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Abstract—This paper presents the result of large-scale traveling 

ionospheric disturbance (LSTID) observation during moderate 
magnetic storm event on 25 October 2011 with SYM-H ~ -160 nT 
and Kp ~ 7 over Peninsular Malaysia at equatorial region using 
vertical total electron content (VTEC) from the Global Positioning 
System (GPS) observation measurement. The propagation of the 
LSTID signatures in the TEC measurements over Peninsular 
Malaysia was also investigated using VTEC map. The LSTID was 
found to propagate equatorward during this event. The results showed 
that the LSTID propagated with an average phase velocity of 526.41 
m/s and average periods of 140 min. The occurrence of this LSTID 
was also found to be the subsequent effects of substorm activities in 
the auroral region. 
 

Keywords—Global Positioning System (GPS), large-scale 
traveling ionospheric disturbance (LSTID), moderate geomagnetic 
storm, vertical total electron content (VTEC). 

I. INTRODUCTION 
ARGE-SCALE traveling ionospheric disturbances 
(LSTIDs) are ionospheric manifestation of atmospheric 

gravity waves (AGWs) generated by high-latitude sources 
such as Joule heating, Lorentz forces and particle precipitation 
[1]. The phenomenon of LSTIDs had been studied by 
researchers since four decades ago [2]. LSTIDs were reported 
to have wavelengths of more than 1000km, phase velocities of 
300-1000m/s and occurs between 30min and 3 hours [3]. 
These disturbances play an important role in the dynamics of 
the thermosphere as LSTIDs propagate away from the source 
region and leading to the global energy redistribution [4]. 

LSTIDs can be observed by various measurement 
techniques such as ionosonde [5], incoherent scatter radar [6], 
HF Doppler [7] and airglow imager [8]. Recently, many 
studies reported the use of Global Positioning System (GPS) 
to study LSTIDs [5], [9]-[13]. Research on LSTIDs has 
become significant due to the fact that these ionospheric 
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disturbances may affect satellite communication and 
navigation systems. Reference [14] investigated the form and 
dynamics of LSTIDs during a strong magnetic storm on 25 
September 1998 in North America using ground-based GPS 
arrays. They found that the LSTIDs propagated equatorward 
with mean velocity of 300 m/s. Reference [10] studied 
magnetic conjugacy of LSTIDs using the GPS Earth 
Observation Network (GEONET) and International GNSS 
Service (IGS) in Japan and Australia, respectively. They found 
that the LSTIDs observed simultaneously over both Northern 
and Southern hemispheres are not connected 
electromagnetically through the magnetic field but the AGWs 
were propagating to the equator independently in both 
hemispheres. The LSTIDs were simultaneously observed in 
both Northern and Southern hemispheres during the sudden 
storm commencement (SSC) but vanished in the Southern 
hemisphere during the recovery phase of the storm. The 
hemispheric asymmetric response of the F-region was 
attributed to presence of different mechanisms for the 
generation of equatorial spread-F along the various latitudinal 
regions during the disturbed period. Reference [12] observed 
the propagation of LSTIDs during the super magnetic storm of 
29 and 30 October 2003 over North America in the GPS total 
electron content (TEC) measurements. These LSTIDs 
propagated southwestward in less than 2 hours with a front 
width about 4000 km. LSTIDs were also observed by [13] in 
the TEC measurements over North America, Europe and East 
Asia during magnetic storm of 7 to 10 November 2004 with 
mean horizontal phase velocity of 350 to 550 m/s but the 
propagation azimuths of LSTIDs were found to be dependent 
on latitudes and as they tended to deflect more to west from 
south as they propagate to lower latitudes. The source regions 
of LSTIDs were located between 68°N to 62°N and 65°N to 
57°N as observed using magnetic H component. 

The main purpose of this paper is to contribute to the 
knowledge of the LSTID occurrence at equatorial region in 
Peninsular Malaysia. This paper aims at investigating the 
equatorward propagating LSTID during moderate magnetic 
storm of 25 October 2011 over Peninsular Malaysia using 
vertical TEC (VTEC) from the GPS observation measurement. 
It also attempts to investigate the propagation of the LSTID 
signatures in the GPS TEC measurements using VTEC map. 
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IV. CONCLUSION 
We have presented the results of LSTID observation during 

moderate magnetic storm event in October 2011 over the 
equatorial region in the Peninsular Malaysia using VTEC from 
the GPS observations measurement. The results showed that 
during the 25 October 2011 magnetic storm event the 
equatorward movement of LSTID was found at Peninsular 
Malaysia with average phase velocity of 526.41 m/s and 
periods of 143min. The occurrence of this LSTID was also 
found to have high correlation with magnetic activity at high-
latitudes. To provide a better understand in the generation and 
mechanism of this LSTID over Peninsular Malaysia, more 
observational data and other instruments measurement are 
needed. 
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