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ABSTRACT 
 
This paper studies the Malaysian ionospheric response to the major geomagnetic storm during July 15-17, 2000, using 
nationwide network of GPS receivers. In this study we focus on the relative variations in TEC at Malaysia region with 
respect to a quiet period. Results indicate that the relative variations in TEC are variable during the storm time ranging 
about –20 to 25%. There were positive phase exceeds 25% TEC enhancement during the main phase of the storm. 
However there is clearly negative phase during the recovery phase of the storm, whose change ratio exceeds –20% TEC 
depression.  

INTRODUCTION 
 
When geomagnetic disturbances occurred, energy inputs from the magnetosphere changes the ionospheric electron 
density that can perturb communication and navigation systems. 
 
In this paper, we present the regional ionospheric total electron content (TEC) observations from 15 nationwide GPS 
receiving stations during the period of July 15-17 when an interplanetary magnetic cloud was encounted by the Earth 
that caused significant geomagnetic disturbances. Fig. 1 shows the distribution of the AE and Dst indices during the 3 
days period. A sudden storm commencement (SC) occurred at 1440 UT on July 15 when a powerful interplanetary 
shock wave struck our planet's magnetosphere. It consequently induced a major magnetic storm as well as massive 
substorm, as indicated by the variations in the AE and Dst indices. This was a major storm exceeded Kp = 9 for over 9 
hours starting at about 1500 UT on July 16 as shown in Fig. 2. This was the second largest geomagnetic storm observed 
since 1989, and one of the most intense solar proton events ever recorded. The proton event reached S4 on the NOAA 
Space Weather Scales, and the geomagnetic storm reached G5 levels. The most significant x-ray event in the sequence 
was the R3 level event on July 14 [1]. The different storm phases were identified according to the distribution of Dst. 
The SC is followed by an initial or positive phase lasting for a hour. During this time the geomagnetic field intensity is 
increased, component Dst(H) being positive. This is probably due to the compression of the geomagnetic field by the 
solar plamas. The time interval between 1700 and 2100 UT on July 15 was the main phase of the storm as indicated 
when Dst decreased sharply. This reduction can be represented as the field of a “westward ring current” which is 
oppositely directed to the main geomagnetic field. During the main phase of the storm, the Dst index reached a low of -
300 nT and the Kp index reached its maximum value of 9. After 2100 UT, it was the recovery phase as Dst was 
returned to its regular value gradually in the next 48 hours. There was still significant substorm activity during the early 
recovery phase as shown by the AE index. 
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Fig. 1.Distributions of AE and Dst indices during July 15-17, 2000 

 
Fig. 2. Planetary Kp index plot for July 15-17 showing large geomagnetic event 

 
Total Electron Content From GPS 
 
The nationwide GPS network, overseen by Jabatan Ukur dan Pemetaan Malaysia (JUPEM) contained 15 ground-based 
station [2]. Each receiver at these stations is capable of receiving the dual frequency GPS signals from 8 to 12 satellites 
(24 in total) in different directions simultaneously. The observations of oblique total electron content can be obtained 
from the delays of radio signal on channels L1 (1575.42 MHz) and L2 (1227.6 MHz) using a thin-shell ionospheric 
model at height h (=400 km). Using the techniques developed at Astronomical Institute, University of Berne [3], 
interpolated regional ionospheric map of vertical TEC are obtained. The entire mapping is conducted in a earth-fixed 
geocentric latitude system. It should be noted that the mapping involves the oblique to vertical TEC conversion, which 
in general may cause some degradation of the map accuracy with distance away from GPS receivers. 
 
Regional Ionospheric Disturbances 
 
Fig. 3 shows TEC variations over Malaysia during the three days of the storm. The percent chnages relative to the quiet 
time profiles are calculated. In this study, we have used 3 days (July 12-14, with low geomagnetic activity) of TEC 
average as the quiet time reference. From the figure we can clearly see the ionospheric storm phases along these three 
days. Over this region the positive phase started two hours after the arrival of fast CME from Sun. TEC enhancements 
reached their maximum around 1900 UT on July 15, whose change ratio exceeds 25%. There is a clear negative phase 
which started after 0000 UT on July 16. These TEC depressions reached their minimum between 1400 - 2100 UT on 
July 16, whose change ratio exceeds –20%. After 0000 UT on July 17, the entire ionosphere gradually recovered to 
normal. 
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Fig. 3. Percent changes of storm ionospheric TEC relative to quiet time over Malaysia. The vertical solid line marks the 
arrive time of fast CME that erupted from Sun on July 14 (1440 UT, July 15), while the dashed lines give the local noon 

 
Fig. 4. TEC changes during the initial phase of the storm at 1500 UT on July 15, 2000 

 
Fig. 5. Similar to Fig. 4, but during the main phase of the storm at 1900 UT on July 15, 2000 



 
Fig. 6. TEC changes during the recovery phase of the storm at 1500 UT on July 16, 2000 

 
Fig. 4 displays the changes in TEC over Malaysia region due to the impact of the ionospheric storm of July 15, 2000. 
Enhancements of electron content appear in red; depletions of electron content appear in blue. This map has been 
generated from GPS data provided by JUPEM, by subtracting a quiet-time average TEC map from the TEC map 
representing the state of the ionosphere at approximately 1500 UT on July 15. Averaging the TEC maps at the same UT 
time over the previous three days produced the quiet time map. These were main depletion area of TEC at latitude 
above equatorial region. However, these were TEC enhancement over latitude below equatorial region during initial 
phase of storm times. Fig. 5 and Fig. 6 shows similar to Fig. 4, but during the main phase and recovery main of the 
storm. Fig. 5 shows there were strong enhancement area detected over equatorial area during the main phase of storm at 
1900 UT on July 15. However Fig. 5 shows during the recovery phase of the storm at 1500 UT on July 16. These were a 
main depletion area of TEC can be seen over the whole Malaysia and equatorial area. 
 
Summary 
 
Through 15 nationwide GPS network measurement, we have seen some significant morphological features for 
Malaysian ionospheric TEC variations during the storm. The main characteristics are the firstly positive phase or TEC 
enhancement during the initial and main phase of the storm and follow by the negative phase or TEC depression during 
the recovery phase of the storm. Finally, the entire ionosphere gradually recovered to normal. These preliminary results 
need to be compared further with other measurements from ionosonde and satellites to understand the storm evolution 
process and the physical mechanisms in detail. 
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