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Abstract
In this paper, presentation of specific features of TEC behaviour as a possible precursor of Orkney
earthquake of August 5th, 2014 (M5.5) was made. To achieve this, TEC data from Suth station and
GIM TEC maps were used. The period understudied (prior to and after the earthquake) experienced quiet geomagnetic situation which made the analysis much easier. A characteristic anomaly
was noticed from 4 days before the earthquake and it was found out that the day-time TEC increases significantly and consistently relative to the background condition up to the day before
the earthquake. To reveal the spatial dimensions of seismo-ionospheric anomaly longitudinally,
the maps from IONEX database were used. The ionosphere, experiencing a modification as an increase of electron concentration over a large area, was revealed.
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1. Introduction
The system of geophysical shells (lithosphere, atmosphere, and ionosphere) is considered as an open complex
nonlinear system with dissipation where earthquake preparation could be regarded as a self-organizing process
leading to the critical state of the system [1]. The processes in atmosphere together with ionosphere are considered from the point of view of non-equilibrium thermodynamics. The intensive ionization of boundary layer of
atmosphere (probably provided by radon in occasion of earthquake preparation) gives start to the synergetic sequence of coupling processes where the ionosphere and even magnetosphere are the last links in the chain of interactions [1]. Every anomaly observed in different geophysical fields (surface temperature, latent heat flux,
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electromagnetic emissions, variations in ionosphere, particle precipitation, etc.) is not considered as an individual process but the part of the self-organizing process, the final goal of which is the reaching of the point of the
maximum entropy. Seismo-ionospheric couplings studies had increased over the last decade with various important results to show. The global ionosphere maps (GIM) containing grid data of the vertical TEC, published
by the ionospheric group of the international service of the global positioning system IGS, had received great
attention in studying ionospheric phenomena [2]-[4]. Invariably, GIM has also been proved as a useful source of
data to analyze earthquake-related TEC variations [5]-[12]. Ionospheric anomalies noticed were not only over
the epicenter of the earthquake but also in the regions located eastward or westward from the vertical projection
of the epicenter onto the ionosphere [13] [14].
The Orkney earthquake occurred on 5th August, 2014 in South Africa, but its effect was also felt in Botswana,
Swaziland, Lesotho and Mozambique. The casualties included one death and 34 injured (Table 1).

2. Experimental Data and Method of Processing
Adopting Liu et al. method estimate the vertical TEC of the ionosphere over the epicenter of the earthquake
helps to identify a seismic signal from the GPS-TEC data by [15] [16]. TEC data from Suth station in South
Africa between 21th of July to 20th of August 2014 (31 days) were used for this study. These days are clearly 15
days before and 15 days after the day of the earthquake. The median X over the interval of 15 running days were
calculated in addition with the associated inter-quartile between the lower quartile (LQ) and the upper quartile
(UQ).
TEC anomalies were isolated by setting the:
Upper bound ( UB ) =
X + 1.5 ( UQ − X )

(1)

Lower bound ( LB ) =
X + 1.5 ( LQ − X )

(2)

The method stated that perturbations that are of earthquakes origin are detected if the observed TEC data lies
outside of either the lower or upper bound. However, only anomalies that persisted for at least 3 hrs in a day
were taken into consideration. The implication of this is that an anomaly can only be considered a seismic signal
if and only if its value is above the lower/upper bounds for more than 3 hours in a day [15].
For further TEC analysis, applications of IONEX GIM data provided by NASA Crustal Dynamics Data Information System (ftp://cddisa.gsfc.nasa.gov/pub/gps/products/ionex) were used. This is an international network of GPS receivers IGS that provides global maps of TEC in the IONEX format having a resolution of 5˚
and 2.5˚ in longitude and latitude, respectively, with a step of 2 h in UT. To do TEC deviations estimation from
the average value for the selected date (August 5th), maps of TEC were selected from IONEX database which
were of the same universal time (1400UT) for the previous 15 days. Thereafter the maps were averaged for each
point of the map according to the resolution in latitude and longitude of IONEX maps. Global TEC maps from
4days before the day of the earthquake to a day before it were taken from final result. Dst and Kp indexesbetween 21 th of July to 20th of August 2014 were also used to check for geomagnetic situation of the period.

3. Results
Figure 1 showed the variations of upper/lower anomalies extracted from the 31 days of the TEC data. It can be
seen that the lower anomalies existed throughout the whole data with the higher values of it occurring from 7
days before and continue for few days after the earthquake (represented by E). While the upper anomalies was
also noticed 7 days to the day of the earthquake and continue for some days after. Figure 2 however showed an
enhanced anomalies in the TEC values (when compared with other values) from 4 days to the day of the earthquake and peaking exactly a day before the earthquake. These anomalies continue for another 3 days after the
Table 1. Characteristics of Orkney earthquake.
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Figure 1. Lower and Upper anomalies for the 31 days understudy.
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Figure 2. GPS TEC variation between 21st of July and 20th of August, 2014
of Suth station.

earthquake but with the peak value on the day of the earthquake clearly the least during that period. Figure 3
and Figure 4 made it very clear that the considered period of time was characterized by a quiet geomagnetic
situation. Figure 5 reveals the TEC data (between 10:00 hrs and 14:00 hrs) 5 days before the earthquake and 4
days after. The graph clearly showed an enhanced anomalies which started 4 days before and peaked a day before the earthquake (represented by blue circle). The star represents the day of the earthquake. Another very obvious point from the graph is that the anomalous increase in the GPS TEC tends to be more pronounced in the
afternoon of the days understudy. Figure 6 however showed the map of the TEC at 14:00UT (16:00LT) extracted from the GIM according to the process described above. It is clear that there exist an increase in the electron concentration in the longitudinal direction of the region of interest. Cloud-like increase in electron concentration was noticed building-up few days before the earthquake. The amplitude of modification significantly increase more within the vicinity of the epicentre two days to the earthquake.
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Figure 3. Dst index of the period under observation.
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Figure 4. Kp for the period under observation.

Figure 5. GPS TEC variation from 10:00 hrs to 14:00 hrs from day 11 to day
20 of the period under observational.
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Figure 6. Map of TEC deviations from the running average for 4 days before
the day of the earthquake at 1400 UT.

4. Discussion
The fact that both the occurrence of the upper anomalies and higher values of lower anomalies started and almost ended on the same day when geomagnetic activities throughout the whole period understudy were very
obvious to be quiet, clearly show that the trigger of such situation was localized. “The trigger” can clearly be
said to be of seismogenic origin. [17] emphasized that the spatial patterns of the anomalies resulting from seismic
forcing differ from those perturbations induced by solar or geomagnetic activities which are usually registered
on a global scale. Results from Figure 2 and Figure 5 show that the GPS TEC anomalously started increasing in
the afternoon from day 12 of the data (4 days to the earthquake). This revealed the importance of seismo-generated
vertical electric fields. [18]-[20] stated that anomalous vertical electric field near the earth surface well above the
seismogenic area penetrates the ionosphere leading to irregularities of electron density by the ion drifting. However,
[14] stated that the anomalous increase in the electron density is related to the downward electric field at the
surface. [22] [23] observed in some of his works in Taiwan that the seismo-generated electric field (around the
epicentre) can significantly decrease TEC in the afternoon of 1 - 5 days before earthquakes. He attributed this to
the upward electric field at the surface. However, from the study, Both the local GPS receiver and the GIM TEC
map clearly showed enhanced anomalies from 4 days to the day of the earthquake with it peaking on the day
before it. In other words, the temporal variation and the spatial distribution of the normalized GPS TEC extracted from the GIM and the local GPS receiver showed that the seismo-ionospheric anomalies appeared on day
12, 13, 14 and 15 of the days under study. These remarkable signatures can be attributed to the eastward plasma
drift that led to the abnormal enhancement of the TEC in the longitudinal direction as described by [15].

5. Conclusion
Measurements from the GPS-TEC together with maps from IONOX database were used to study the total electron content changes in the ionosphere during the final stage of Orkney earthquake preparation time. The results
of the analysis clearly showed that according to upper/lower anomalies, spatial and temporal distribution, the
detected ionospheric anomaly was associated with the precursor of seismic activity.
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