
13 
 

Response of Egyptian Observatories to the Intense Storm on April 23, 2023 

  

Aalaa Samy, Tareq Fahmy Abdullatif, Marwa Shaheen 

  
Geomagnetic laboratory, Geomagnetic and Geoelectric Department, National Research Institute of Astronomy and Geophysics (NRIAG), 

11421 Helwan, Cairo, Egypt. 

Abstract 

A comprehensive study was conducted to assess the response of the Egyptian magnetic 

observatories (Misallat ‘MLT’ & Abu Simble ‘ABS’) to the intense storm that occurred on 

April 23, 2023. This storm is currently recognized as the second most intense storm within the 

Solar Cycle 25. The storm has caused significant fluctuations in the components of the Earth's 

magnetic field  (X, Y, and Z). This study includes data from the Egyptian observatories (MLT 

& ABS), the GOES-16 satellite, and nearby observatories in Alergia and Greece (TAM and 

PEG). Unlike previous studies that have focused on the impacts of magnetic storms on regional 

magnetic field observations, this research provides a significant approach and additional value 

by examining the response of local Egyptian observatories to such important phenomena. The 

data collected from the Egyptian observatories was correlated with other data sets from TAM,  

PEG, and the GOES-16 satellite. The GOES-16 data showed a significant response due to the 

interaction of the satellite with the incoming solar wind stream in the plasma medium. Ground 

observatories also recorded simultaneous behavior in the observed components, with the 

highest level of disturbance on April 23rd. However, some long-period changes were still 

visible due to typical diurnal variation. To extract variations within the magnetic pulsations 

range, magnetic data was subjected to appropriate filtering techniques. High-pass filtering was 

applied by subtracting a time series moving average with a window of 100 samples from the 

measured time series. The study revealed storm-generated pulsations in the magnetosphere, 

with maximum pulse amplitudes of -101nT for Goes16, 13nT for MLT, and 7nT for ABS 

observatories. The power spectrogram showed pulsations that occurred in the recovery phase 

of the magnetic storm. The results of this study have significant implications for improving our 

understanding of space weather physics, forecasting, and mitigation procedures required. 
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1- Introduction: 

Space weather is caused by the huge 

amount of energy naturally emitted by the 

Sun, which, in turn, reaches the Earth 

through the solar wind. This energy 

interacts impressively with the Earth's 

magnetic field and causes a disturbance 

that is known as a magnetic storm. 

Although humans may not feel these 

disruptions, they can have a serious 

impact on electrical infrastructure, 

interfere with radio communication, and 

even can affect GPS systems, and 

sometimes cause temporary outages of 

power stations (Gaunt and Coetzee, 

2007) and disruption of satellite 

operation.  

Furthermore, high-altitude pilots and 

astronauts may be exposed to excessive 

radiation levels during the occurrence of 

these events (i.e. magnetic storms). It is 

therefore very important to study these 

events to understand how the space 

weather phenomena behave and to 

develop all possible strategies for 

necessary mitigation measures. This is 

importantly needed for a safe and modern 

society. Geomagnetic observatories 

around the world can monitor such events 

in real time, providing invaluable 

information for understanding their 

behavior, effects, and implications.  

The intense storms are caused by 

various phenomena such as solar coronal 

mass ejection (CME), solar flare, co-

rotating interaction region (CIR), fast 
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stream, and more. CME is the release of 

billions of energetic particles from the sun 

along with its magnetic field. It takes 

usually a few days to reach the Earth, but 

in some cases, the most intense storms 

have been observed within 18 hours. The 

ideal solar wind conditions for creating 

geomagnetic storms are sustained periods 

of high-speed solar wind, lasting several 

to many hours, and a southward-directed 

solar wind magnetic field (opposite to the 

direction of Earth's magnetic field) at the 

dayside of the magnetosphere occurring 

magnetic reconnection. This reconnection 

effectively transfers energy from the solar 

wind into Earth's magnetosphere 

(Gonzalez et al., 1994). The storm’s 

intensity can be measured using various 

indices such as the Kp index or the 

disturbance storm time (Dst) index, which 

quantify the disturbance in Earth's 

magnetic field. 

The study of geomagnetic storms has a 

long history dating back to the early 1800s 

when von Humboldt (Humboldt and 

von, 1808) first recorded observations of 

magnetic storms. Furthermore, he 

introduced the term "magnetic storm" (or 

"magnetischen Stürme"), among other 

scientific terminologies (Korte and 

Mandea, 2019). Since then, many 

researchers have conducted studies on this 

topic, including those conducted since the 

turn of the millennium. For instance, 

Vieira et al. (2001) studied the 

development of geomagnetic storms, 

analyzing three types of magnetic clouds 

and finding that 20% of intense storms 

grow in their main phases in three or more 

steps. Metallinou et al. (2004) examined 

the relationship between energy 

dissipation during storms and substorms 

by analyzing 53 magnetic storms with 

peak SYM H values ranging from -50 to -

350 nT utilizing SYM H and AL 

geomagnetic indices. The study 

discovered a strong correlation between 

storm and substorm energy dissipation (r 

= 0.928), indicating a high level of 

coupling between the two.  Lakhina et al. 

(2006) studied the effects of intense 

magnetic storms on spacecraft operation, 

navigation, and telecommunication 

during the periods of October 29-31 and 

November 20-21, 2003. They also 

discussed the relationship between storms 

and substorms. Ghamry et al. (2016) 

conducted a study on four geomagnetic 

storms that occurred between February 18 

and March 2, detecting Pi2 pulsation at 

various observatories including the 

Egyptian observatories, and analyzing 

Van Allen's mission during this period. 

Arafa-Hamed et al. (2019) used a 3-axis 

fluxgate magnetometer to monitor 

magnetic phenomena during a magnetic 

storm from March 26 to March 29, 2017, 

in Ulu-Slim, Malaysia. The study found 

that the onset of the storm was observed 

on March 28, and noted the absence of 

typical diurnal variation of total field 

intensity. In addition, pulsation 

enhancement was found to be common 

around noon and continuous on March 

28th due to magnetotail activities during 

the local night, with the magnetospheric 

breathing captured twice. Nahayo et al. 

(2019) examined the response of southern 

African magnetic observatories to the 

Saint Patrick's Day storm and explored 

how this network of observatories could 

be utilized to model induced electric 

fields. The study uncovered discrepancies 

between global and local indices and 

demonstrated that these differences 

fluctuate in the storm's various phases. 

This information is crucial for monitoring 

anomalous currents caused by 

geomagnetic storms, which can 

potentially damage power distribution 

infrastructure. 

It became clear that a key focus of 

space physics research was to investigate 

the processes by which the magnetosphere 

generates both storms and substorms in 

response to fluctuations in solar wind 

strength. This includes examining how the 

magnetosphere responds to energy 

absorption from the solar wind, leading to 

the emergence of two distinct phenomena 
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– geomagnetic storms and 

magnetospheric substorms (Akasofu, 

2021). However, the study of 

geomagnetic storms is a significant 

challenge in space physics for several 

reasons. First, each magnetic storm has 

distinct features and general 

characteristics. Second, the occurrence of 

magnetic storms is influenced by various 

factors such as solar wind parameters, 

space weather conditions, geographic 

coordinates, local time, and the phase of 

the solar cycle (Chernogor, 2024). 

Therefore, this study focuses on the 

response of the Egyptian observatories 

(MLT & ABS) to the intense magnetic 

storm that occurred on April 23, 2023, 

including the onset, peak intensity, 

duration, and associated solar wind 

conditions. This storm is currently 

considered the second most intense storm 

in the Solar cycle 25. In addition, a 

comparison of data from the Egyptian 

observatory, the nearest 

INTERMAGNET observatories, and the 

respective satellite will be conducted.  

The research  is organised as follows: 

Section 2 covers the data sources and sets. 

Section 3 discusses the solar wind 

conditions and how the Egyptian 

observatories and INTERMAGNET 

station responded to the intense storm. 

Section 4 describes the observed 

phenomena during the storm. In Section 5, 

the results are discussed. Finally, Section 

6 provides a conclusion. 

 

2- Data Sources: 

The  data sources utilized in this 

research include: 1. Egyptian observatory 

data, available from MLT and ABS 

observatories. 2. INTERMAGNET, the 

International Real-time Magnetic 

Observatory Network  that provides 

observatory data worldwide. 3. The GFZ 

website, offers data for the Kp index 

(Matzka et al., 2021). 4. The WDC Kyoto 

website, where Dst data can be accessed. 

5. Magnetic satellite data from the GOES-

R series, provided by the National 

Oceanic and Atmospheric Administration 

(NOAA). 6. Solar wind parameters 

obtained from NASA Space Physics Data 

Facility website (Natalia and Joseph, 

2020). 

 

Data from two Egyptian geomagnetic 

observatories, the Misallat Observatory 

(MLT) and the Abu Simbel Observatory 

(ABS), were used for comparison with 

other data from nearby  observatories 

belonging mainly to The 

INTERMAGNET network, the 

Tamanrasset Observatory (TAM) in 

Algeria and the Pedeli Observatory (PEG) 

in Greece. Figure (1) provides a location 

map of the four observatories associated 

with this study. Table (1) summarizes 

their basic information and related details.  

 

Figure 1: The Egyptian observatories 

are highlighted in red, while the nearest 

INTERMAGNET stations are marked in 

dark blue. 
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Table 1: The Egyptian geomagnetic observatories and the two INTERMAGNET stations 

IAGA 

Code 
Name 

Count

ry 

Geographic 

Coordinates 

Magnetic 

Coordinates Institute(s) 

Lat. Long. Lat. Long. 

MLT Misallat 

Egypt 

29.5N 30.9E 
28.9

N 

108.8

E 
*National Research of 

Institute of Astronomy and 

Geophysics (NRIAG) 

ABS 

not 

includ

ed 

Abu 

Simbel 
22.5N 31.5E 

19.5

N 

107.7

E 

TAM 
Tamanras

set 

Algeri

a 
22.8N 5.5E 

24.4

N 
82.2E 

*Institut de Physique du 

Globe de Paris (IPGP) 

*Centre de Recherche en 

Astronomie, 

Astrophysique et 

Geophysique (CRAAG) 

PEG Pedeli Greece 38.1N 23.9E 
36.4

N 

103.6

E 

*Institute of Geology and 

Mineral Exploration 

(IGME) 

 

3- Analysis and Results 

3.1. Sun and solar wind activity: 

On April 21st, 2023, the energetic Solar 

Active Region, known as NOAA AR 

13283, located at S20W15, erupted a halo 

Coronal Mass Ejection (CME). This CME 

moved towards the Earth and generated an 

intense geomagnetic storm on April 23rd 

at 19:26 UT (Ghag et al., 2024). The 

storm was particularly severe and caught 

the attention of scientists and space 

weather forecasters worldwide. Figure 

(2) illustrates the generation mechanism 

of geomagnetic storms and auroral 

substorms when solar wind disturbances 

penetrate the magnetosphere. The 

diagram (Fig. 2) is modified after 

Akasofu (2021) and applied to the 

magnetic storm of April 23, 2023. The 

diagram includes 2a- a large coronal hole 

in the sun's southeast, 2b- an image of the 

sun captured at 304 angstroms, 2c- a 

cross-section of the magnetosphere 

showing solar wind and magnetic field 

lines, 2d- the AE index of the storm 

indicating depression in the Earth's 

magnetic field, and 2e- the appearance of 

aurora in high-latitude regions due to the 

storm.  
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Figure 2: The mechanism of geomagnetic storms and auroral substorms generation when 

the magnetosphere receives solar wind disturbances as input. This diagram is modified after 

Akasofu (2021) and applied to the magnetic storm on April 23, 2023. a) a large coronal hole 

in the sun's southeast-NASA's Solar Dynamics Observatory (SDO). b) An image of the sun 

captured at 304 angstroms by the Atmospheric Imaging Assembly (AIA 304), which shows 

the location of AR 13283 as the source region of the CME eruption that took place on April 

21, 2023, at 18:00 UT-SDO. c) A cross-section of the magnetosphere that displays the solar 

wind (in yellow) on the left and the magnetic field lines originating from the Earth (in blue) 

in response to the CME eruption-Emmanuel Masongsong/UCLA EPSS/NASA. d) The AE 

index of the concerned storm indicates the depression in the Earth's magnetic field - WDC. 

e) The appearance of aurora in high-latitude regions due to the storm-NOAA. 

 

The interplanetary medium showed a 

moderate to high level of solar wind 

activity due to the interaction of CME 

with the Earth’s magnetosphere. In 

Figure (3), the evolution of the intense 

storm is depicted through the 

representation of seven solar wind 

parameters on a 1-minute basis. These 

parameters comprise the interplanetary 

total magnetic field (IMF B), the south 

component of the interplanetary magnetic 

field (IMF Bz), velocity (V), density (D), 

temperature (T), dynamic pressure (P), 

and electric field (Ey). During periods of 

low activity, the intensity of the IMF B 

and Bz components typically does not 

exceed ±5 nT. However, there was a 

significant increase in these components 

during the intense storm with IMF Bmax ≈ 

40 nT On April 24th, 2024 at 03:30, IMF 

Bmin ≈ 5 nT, Bzmax ≈ 28 nT, and Bzmin ≈ – 

36 nT on Apr 24th at 02:30 UT during the 

interaction of the CME with the inner 

magnetosphere. Likewise, the solar wind 

velocity was observed at a background 

level of 330-400 km/s before the storm. 

During the storm, the velocity increased 

by 751.7 km/s on April 23rd at 21:30 UT. 

Similarly, the proton density peaked at 30 

n/cc on Apr 23rd at 19:30 from a 

background level of 1-23 n/cc due to the 

interaction with the interplanetary 

structure. The temperature also increased 

by 31x10^5 K from a background level of 

1-2x10^5 K. These changes were 

accompanied by an increase in the 

dynamic pressure of 19.48 nPa from a 

background level of 1-3 nPa and an 

increase in the electric field of 10 mV/m 

from a background level of 1-4 mV/m. 
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Figure 3: The changes in solar wind parameters due to the ICME interaction with the plasma 

in the interplanetary medium caused an intense storm on April 23-24, 2023. This interaction 

caused changes in various solar wind parameters showing the following variations: (a) the 

total interplanetary magnetic field (IMF B), (b) the variation in the south component of the 

IMF (IMF Bz), (c) the solar wind velocity, (d) the solar wind density, (e) the solar wind 

temperature, (f) the solar wind pressure, and (g) the solar wind electric field.  

3.2. Geomagnetic Activity: 

3.2.1. The Magnetic Indices: 

The magnetic indices indicate the 

activity level in the Earth's magnetic field 

during certain periods. These indices are 

derived from magnetometer records in 

geomagnetic observatories, as explained 

by McPherron in 1995 (McPherron, 

2005). There are various types of indices, 

but only the kp and Dst indices will be 

discussed in this study. Briefly, the 3-hour 

K integer index was introduced by 

Bartels in 1938. It is used to measure the 

range of irregular and rapid storm-time 

magnetic activity. On the other hand, the 

Dst index developed by Sugiura in 1964  

is used to measure the intensity of the ring 

current. 

On the afternoon of April 23, 2023, an 

intense storm occurred and caused a 

severe G4-level geomagnetic disturbance, 

lasting approximately 21 hours during the 

main phase. This was the first two-step 

severe geomagnetic storm in the Solar 

Cycle 25 caused by a coronal mass 

ejection that arrived the Earth at 19:26 

UTC on April 23, 2023 (Ghag et al., 

2024).  

The storm affected the geomagnetic 

indices, including the kp and Dst indices. 

The kp index is represented in the top 

panel of Figure (4) and indicates the level 
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of magnetic disturbance. The color of the 

Kp index indicates the level of 

disturbance, with green being quiet (0-3), 

yellow being moderate (3-6), and red 

being active (6-9). The background Kp 

index varied in magnitude from 0 to 3, but 

it increased from 4 to 8.3 on the afternoon 

of April 23, 2023, before decreasing back 

to 3 on the afternoon of April 24, 2023. 

During the main phase of the storm, the 

Kp index values rose to a maximum of 

8.33. 

The Dst index, on the other hand, is 

represented in the bottom panel of Figure 

(4). Before 09:00 UT on April 23, 2023, 

the magnitude of Dst varied from -14 nT 

to -8 nT. Between 09:00 UT and 21:00 UT 

on April 23, 2023, its magnitude 

decreased from -27 nT to -165 nT. There 

was a further decrease from -165 nT to -

213 nT between 01:00 UT and 05:00 UT 

on April 24, 2023. After that, the strength 

of Dst increased from -213 nT to -56 nT 

at 23:00 UT on April 24, 2023, indicating 

a strong and long-lasting geomagnetic 

storm. The storm lasted for approximately 

21 hours during the main phase, followed 

by a prolonged recovery phase on April 

25, 2024. 

 

Figure 4: a) The Dst index started to decrease around 08:00 UT on April 23. It reached its 

value of -213 nT at 05:00 UT on April 24, indicating a strong and long-lasting geomagnetic 

storm. The main phase of the storm lasted for approximately 21 hours, followed by a 

prolonged recovery phase on the next day (April 25, 2024). b) The histogram displays the 

distribution of Kp index values, where red, yellow, and blue bars represent index values of 

0-3 for quiet, 3-6 for moderate, and 6-9 for active, respectively. During the main phase of the 

storm, the Kp index values rose to a maximum of 8.33, indicating a severe G4-level 

geomagnetic storm according to space weather classification. 

 

3.2.2. The Egyptian Geomagnetic 

Observatories Response: 

The observatories in Egypt recently 

detected significant fluctuations in the 

three components (X, Y, and Z) of the 

Earth's magnetic field. To investigate this 

further, magnetic data from GOES-16 and 

the closest observatories TAM and PEG 

were used. Figure (4) indicates the time 

series from 00:00 UT April 23, 2023, to 

00:00 UT April 25, 2023, and displays the 

response of the Egyptian geomagnetic 

observatories, GOES-16 satellite, and the 

TAM and PEG observatories to the 
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intense storm that occurred on April 23, 

2023. The upper, middle, and lower 

panels represent the variation of the Z, Y 

and X components, respectively. The y-

axes have been removed to reveal the 

signature behavior in space and on the 

ground. The scale is shown in the lower 

panel.  

According to data from the magnetic 

storm catalogue of Kakioka Magnetic 

Observatory, a sudden storm began at 

17:35 UT on April 23, 2024, with the 

main phase occurring at 21:00 UT. The 

recovery phase lasted until 04:00 UT on 

April 25, 2024. The GOES-16 data 

revealed a significant response due to the 

satellite's presence in the plasma medium, 

which resulted from the interaction with 

the incoming solar wind stream. 

Additionally, the ground observatories 

also recorded simultaneous behavior in 

the observed X, Y and Z components, 

indicating the highest level of disturbance 

on April 23rd. Despite this, some long-

period changes were still visible due to the 

typical diurnal variation. Thus, the period 

from noon on April 23rd to noon on April 

24th marked the maximum effect of the 

magnetic storm that occurred following 

the injection of solar-wind particles into 

the magnetosphere. 

 

Figure 5: The response of the GOES-16 

satellite, Egyptian geomagnetic observatories, 

PEG, and TAM observatories to the April 23, 

2023 intense storm. The upper, middle and lower 

panels represent the variation of the Z, Y and X-

components, respectively.  All plots have a 

provided scale of 320nT. 

 

3.2.3. Observed Phenomena: 

Geomagnetic Pulsations 

In 1861, the first recorded observations 

of pulsations in the Earth's magnetic field 

were made by Stewart, 1861. These 

pulsations, known as ultra-low frequency 

(ULF) waves, have periods ranging from 

0.2 to 600 seconds. In 1963, during the 

Berkeley Meeting, IAGA recommended 

two types of magnetic pulsations based on 

their forms: continuous (Pc) and irregular 

(Pi). Subsequently, sub-classifications 

were recognized based on the periods of 

the pulsations, which were designated as 

Pc1 to Pc5 and Pi1 to Pi2 (McPherron, 

1995 and Glassmeier et al., 2009). 

Picking up the magnetic pulsations 

associated with a geomagnetic storm is 
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considered critical and important in this 

study. Pulsations provide additional storm 

parameters and play a vital role in space 

weather forecasting. These pulsations also 

aid in the diagnosis of Earth's 

magnetosphere by indicating substorm 

onsets and intensifications. Additionally, 

they assist in determining plasma density 

and tracking plasmapause temporal 

variations (Saito et al., 1976) and (Menk 

et al., 2004). 

Despite being pulsations classified as 

ULF Magneto Hydro Dynamic waves 

(MHD), geomagnetic pulsations have a 

higher frequency compared to the long-

period diurnal variations that are usually  

observed at the observatory. As a result, it 

is essential to filter the recorded magnetic 

data to extract variations with periods 

within the acceptable magnetic pulsations' 

range. With a sampling rate of 1Hz, the 

Pc1 types cannot be considered due to the 

restricted Nyquist frequency (Arafa-

Hamed et al., 2019). The high pass 

filtered data F(tp) is obtained by 

subtracting a moving average time series 

with a window of 100 samples from the 

measured time series (Ft). 

𝑭(𝒕𝒑) = 𝑭𝒕 −
∑ 𝑭𝒕𝒕+𝟓𝟎
𝒕−𝟓𝟎

𝟏𝟎𝟎
……….(1) 

 

Figure 6: The total magnetic field (F) 

recorded by GOES-16 (lower panel). The 

middle panel displays the power 

spectrogram of the magnetic pulsations 

after applying a high-pass filter. The 

upper panel depicts the magnetic 

pulsations resulting from filtering out the 

long-period diurnal variation. The upper 

and middle panels demonstrate a clear 

increase in pulsation intensity after the 

onset of the storm. Despite the recovery 

of the typical diurnal variation on April 

24th, the intense occurrence of pulsations 

persisted as indicated by the three panels. 

In Figures (6, 7, and 8), the upper 

panels display high-frequency signals 

(Ftp) that reveal a distinct amplification of 

pulsations from the onset of the storm on 

April 23 at 17:35 UT to April 24 at 

midnight UT. This amplification is a clear 

indication of storm-generated pulsations 

in the magnetosphere, with maximum 

pulse amplitudes of -101nT at 

approximately 18:30 UT on April 23 for 

GOES-16, 13nT at around 04:00 UT on 

April 24 for MLT, and 7nT at about 04:00 

UT on April 24 for ABS. In the middle 

panels of Figures (6, 7, and 8), the power 

spectrogram calculated for the pulsation 

signal is displayed, reflecting the change 

in frequency content with time 

(Schillinger and Papadopoulos, 2010). 

The spectrogram helps to interpret the 

continuous intensive pulsations observed 

from the storm onset until around 09:00 

UT the next day. In the lower panel of 

Figures (6, 7, and 8), the pulsation graph 

in correlation with the total field, F, 
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provides a general overview of how 

pulsations are indicative of magnetic 

storms. Although the diurnal variation 

form of the total field is almost recovered, 

the sustained occurrence of intensive 

pulsations reveals the ongoing magnetic 

storm. It is worth noting that despite the 

noise present in both Egyptian 

observatories MLT and ABS (Samy and 

Arafa-Hamed,  2023), the pulsations are 

still clearly observed. 

 

 

 

Figure 7: The total magnetic field (F) recorded by MLT (lower panel). The middle panel 

displays the power spectrogram of the magnetic pulsations after applying a high-pass filter. 

The upper panel depicts the magnetic pulsations resulting from filtering out the long-period 

diurnal variation. The upper and middle panels demonstrate a clear increase in pulsation 

intensity after the onset of the storm. Despite the recovery of the typical diurnal variation on 

April 24th, the intense occurrence of pulsations persisted as indicated by the three panels. 

 
Figure 8: The total magnetic field (F) recorded by ABS (lower panel). The middle panel 

displays the power spectrogram of the magnetic pulsations after applying a high-pass filter. 

The upper panel depicts the magnetic pulsations resulting from filtering out the long-period 

diurnal variation. The upper and middle panels demonstrate a clear increase in pulsation 

intensity after the onset of the storm. Despite the recovery of the typical diurnal variation on 

April 24th , the intense occurrence of pulsations persisted as indicated by the three panels. 
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We utilized the magnetic data of 

GOES16, MLT, and ABS to conduct a 

thorough analysis to investigate the Pc5 

pulsation. This type of pulsation typically 

lasts a few minutes, with a period ranging 

from 150 to 600 seconds. Its rotation 

direction is usually counterclockwise in 

the morning and clockwise in the evening, 

as noted by Sano in 1963. Due to its 

significant amplitudes and long periods, it 

is the most easily detectable ULF wave. 

Even magnetograms with low sensitivity 

and sampling rates as low as 1 minute can 

detect it. In addition, the Pc5 pulsation 

plays a critical role in the acceleration of 

electrons to relativistic energies in the 

outer radiation belt through the process of 

drift resonance, as demonstrated by 

Elkington et al. (1999) and Degeling et 

al. (2007). 

 

To capture Pc5 pulsations, a band-pass 

filter with a passband frequency ranging 

from 1.67 mHz to 6.7 mHz was utilized. 

In Figure (9), the total magnetic field (F) 

is illustrated in blue, while the 

corresponding ULF Pc5 pulsation band is 

highlighted in red. Figure (9a, b and c) 

represents the GOES-16 satellite data, the 

MLT and ABS ground observatory data. 

During storm time, the Pc5 is observed to 

be enhanced in both satellite and ground 

data, as evidenced by the general 

similarity of the signals in the MLT and 

ABS observatories. The band-pass filter 

indicates that the main peak appears at 

around 18:30 UT on April 23 for the 

GOES-16 satellite and 04:30 UT on April 

24 for the MLT and ABS ground stations. 

It is noteworthy that the Pc5 maximum 

amplitude exceeds 15 nT for GOES-16, 

10 nT for MLT, and 5 nT for ABS. 

 

 
Figure 9: The total magnetic field F (raw data) in blue and the corresponding ULF Pc5 

pulsation (bandpass filtred) in red. a) GOES-16 satellite, b) MLT observatory, c) ABS 

observatory. 
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4- Discussion 

The geomagnetic storm that occurred 

on April 23, 2023, was one of the most 

intense events observed during the solar 

cycle 25 associated with ICME 

(Habarulema et. al., 2024). Discussing 

the analyzed data collected from satellites 

and ground-based observatories is an 

important step that contributes to 

improving our understanding of the 

response of Egyptian observatories (MLT 

& ABS) to the effect of this storm, in 

particular, studying the behavior of the 

component of the Earth's magnetic field 

during the storm. 

The storm was characterized by a 

significant increase in the Kp index up to 

8.33 and a sharp decrease in the Dst index 

down to -213 nT. This indicates a severe 

disturbance in the Earth's magnetosphere, 

with the storm lasting for 21 hours 

followed by a prolonged recovery phase. 

The observed fluctuations in the X, Y, and 

Z components of the magnetic field at the 

Egyptian observatories are consistent with 

the global-scale effects of this intense 

geomagnetic storm. 

Remarkably, the response recorded by the 

GOES-16 satellite showed a more 

pronounced signature compared to the 

ground-based observatories. This is likely 

due to the satellite's direct interaction with 

the incoming solar wind stream in the 

plasma medium, which can induce 

stronger magnetic perturbations. While, 

the ground-based observatories, still 

record significant disturbances. The 

results of the applied high-pass filter 

revealed that the storm generated 

pulsations with maximum amplitudes of -

101 nT for GOES-16, 13 nT for MLT, and 

7 nT for ABS. The power spectrogram 

analysis further confirmed the presence of 

pulsations indicative of magnetic storm 

activity, including enhanced Pc5 

pulsations. 

The enhanced Pc5 pulsations observed in 

both satellite and ground-based data 

during the storm period are particularly 

noteworthy. These pulsations are detected 

during the recovery phase of the storm as 

proven by Setsko et al. (2023). These 

long-period pulsations can have 

significant implications for the operation 

of power networks and other technology-

based systems, as they can induce 

geomagnetically induced currents (GICs) 

that can disrupt infrastructure (Despirak 

et al., 2024). The maximum amplitude of 

Pc5 observed in this study exceeded 15 nT 

for GOES-16, 10 nT for MLT, and 5 nT 

for ABS, emphasizing the possibility of 

severe effects of space weather in the 

Egyptian territory. The findings of this 

study have important implications for our 

understanding of space weather 

phenomena and their effects on 

technological systems, particularly in the 

Egyptian context. The comprehensive 

dataset, incorporating both satellite and 

ground-based observations, provides 

valuable observations that can contribute 

to improving space weather forecasting 

and developing mitigation strategies to 

protect critical infrastructure. 

Furthermore, the data from the Egyptian 

observatories used in this analysis can 

play a vital role in advancing our 

knowledge of the spatial and temporal 

dynamics of geomagnetic storms. The 

unique geographic location of these 

observatories, situated at relatively low 

latitudes, offers an opportunity to study 

how magnetic disturbances propagate and 

manifest in this region, which is often 

underrepresented in the wider landscape 

of space weather research. 

 

5- Conclusion: 

Studying the response of Egyptian 

observatories (MLT & ABS) to the intense 

storm on April 23, 2023, is extremely 

important to assess their performance 

during such an important space event that 

often does not regularly occur with this 

noticeable intensity. 
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The occurrence of this storm, which is 

recognized as the second most intense 

storm within the Solar cycle 25, enabled 

researcher all over the world to carry out 

several studies and analysis to develop 

and update their knowledge and 

catalogues in the field of magnetic 

observations whether on the ground or in 

the space. 

This study analyzed and investigated the 

response of the Egyptian observatories in 

Fayoum (MLT) and Abu Simbel (ABS) to 

the intense geomagnetic storm of  April 

23, 2023. The storm is characterized by 

high Kp (8.33) and low Dst (-213 nT) 

indices, lasting 21 hours with a prolonged 

recovery phase. The analysis of magnetic 

data includes data sets from GOES-16 

satellite, and ground-based observatories 

of Egypt (MLT & ABS), Algeria (TAM), 

and Greece (PEG).  

According to the statistical analysis 

applied to all data sets collected from 

different sources, this study concluded the 

importance of continuous monitoring and 

analysis of geomagnetic data, especially 

from observatories in understudied 

countries like Egypt. The results  can be 

summarized as follows: 

• Egypt's geomagnetic observatories 

indicated significant fluctuations in 

the components (X, Y, and Z) of the 

Earth's magnetic field on April 23, 

2023. 

• The GOES-16 data showed a 

significant response due to the 

satellite's interaction with the 

incoming solar wind stream. 

• Ground observatories (MLT, ABS, 

TAM, and PEG) also recorded 

simultaneous behavior in the 

observed components, with the 

highest level of disturbance on April 

23rd. 

• The application of high-pass filtering 

was truly useful and important to 

extract variations within the magnetic 

pulsations' range,  revealing storm-

generated pulsations with maximum 

amplitudes of -101 nT for GOES16, 

13 nT for Misallat (MLT), and 7 nT 

for Abu Simbel (ABS). 

• Power spectrogram analysis 

confirmed the presence of pulsations 

indicative of magnetic storm activity, 

including enhanced Pc5 pulsations 

during the storm. 

• The findings have significant 

implications for the importance of 

Egyptian observatory data in 

improving the understanding of space 

weather physics, forecasting, and 

mitigating its effects. 
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