-turn will affect the aspects of
the Earth climatic system in terms of temperatures, pressure, winds,
humidity, and rain."The weather-phenomena are a result of the transfer
of energy from the Sun to-the Earth-and from the Earth to outer
space,and little is known  about-these influences. Through the search,
the researcher did not:find a single local geographical research written
in this field, The importance of the research comes from trying to find
out the amount of changes.in the response.-of weather elements to the
solar eclipse event. So this, research -came to try to answer the
following questions:

1- Does solar eclipse-affect the weather elements?

2- Will the weather.'elements response ‘to the_solar eclipse the
same?

To achieve these goals, the following can be assumed:
1- The solar eclipse affects all weather elements.

2- The response of the weather elements to the solar eclipse event
IS not the same
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Materials and Methodology:

Sources of data

To clarify this effect, Mosul meteorological station was chosen as a
case study, Tablel, Fig.1. The reason for choosing it, was because it is
the only meteorological station in Iraq that was affected by the direct
path of the Moon’s shadow on the Earth that passed through it. The
station's weather was characterized by the dominance of the
extensions of the seasonal India depression at two pressure levels,
surface and (850) hPa. while the subtropical high dominated the
atmospheres at the pressure level 500 hPaPlymouth 1999). Which led to
impeding the formation of clouds so that the atmospheres was
completely clear during a total solar eclipse.

Table 1. Astronomical Site of Mosul Station
Latitude (North) | Longitude (East) | Elevation MSL (meter)
43° 08 36° 21" 223

The Iraqi General Authority for Meteorology and Seismology, Department
of Climate, unpublished data.

The beginning of the impact of Mosul station with the total
eclipse was at 10:23:26, and the peak of the total eclipse was at
11:46:52, so that the end of the eclipse would be at 13: 01: 35 as
shown in Table 2, Note that the total eclipse at the station lasted only
less than two minutes, and the rest was within the partial eclipse.

Table 2. The timing of the total solar eclipse that Mosul station was exposed to on

11/08/1999
Type Start time Mid-time End time
Total eclipse 10:23:26 11:46:52 13:01:35

Eclipse.gsfc.nasa.gov/JSEX/JSEX-As.html
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Fig.1. A map of Iraq is showing the location of Mosul meteorological station.

Tables 3, and 4, show the effect of the solar eclipse on weather
elements
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Table 3. The average daily number of hours of solar brightness for the month of
August for the period 1967-1999

Yea Solar Yea Solar Yea Solar Yea Solar Yea Solar

r brightnes r brightnes r brightnes r brightnes r brightnes
s s s s s

196 12 197 12.2 198 11.6 198 11.3 199 11.9
7 4 1 8 5

196 12.7 197 12.6 198 11.4 198 10.9 199 11.8
8 5 2 9 6

196 12.3 197 12.7 198 11.4 199 11.8 199 11.9
9 6 3 0 7

197 12.3 197 12.6 198 11.6 199 11.1 199 11.6
0 7 4 1 8

197 12.3 197 12 198 115 199 11.1 199 10.7
1 8 5 2 9

197 11.3 197 111 198 12 199 11.3
2 9 6 3

197 12.6 198 11.7 198 11.1 199 11.8
3 0 7 4

The Iraqi General Authority for Meteorology and Seismology, Department
of Climate, unpublished data.
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Table 4. The hourly weather data for the day of the solar eclipse at Mosul station

11/8/1999
Timin Temperature Atmospheri Wlnc_l - Humidity
g °C c Pressure, | Speed | Directio %
GMT ' hPa . m/s n
00 27 1003.7 00 00 34
1 26.4 1003.7 00 00 33
2 25.9 1004.2 00 00 33
3 25.7 1004.4 00 00 30
4 28 1003.9 00 00 29
5 30.8 1003.7 00 00 26
6 34 1003.7 05 01 20
7 38.6 1003.6 06 02 19
8 40.4 1003.3 02 36 11
9 41.4 1003.3 02 35 12
10 41.6 1003.8 07 36 12
11 41.7 1001.4 07 36 12
12 40.4 1001.3 05 36 11
13 41.8 1001 03 32 10
14 41.8 1001 03 35 10
15 41.2 1001 05 35 12
16 38 1001.9 06 36 14
17 37 1002 05 35 12
18 35.6 1002.4 06 35 14
19 34 1002.5 03 35 18
20 33 1002.6 03 35 21
21 31.8 1002.9 00 00 24
22 31 1002.9 00 00 28
23 30 1003 00 00 31

Source: The Iragi General Authority for Meteorology and Seismology,
Department of Climate, unpublished data.
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Methodology

This research depended on choosing a model for the
occurrence of a total solar eclipse, which impact included all of Iraq.
The choice was for the solar eclipse that occurred on 11 / August /
1999, which was the last total solar eclipse in the twentieth century.
The type of eclipse was identified, and its numerical data was
extracted, represented by the date of its onset, its climax and its end
date, along with tracking its astronomical path through the NASA
research space website from the link.

Eclipse.qgsfc.nasa.gov/JSEX/JSEX-As.html. As for the weather data,
the monthly data for the average number of hours of solar brightness /
day during August of 1999 was used instead of hourly or daily data,
due to the deterioration of hourly data and its unavailability in Mosul
station and even in Baghdad central meteorological station. As for the
rest of the weather elements, it was relied on hourly data from the
Iragi General Authority for Meteorology and Seismic Monitoring.

Results and discussion
General Path of the Total Solar Eclipse Event:

The total eclipse began on Wednesday, August 11, 1999,
with the path of the moon's shadow on the Earth. It started from the
North Atlantic Ocean, 300 km south of the Canadian province of
Nova Scotia at exactly 9:30:57 GMT.Then it moved across Europe,
passing Plymouth,northern France, and continuing eastward to
southern Belgium, Luxembourg, Germany, and Austria. Then to
northeastern Slovenia,Budapest in Hungary, the north of Yugoslavia,
and the Romanian capital, Bucharest. It passed through the Roman-
Bulgarian border along the coast of the Black Sea in northern Turkey.
Also it passed the southeastern borders of Turkey, through the far
northeast of Syria to the northern of Iraq, and to the eastern and
western borders of Iran. It also continued to southern Pakistan, the
Arabian Sea coast adjacent to southern Pakistan. Then It passed to the
center of the Indian subcontinent. It ended in the Bay of Bengal at
13:36:23 GMT. Thus, the length of the path of the moon's shadow on
the Earth was about 13,700 Km (espenak et al. 1997), @S shown in Fig. 2.
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Fig.2. Path of the Total Solar Eclipse 11/8/1999
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The Effect of a Total Solar Eclipse on Weather Condition :
1. Solar brightness:

Table 3, and Fig. 3, show that the average number of solar
brightness hours for each day in August for a period of thirty-three
years was 11.7 hours. While its average in August of 1999 was 10.7
hours, that is, a difference of one hour. This represented a direct
response to solar eclipse event and the occlusion of the solar
brightness from reaching the Earth taking into consideration that the
average of solar brightness hours had never decreased that much in
August.
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Fig. 3 — The average daily number of solar brightness hours for August for the
period 1967-1999.
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2. Temperature:

We noted that the temperatures at the beginning of the solar
eclipse did not respond to the occultation of the Sun directly, but they
continued to increase slowly during the first hour of the beginning of
the solar eclipse, with an increase of 0.1°C, during the hour 11 GMT,
but the actual temperatures response came within the hour 12 GMT,
that was, an hour and thirty-seven minutes after the start of the eclipse.
Therefore, the temperature decreased to 40.4 °C, after it was 41.7 °C
during the previous hour. a decrease of 1.3 °C, so that the temperature
returned to increase during the hour 13 GMT, which represented the
end of the solar eclipse, and the temperature returned to increase,
which records 41.8 °C, with an increase of 1.4 °C.

Fig 4, shows the late temperature response was because the
Earth's atmosphere is a good insulator, which means that it does not
exchange heat easily. Although the Sun's rays were blocked, the long-
wave terrestrial radiation was still gradually heating the air. Which
means that there was a Thermal inertia of the Earth's surface and the
variation flux of both solar brightness and terrestrial radiation,.
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Fig. 4 — Hourly path of temperature in °C during a solar eclipse of August 11,
1999.
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3. Atmospheric Pressure:

The response of the atmospheric pressure to the solar eclipse
and the occultation of the Sun's rays was also slow at the beginning, as
the pressure was recorded at the station 1003.8 hpa during the first
hour of the eclipse. Thus, it recorded a slight increase compared to the
hour before the beginning of the eclipse 1003.3 hpa (as in
Temperature). an increase of 0.5 hpa. Then it began to decrease
clearly during the second hour of the solar eclipse, at 11 GMT, which
recorded 1001.4 hpa, with a decrease of 2.4 hpa. With the solar eclipse
continuing, the pressure continued to decrease slowly to record 1001.3
hpa with a decrease of 0.1 hpa at 12 GMT.

In the last hour of the eclipse, the pressure continued to
decrease to 1001 hpa, with a difference of 0.3 hpa from the previous
hour, knowing that the solar eclipse lasted for one minute and thirty-
five seconds after 13 GMT. And the pressure continued to decrease
even after one hour Fig.5. This was an abnormal response to
atmospheric pressure and not consistent with lower temperatures, as
the values of atmospheric pressure were supposed to increase in
response to the cooling process that occurred during the solar eclipse.
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The reason for this was that the cooling resulting from the solar
eclipse generated waves called gravitational waves or solar tides in the
atmosphere that emanate from areas that were exposed to the
occlusion of the Sun during the solar eclipse. Which in turn affected
the atmospheric pressure (. chimonas. 1970),( Chimonas et al.1970),( Anderson et al.1975).

During a solar eclipse, solar energy was prevented or blocked
from reaching the Earth, and this led to the cooling of the layers of the
atmosphere that usually absorbed solar brightness. Since the eclipse
shadow traveled within the atmosphere at supersonic velocity, this
cooling generated a planetary-scale bow wave of internal gravity
waves. That led to fluctuations in the surface atmospheric pressure
resulting from the passage of the total solar eclipse (uiien et al. 2018).

Fig. 5 — Hourly path of atmospheric pressure in hpa during a solar eclipse of
August 11, 1999
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4. Wind:

The wind recorded a remarkable acceleration, starting from
the first hour of the solar eclipse, to record 7 m /s afteritwas2 m/s
prior to the beginning of the solar eclipse, that was an increase 5 m/s.
This continued during the second hour of the eclipse, to decrease to 5
m /s and 3 m /s, during the two hours 12-13 GMT, respectively.
Thus, it was, direct proportional to temperature and inversely
proportion to pressure.
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As for the direction of the wind, it did not change, but rather

it continued in the northeastern direction during and after the solar

eclipse period, with the presence of hours during which the wind were
still, especially at the beginning and end of the day as shown in Fig 6.

Fig. 6 — Hourly path of the wind in m/s during a solar eclipse of August 11,
1999.
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5. Relative Humidity:

The relative humidity gradually decreased starting from 12
GMT, as it recorded 11% after it was 12% one hour before the
beginning of the solar eclipse.Then it decreased by the same
percentage during the first and second hours of it, to be a 1%
decrease.The same decrease percentage was recorded during the last
hour of the solar eclipse event to reach 10%.Then it returned to a
gradual increase one hour after the solar eclipse ended, to score 12%.
Fig 7.

Fig. 7 — Hourly path of the relative humidity in Mosul Station during a solar
eclipse of August 11, 1999.
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Conclusions:

1- The elements of weather did not show a similar response to the solar eclipse
event.

2- The solar brightness response was evident to the solar eclipse through a
decrease in hours of brightness.

3- The atmospheric pressure response was negative as it decreased despite the
decrease in temperatures due to the internal gravitational waves associated with
their occurrence in the solar eclipse event, which is responsible for fluctuations
in surface air pressure.

4- The temperatures did not show a quick and direct response to the occultation of
the Sun, as temperatures continued to increase during the onset of the solar
eclipse event and did not decrease until twelve o'clock.

5- A non-rapid response to the relative humidity, which did not appear until 12
GMT, in the form of a slight decrease in its rate, which lasted up to an hour
after the end of the eclipse event.

6- The wind response was rapid and noticeable since the first and second hours
of the solar eclipse, and compatible with increasing temperatures That
generated a turbulent movement contributed to increasing the wind speed.
However, its speed had slowed down in the last two hours of the solar eclipse
starting at 12 GMT, which witnessed a decrease in temperatures too.
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