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Abstract 

Seismo-ionospheric abnormalities are typically detected using total electron content (TEC) 

measurements taken from satellites. In this study, global positioning system (GPS) - TEC data from 3 

sites in the seismic zone of the magnitude 7.8 Turkey earthquake (EQ) of February 6, 2023, were 

examined with the ultimate aim of detecting their possible link with the impending seismic event, to 

mitigate loss of lives and property. For the purpose of finding abnormal and differential TEC, a 

statistical approach was applied to daily TEC ten days pre- and ten days post the seismic event. The 

results showed that the investigation period days 1, 4, 8, and 9 showed enhancement in diurnal TEC, 

and that KABR and CSAR sites were the only sites that registered aberrant TEC. Results of the 

analysis, constrained by information from contemporaneously monitored geomagnetic indices of 

Kernnifzer digit (kp), disturbance storm time (Dst), and solar indices (sunspot number (SSN) and 

F10.7 cm), indicated post-seismic induced anomalies related to the earthquake on the 8th and 9th days 

after the event. The TEC differential data were notably high four days post-event. This led to the 

mapping of TEC indices on February 9 and 10, 2023, above the EQ epicenter to investigate 

anomalous coordinated universal time (UTC) hours correlating with the earthquake. The global 

ionospheric map GIM-TEC did not link the occurrence of anomalous ionospheric clouds over the 

epicenter to the seismic event. This work revealed post-seismo-ionospheric variations through GPS-

TEC data concomitant to the M7.8 Turkey geo-quake of February 6, 2023, which served as a short-

term earthquake indicator that may have mitigated the catastrophic loss of lives and properties from its 

numerous aftershocks. The perturbations on the 8th and 9th days post-event served as precursors to the 

M6.4 February 20th earthquake. 

https://rejost.com.ng 
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 1.0 Introduction 

A catastrophic earthquake with magnitude (M) 

7.8 on the Richter scale struck Southern Turkey 

at about 01:17:34 UTC on February 6, 2023 with 

its epicenter (37.225oN; 37.014oE) and focal 

depth (10 km) in the province of Kahram-

anmaras, Pazarck District. Approximately nine 

hours after the occurrence of this earthquake 

(10:24:49 UTC), another major earthquake with 

M7.5 struck the region of Ekinozu (38.024oN; 

37.203oE), located 90 km from the previous 

epicenter, resulting in calamitous damages. 

Approximately 9,136 aftershocks were reported, 

with the magnitude of some aftershocks ranging 

as high as 6.4 (on February 20, 2023) and 5.6 (on 

27 February 2023), leading to the destruction of 

previously injured infrastructure. By March 13, 

2023, an estimate of approximately 48,000 

fatalities and 115,000 injured persons had been 

recorded. In addition, 2.2 million people, 

inclusive of refugees, had to be evacuated from 

the disaster zones. World Bank disaster 

assessment reports estimated an economic loss of 

more than $34 billion (USGS, 2023).  

Different geological and non - geological 

approaches have been employed in earthquake 

prediction studies. Past studies have investigated 

induced ionospheric disorder, erratic electrical 

appliance behavior, variations in daily records of 

total electron content (TEC), and increment of 

radon gas content in the soil, among others 

(Ikeya, 2004; Akhoondzadeh, 2010; Thomas et 

al., 2019, Thomas et al., 2020a, b; Thomas et al., 

2021), in a bid to forecast EQ occurrence.  

Evaluation of global positioning system - total 

electron content data has indicated a correlation 

between EQ and ionospheric precursors. 

However, due to the dearth of comprehensive 

evaluations of activities preceding the earthquake, 

activities occurring during the earthquake, and 

activities occurring subsequent to the earthquake 

within seismogenic zones, submissions of EQ 

forecasting from these abnormalities have been 

disputed. According to some researchers (Geller 

et al., 1997; Rishbeth, 2007), EQ forecasting was 

not feasible via methodologies used in the 

delineation of earthquake precursors. 

Nevertheless, novel statistical analyses of the 

Global Positioning System-TEC and satellite data 

(Li and Parrot, 2012), indicated that correlations 

existed between seismic events and the 

occurrence of ionospheric perturbations. In 

addition, previous works (Akpan et al., 2019; 

Thomas, 2020; Thomas et al., 2023) presented 

using statistical methods, the probability of 

earthquake occurrence via analysis of 

ionospheric perturbations generated from 

DEMETER data within seismogenic zones. 

Researches have been vast in pre - seismo- 

ionospheric perturbations (Oikonomou et al., 

2020; Eshkuvatov et al., 2023; Vesnin et al., 

2023).  Oikonomou et al. (2020) investigated 

pre-earthquake ionospheric and atmospheric 

disturbances for three large earthquakes in 

Mexico. From their reports, large and short scale 

ionospheric anomalies relating to the events were 

observed few hours to few days before the events. 

Also, Eshkuvatov et al. (2023) reported on the 

morphological characteristics of anomalous 

variations in Global Navigation Satellite 

System Total Electron Content (GNSS-TEC) 

mailto:jewelemem@gmail.com
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prior to the strong local earthquakes (EQ) that 

occurred during the period of 2011–2015. Vesnin 

et al. (2023) made a pioneer report on 

ionospheric response to the 6 February 2023 

Turkey - Syria earthquake and showed significant 

asymmetry in the propagation of coseismic 

ionospheric disturbances. In all the 

aforementioned cases and more, emphasis is on 

pre-event days. It is pertinent to note that the 

state of the ionosphere after the EQ has received 

little or no attention. However, monitoring its 

state could provide insightful data about the 

numerous aftershocks that further wrecked the 

already destroyed properties and lives. 

The aim of this research, therefore, was to 

evaluate pre - and post-earthquake indicators, 

with the objective of predicting their occurrence 

to aid in the mitigation of colossal losses of lives 

and property. This research was necessitated by 

the backdrop of the humongous death toll and 

material damage recorded in this earthquake and 

other such physical cataclysms. This work, 

therefore, aimed at delineating ionospheric 

perturbations obtained simultaneously at three 

GPS stations in the preparatory zone of the 

Turkey EQ. The goal was to identify probable 

seismogenic alterations that were the likely 

source of the observed Turkey EQ of February 6, 

2023 and its numerous aftershocks. In this wise, 

an equal duration before and after the seismic 

event was adopted in this research. 

2.0 Earthquake Data  

To assess TEC within the seismogenic area, 

seismo-ionospheric disturbances associated with 

the M7.8 Turkey EQ were examined using data 

obtained from three GPS sites. Figure 1 gives the 

Geographical location of M7.8 Turkey EQ in 

relation to the three GPS stations, while Table 1 

displays their coordinates and distances to the 

epicenter. 
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Figure 1:  Geographical location of M7.8 Turkey EQ. The yellow star denoted the EQ epicenter; the purple, red, and 

green circles denoted the three GPS locations (ARUC, CSAR and KABR sites, respectively) located within the 

seismogenic zone.  

Table 1: GPS stations geographical coordinates and distance from epicenter 

 

Data acquired from the sun-spot number (SSN), 

the 10.7cm microwave flux density (F10.7cm 

solar flux), the geomagnetic indices (planetary 

geomagnetic activity kp and disturbance storm 

time Dst), and the TEC were employed to 

scrutinize pre- and post-seismic ionospheric 

variations. The SSN and F10.7cm solar-flux 

information filtered influences from solar 

activities, whereas data from kp and Dst 

measured the impact of geomagnetic activity. 

The Space Physics Environment Data Analysis 

Software (SPEDAS) provided SSN, F10.7 cm 

solar flux, equator-ward geomagnetic activity 

index (Dst) and planetary geomagnetic activity 

index (kp) data.  

The 10.7cm microwave flux density, represented 

by F10.7 solar flux, was a crucial component in 

determining solar activity. The F10.7cm solar 

flux was related to solar activity, which was 

quantified using the SSN. The F10.7 cm 

magnitude ranged from 60 to 300 Solar Flux 

Units (SFU). SFU < 100 was considered quiet. 

Using Dst data with an hourly temporal 

resolution, geomagnetic activities in middle and 

low latitude zones were identified. Minor 

magnetic storms were indicated by values 

ranging from 50 nT<Dst ≤ -30 nT; medium 

magnetic storms were indicated by -100nT<Dst ≤ 

-50nT; large magnetic storms were indicated by -

200nT <Dst ≤ -100nT; and severe magnetic 

storms were indicated by Dst ≤ -200nT (Xinzhi et 

al., 2014).  

Employing a three-hourly time resolution, the kp 

index identified global geomagnetic actions, 

which ranged from 0 (low activity) to 9 (high 

action), with a kp index < 3 indicating a decline 

in geomagnetic activity (Rostoker 1972). Carrier 

phase data were used to estimate the comparative 

total electron contents and quantitative 

ambiguities, and pseudo ranges were used to 

estimate uncertainty integers and absolute TECs. 

The global ionosphere map (GIM), which had a 

spatial resolution of 2.5 degrees (latitude) and 5 

degrees (longitude) and a temporal resolution of 

two hours, was received from the International 

Global Navigation Satellite System (GNSS) 

Service Community (ftp://cddis.gsfc.nasa.gov/-

pub/gps/products/ionex).  

 

3.0 Method 

Diurnal GPS-TEC data from three stations 

located in the preparatory regions of the geo-

quake was retrieved to identify temporary 

anomalies. TEC data generated 10 days prior to 

the EQ and 10 days subsequent to the EQ were 

employed. The boundaries employed for the data 

were the standard deviation and the confidence 

interval of the mean as given in equations 1 and 2: 

Location 
Geographical 

Latitudes (N0) 

Geographical 

Longitudes (E0) 

Distance from 

Epicenter (km) 

Epicenter 37.225 37.014 - 

KABR 33.023 35.145 497 

CSAR 32.488 34.890 561 

ARUC 40.286 44.086 701 
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𝑥𝑢 = 𝜇 +  2𝜎                               (1) 

𝑥𝑙 =  𝜇 −  2𝜎          (2) 

where 𝑥𝑢= the upper limit, 𝑥𝑙  = the lower limit, 𝜇  

= the mean quantity and 𝜎  = the standard 

deviation. These bounds, 𝜇  and 𝜎  were 

determined during the course of the investigation. 

TEC values outside these limits were regarded as 

abnormal. A similar method was used by Thomas 

et al. (2023).  The geomagnetic and solar indices 

within the study period were analyzed. In 

addition, the daily TEC maps defined with two-

hourly temporal resolutions above the EQ 

geographical point for the 3rd and 4th days (9th 

and 10th February, 2023) post-event were 

acquired from GIM-TEC for the examination of 

spatial anomalies.  

Equations 3 and 4 indicate the TEC differential 

values as follows: 

 

𝑥𝑙 <  𝑥 < 𝑥𝑢   → −2 < (𝑥 −𝜇

𝜎
) < 2     (3) 

and  

𝐷𝑥  = (𝑥−𝜇

𝜎
 )                                        (4) 

where 𝑥𝑢= upper limit, 𝑥𝑙= lower limit, 𝑥 = the 

parametric quantity, 𝜇   = mean quantity, 𝜎  = 

standard deviation, and 𝐷𝑥  = differential of 𝑥 . 

Given |𝐷𝑥| ≥ 2 , the behavior of 𝑥  would be 

deemed abnormal. EQ anomalies were evaluated 

in this study via TEC data obtained at the three 

GPS sites in Turkey. The preparation area (in 

kilometers) for the M7.8 Turkey seismic event 

was evaluated via the empirical formula of 

Dobrovolsky et al. (1979) in equation 5: 

𝑅 = 100.43𝑀                                (5) 

where R = radius of the EQ preparatory zone, and 

M = EQ magnitude. A value of 2,259.436 km 

was therefore obtained as the preparatory zone 

for the M7.8 Turkey seismic events of February 6, 

2023. Equation 5 indicated that the size of the 

preparatory zone was a function of EQ 

magnitude, and vice versa. To choose atypical 

data for this study, stringent criteria were 

employed: |∆𝑇𝐸𝐶|  ≥ 2.0;  𝐷𝑠𝑡 < −30𝑛𝑇;  𝐾𝑝 >

3;  𝐹10.7 < 100𝑆𝐹𝑈  (Thomas et al., 2024). 

4.0 Results 

Results obtained were indicated on 2D graphs 

delineated in Figures 2 (a-c) and 3. Figure 2 

illustrates the top and bottom panels within each 

site. The ordinate indicated TEC information (top 

panel) and the differential of TEC (bottom panel), 

while the abscissa indicated the pre- and post-

seismic event days, with black vertical lines 

denoting the seismic day (February 6th, 2023). On 

the top panel of each plot (see Figure 2), the daily 

TEC values, the upper boundaries 𝑥𝑢,  and the 

lower boundaries 𝑥𝑙 were denoted by blue, red, 

and green wiggles, respectively. The lower panel 

illustrates the daily TEC differential values 

(dTEC) generated from equation (4), with black 

spikes denoting anomalous values. Figure 2a 

denoted the KABR site, Figure 2b denoted the 

CSAR site, and Figure 2c denoted the ARUC site.  

The lower panels of Figure 2 clearly showed 

post-seismic perturbations within the 

investigative period. In order to confirm 

variations within 10 days pre-event and 10 days 

post-event, within normal limits, ionospheric 

anomalies above the epicenter in Turkey were 

studied using GPS-TEC.  

Figure 3a illustrates plots of the geomagnetic 

indices Dst, figure 3b illustrated plot of kp, 

Figure 3c illustrated plots of SSN, and Figure 3d 

illustrates plots of F10.7cm, all within the 

investigative period.  The EQ Day was denoted 

by black vertical lines. The ordinate indicated the 

values of the different parameters, while the 

abscissa indicated the number of days relative to 

the EQ. 
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Figure 2 (a – c): The diurnal Global Positioning System-TEC measurements before and after the M 7.8 Turkey 

seismic event of February 6, 2023, within the confidence ranges. Figure (a) denoted the KABR site, (b) denotes 

the CSAR site, and (c) denotes the ARUC site. The investigative window spanned January 27 through February 

16, 2023.TEC was measured in 1016el/m2. The number of days pre- and post-event was plotted as abscissa and 

Total Electron Content was plotted as ordinate.  The main-shock was denoted by a black vertical line.  
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Figure 3: Geomagnetic and solar activity (January 27 - February 16, 2023): (a) Disturbance storm time index 

(b) kp index (c) Sunspot number SSN (d) F10.7cm index 

 

5.0 Discussion 

Figure 2 indicated striking anomalies from daily 

TEC values in two of the GPS stations that were 

outside the confidence bounds. All observed 

variations that met the stringent conditions for 

selecting the anomalous days were recorded after 

the EQ Day (post-seismic) from the two GPS 

stations.  These two stations KABR and CSAR 

(Figure 2a and 2b) were closer to the epicenter 

while the farthest ARUC station (Figure 2c) had 

no abnormal TEC from the stringent set of 

criteria employed. This observation is different 

from the reports of Thomas et al. (2023) in which 

all three stations recorded anomalies. From the 

KABR GPS station which was the closest to the 

epicenter (Table1), post-event days 1 and 9 

displayed anomalous disturbances, while at the 

CSAR GPS station, post-event days 1, 4 and 8 

revealed anomalous TEC information. From 

these results, post-event day one was 

simultaneously disturbed at two GPS stations. 

Constraining these results by contemporaneously 

monitored geomagnetic and solar indices 

revealed that post-event days 1 and 4 were active 

as seen in Figure 3. The kp and Dst indices 

were >3.0 and < -30nT on these two days.  

Anomalously high |∆𝑇𝐸𝐶| were measured four 

days after the seismic event (Figure 2b). Hence, 
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space maps of TEC (Figure 4) generated for 

February 9th and 10th, 2023 (i.e., the 3rd and 4th 

days post-event) above the epicenter of Turkey 

M7.8 EQ were employed to investigate if such 

anomalous TEC values correlated with the 

Coordinated Universal Time (UTC) hours of the 

EQ. In-depth analysis of these GIM-TEC maps 

(Figure 4) indicated that the anomalous 

ionospheric clouds were unrelated to the 

impending EQ. This, however, was different 

from the results of Thomas et al. (2022), where 

the unusual clouds observed were related to the 

M7.2 Haiti EQ of August 14, 2021. 
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Figure 4: Spatial TEC maps above the epicenter of the M7.8 Turkey seismic event: (a) February 9th, 2023, (b) 

February 10th, 2023. The yellow star on Figures (4a) and (4b) indicate the epicentral position of the geo-quake; 

the legend indicates the TECU (TEC unit) within each Universal Time hour. 

 

Correlating the perturbations of 8- and 9-days 

post-event (February 14 and 15) with 

geomagnetic and solar indices indicated that 

these perturbations occurred during quiet 

conditions. These two days actually occurred 5 

and 6 days before the aftershock on February 20th. 

This work has therefore given valuable evidence 

that noticeable ionospheric anomalous activity 

was detected after the M7.8 Turkey EQ of 

February 6, 2023, which served as precursors to 

the M6.4 aftershock of February 20, 2023. The 

results obtained correlate with past research that 

indicated that ionospheric perturbations are 

detected days prior to, during and after major 

seismic events (e.g., Liu et al., 2004, Ibanga et al., 

2018; Thomas, 2021; Thomas et al., 2023). Such 

seismic-induced electric field from below may be 

related to either reduction or augmentation in the 

ionosphere.  

6.0 Conclusion  

Total Electron Content data from three GPS sites 

located within a seismogenic domain was used to 

evaluate seismo-ionospheric abnormalities 

connected to the M7.8 Turkey EQ of February 6, 

2023.The study recorded no pre-ionospheric 

response within the investigative period from the 

three GPS stations used. However, two out of the 

three stations indicated positive post- EQ 

anomalous values in TEC. The results indicated 

that these two stations namely KABR and CSAR 

stations presented unusual variations on post 

event days 1, 4, 8, and 9. These results showed 

strong seismically generated perturbations on 

days 8 and 9, unlike those on days 1 and 4 which 

were aseismic from concurrently monitored solar 

and geomagnetic indices. |∆𝑇𝐸𝐶| was observed 

to be significantly high on 4 days post-event, 

hence, spatial maps from TEC data on February 

9th and 10th, 2023 (3 and 4 post-event days), 

across the epicenter of the magnitude 7.8 

earthquake was screened to indicate if the 

Coordinated Universal Time hours correlated 

with the seismic event. No remarkable unusual 

clouds in the ionosphere were revealed through 

GIM - TEC data as relating to the seismic event.  

This research has therefore identified significant 

post-seismic ionospheric abnormalities linked to 

Turkey's M7.8 earthquake on February 6, 2023, 

using GPS-TEC data. These post-seismic 

variations formed possible precursors (-5 and -6 

days) to the M6.4 aftershock of February 20, 

2023. 
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