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  الآية

  بسم االله الرحمن الرحيم

   :قال تعالى

ٰ الْحَمْدُ لِلَّهِ الَّذِي أَنْزَلَ عَلَى ۜ عَبْدِهِ الْكِتَابَ وَلَمْ يَجْعَلْ لَهُ عِوَجًا  ◌ قَيِّمًا لِيُنْذِرَ بَأْسًا  ﴾١﴿ ◌

مَاكِثِينَ  ﴾٢﴿ شَدِيدًا مِنْ لَدُنْهُ وَيُبَشِّرَ الْمُؤْمِنِينَ الَّذِينَ يَعْمَلُونَ الصَّالِحَاتِ أَنَّ لَهُمْ أَجْرًا حَسَنًا

ۚ مَا لَهُمْ بِهِ مِنْ عِلْمٍ وَلَا لِآبَائِهِمْ  ﴾٤﴿ وَيُنْذِرَ الَّذِينَ قَالُوا اتَّخَذَ اللَّهُ وَلَدًا ﴾٣﴿ فِيهِ أَبَدًا ◌ 

ۚ كَبُرَتْ كَلِمَةً تَخْرُجُ مِنْ أَفْوَاهِهِمْ  ٰ فَلَعَلَّكَ بَاخِعٌ نَفْسَكَ عَلَى ﴾٥﴿ إِنْ يَقُولُونَ إِلَّا كَذِبًا ◌ ◌ 

ٰ آثَارِهِمْ إِنْ لَمْ يُؤْمِنُوا بِهَ إِنَّا جَعَلْنَا مَا عَلَى الْأَرْضِ زِينَةً لَهَا لِنَبْلُوَهُمْ  ﴾٦﴿ ذَا الْحَدِيثِ أَسَفًا◌

أَمْ حَسِبْتَ أَنَّ أَصْحَابَ  ﴾٨﴿ وَإِنَّا لَجَاعِلُونَ مَا عَلَيْهَا صَعِيدًا جُرُزًا ﴾٧﴿ أَيُّهُمْ أَحْسَنُ عَمَلًا

إِذْ أَوَى الْفِتْيَةُ إِلَى الْكَهْفِ فَقَالُوا رَبَّنَا آتِنَا مِنْ  ﴾٩﴿ عَجَبًا الْكَهْفِ وَالرَّقِيمِ كَانُوا مِنْ آيَاتِنَا

 ﴾١٠﴿ ا مِنْ أَمْرِنَا رَشَدًالَدُنْكَ رَحْمَةً وَهَيِّئْ لَنَ
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Abstract 

Precursors due earthquake have been studied in the history; whence, scientists were striving 

for finding an effective way to forecast earthquakes. When looking at the physics scientists 

formulated scenario of earthquakes and the system of atmosphere, accordingly, they found some 

obvious precursors in the ionosphere due earthquakes.  

In this research we selected data of earthquakes in magnitude range (5.5 to 8.0) (Mwc - Mwb) in 

Africa continent. And the selected data are collected from U.S. Geological Survey (USGS) in period 

ranged from 1990 to 2010. These data were used to review the seismic activity in the region. Further; 

two events from these data have been selected and checked for ionospheric anomalies. A precursor 

test was carried out via using the ionospheric critical frequency data in the F2 layers, i.e. the (foF2) 

data; the foF2 data were taken from Grhamstown station (longitude=-33.30, latitude=26.50) in South 

Africa. These data were used in the anomalies analyses for two events: the event of magnitude (6.4 

mwc) in 2003 at Prince Edward Island epicenter (longitude=-46.048, latitude=35.057) and the event 

of magnitude (7.0 mwb) in 2006 at Mozambique (longitude=-21.324, latitude=33.583) epicenter. 

Analyses results showed anomalies for both earthquakes events. These anomalies were further 

confirmed when compared with geomagnetic indices Dst, Kp. 
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 المستخلص

بحیث انه قد سعي العلماء بجد لایجاد طرق فعالة  ،تمت دراسة المؤشرات بفعل الزلازل في السابق          

 و، وعلى ضوء الفیزیاء قد تم اختبار سیناریو للربط بین الزلازل و نظام الغلاف الجوي. للتنبؤ بحدوث الزلازل

 . ن ان هنالك مؤاشرات واضحة في طبقة الایونوسفیر تحدث بفعل الزلازلوقد وجد الباحث

في هذا البحث جمعت بیانات الزلازل المرصودة في القارة الافریقیة من جمعیة المسح الجیولوجیة في        

 1990لفترة الزمنیة بین وذلك في ا 8.0ال  5.5الولایات المتحدة الامریكیة في مدى القوة بمقیاس ریختیر بین 

وعلاوة على ذلك تم اختیار . ، حیث جمعت هذه البیانات بغرض عرض النشاط الزلزالي في القارة2010الى 

حیث استخدمت  لازللاجراء اختبار مظاهر الشذوذ في طبقة الایونوسفیر كمؤشر لحدوث الزلزالین حدثي ز

جمعت بیانات الترددات تلك من . (foF2)وهي الترددات  F2الأیونسفیر  طبقة الترددات الرادیویة الحرجة في

واستخدمت بیانات . في جنوب افریقیا) 26.50=خط عرض,33.30-=خط طول(مرصد محطة جیرهامز تاون 

-=خط طول(الزلزال في جزیرة برینس ادورد : كالاتي  الینتحدید الشذوذ لبیانات زلز لیلالترددات في تح

-=خط طول(والاخر زلزال موزمبیق ) 6.4(بقوة  2003عام  حدث في) 35.057=خط عرض,46.048

زلزالین لكلا العرضت هذه التحلیلات قد و). 7.0(بقوة  2006حدث في عام ) 33.583=خط عرض,21.324

  Dst, Kp.هذه النتائج بالمقارنة مع المؤشرات الجیومغناطیسیة   تم تأكیدشذوذ و رصدلنتائج واضحة 

 

 



vi 

 

 

Contents 

No   Items                 Page no 

 II الآیة 1

2 Acknowledgments III 

3 Abstract IV 

 V  المستخلص 4

5 Contents VI 

6 List  of Figure X 

7 List of Abbreviations XII 

8 List of Appendices XIV 

Chapter І :  Introduction 

9 1.1. Background 1 

10 1.2. Research Problem  1 

11 1.3. Objective of the research   1 

12 1.4. Methodology of the research 1 

13 1.5. Scope of the dissertation  2 

Chapter II : Background 

14 2.1 The Earth Atmosphere and the Ionosphere 3 

15 2.1.1 Earth's Atmosphere 3 

16 2.2 Layers of the Atmosphere 3 

17 2.3 The Ionosphere 4 



vii 

 

18 2.4 Basic Structure of ionosphere 5 

19 
2.5 Formation of the Ionosphere 

5 

20 
2.6 Ionospheric Layering  

6 

21 2.6.1. D-Region 6 

22 
2.6.2 E-Region 

7 

23 
2.6.3 F-Region 

7 

24 
2.6.4 F2-Layer  

8 

25 
2.7 Anomalous Features of the Ionospheric F region   

8 

26 
2.8 Certain Parameters in the Ionosphere 

9 

27 2.8.1 Total Electron Content (TEC)  9 

28 2.8.2 Critical Frequencies 9 

29 2.9 Ionosond Station  10 

30 
2.10 What is Space Weather?  

10 

31 2.11 On the Nature of Solar Activity and Sunspots 10 

32 2.12 Geomagnetic Activity Indices 11 

33 2.13 Seismology 12 

34 2.13.1 What is the Seismology? 12 

35 2.13.2 Physical Background of Earthquake Prediction 14 

36 2.13.3 Earthquake Preparation Zone 15 

37 2.14. Physics of Seismo-Ionospheric Coupling  15 



viii 

 

Chapter Ш : Literature review 

38 3.1. Theoretical Background 18 

39 3.2. Study of Ionospheric precursors related to an 

earthquake (M=7.8) of 16 April, 2013 using GPS-TEC 

measurements 

18 

40 3.3. On the onset of ionospheric precursors 40 min before 

strong earthquakes 

20 

41 3.4. On long-term variations of foF2 in the mid-latitude 

ionosphere before strong earthquakes 

21 

42 3.5 Variations of foF2 and GPS total electron content over 

the Antarctic sector 

21 

43 3.6. A statistical study of ionospheric earthquake precursors 

monitored by using equatorial ionization anomaly of GPS 

TEC in Taiwan during 2001–2007 

22 

44 3.7. Modifications of the ionosphere prior to large 

earthquakes: report from the Ionosphere Precursor Study 

Group 

22 

45 3.8. On Es-spread effects in the ionosphere connected to 

earthquakes 

23 

46 3.9. Comparison of simultaneous variations of the 

ionospheric total electron content and geomagnetic field 

associated with strong earthquakes 

24 

47 3.10. Ionospheric phenomena before strong earthquakes 24 

Chapter ІV : Results, Discussion, Conclusion  

48 
4.1.View on the Africa seismology 

25 

49 
4.2 Results 

26 

50 4.2. Discussion 29 

51 4.3. Conclusion 30 



ix 

 

52 References 31 

53 Appendices 33 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

 

List of Figures 

No Figures Page No 

1 Figure.2. 1.Basic quantities of the atmosphere and 

ionosphere as a function of height 

3 

2 Figure.2. 2 typical vertical profile of the electron ions and 

neutral densities in the mid-latitude 

5 

3 Figure.2.3. vertical profile of the ionosphere 6 

4 Figure.2.4. depiction of the sunspot number for the last 250 

years 

11 

5 Figure.2.5. the main types of tectonic fault geometry 13 

6 Figure.2.6. global earthquake seismicity in relation to the 

tectonic plate 

13 

7 Figure.2.7. the models of ULF anomalies associated with 

great earthquakes 

16 

8 Figure.2.8. electromagnetic coupling of ULF waves in the 

plasmasphere, atmosphere, ionosphere and lithosphere 

17 

9 Figure.3.1.Upper panel shows the temporal variations of 

GPS-TEC observed at Agra station for the month of April, 

2013 corresponding to an earthquake of Magnitude M=7.8. 

The black star shows the day of earthquake. In second 

panel, the enactments (%) are shown over the upper limit 

(3σ). The variations of Dst and Kp indices are shown in 

third and fourth panel. The last panel shows the variation of 

19 



xi 

 

solar flux F10.7 for the same period 

10 Figure.3.2. VTEC residuals as calculated by Heki and 

Enomoto [2013, Figure 8] for the 2011 Tohoku-Oki 

earthquake, the 2007 Bengkulu earthquake (Mw8.4), the 

2012 North Sumatra earthquake (Mw8.6) and its largest 

aftershock (Mw8.2) that occurred ~ 2 h later 

20 

11 Figure.4.1. as the number of earthquakes in (1990-2010) is 

rather large, for this event usually a statistical analysis of 

the phenomena preceding them was performed. 

25 

12 Figure.4.2. Periodic Earthquakes in 1990-2010 with 

frequency code and scattering graph. 

26 

13 Figure.4.3. the analysis of Critical Frequency (foF2) for 

Prince Edward Island Earthquake epicenter (1539.705 Km 

spherical earth) with magnitude 6.4 in 2003 

26 

14 Figure.4.4. the analysis of Critical Frequency (foF2) for 

Mozambique Earthquake epicenter (1391.39 Km spherical 

earth) with magnitude 7 in 2006 

27 

15 Figure.4.5. clarifies the earthquake onset day 2003 analysis 

with the variation of the geomagnetic indices (Dst,Kp)  if 

there affects adventitiously 

27 

16 Figure.4.6. clarifies the earthquake onset day 2006 analysis 

with the variation of the geomagnetic indices (Dst,Kp)  if 

there affects adventitiously 

28 

17 Figure.4. 1 Undeceives the analysis date of earthquakes in 

2003 with the median and upper quartile for this data. 

28 



xii 

 

List of abbreviations 

No  Abbreviations  Page no  

1 UV- Ultra Violet   Radiation 4 

2 Es- Sporadic E layer 7 

3 Kp- Planetary Average Value 8 

4 TEC- Total Electron Content 9 

5 foE, foEs, foF1, foF2- Critical Frequency of Ionosphere 

Layers 

9 

6 NmF2- maximum density of F2 layer 9 

7 HF-High Frequency   9 

8 h'E, h'F, and h'F2- Virtual Heights of Ionosphere Layers 10 

9 Dst- Disturbance Amplitude Storm Time 12 

10 ML- Local Magnitude 14 

11 GPS- Global Positioning System 15 

12 fo- Critical Frequency 15 

13 AGW- Acoustic Gravity Wave 16 

14 EE-Equatorial Electrojet 16 

15 EM- Electromagnetic 16 

16 ULF-Ultra Low Frequency 16 

18 Figure.4. 2 Undeceives the analysis date of earthquakes in 

2006 with the median and upper quartile for this data. 

29 



xiii 

 

17 GIMs-Global Ionospheric Maps 18 

18 VTEC-Vertical TEC 20 

19 KEL Aerospace-Abbreviation of an ionosond satiation  22 

20 EIA-Equatorial Ionization Anomaly 22 

21 IP-Ionosphere Precursors 22 

22 LTT-latitude-time-TEC 22 

23 EQ- Earthquake 22 

24 mwc- Moment tensor inversion of long-period (body-

waves) 

26 

25 mwb- Moment magnitude derived from a centroid moment 

tensor inversion of intermediate and long-period (body- and 

surface-waves) 

27 

 

 

 

 

 

 

 

 

 

 



xiv 

 

 

List of Appendices 

No Appendices Page No 

1 Appendix A: The distance epicenters (Prince Edward Island, 

Mozambique) to the Grhamstown station. 

33 

2 Appendix B: Sample of the sources of critical frequency data 

took from Grhamstown station.  

33 

3 Appendix C: Sample table of critical frequency f0F2. 34 

4 Appendix D: Table Kp index  34 

 


