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Extended Abstract 

Ionospheric total electron content (TEC) is an essential parameter in the study of space 

weather. With the advent Global Navigation Satellite System (GNSS) technology, 

ionospheric TEC can be measured using dual-frequency GNSS receivers. TEC can be 

estimated along the signal path connecting the satellite and receiver. However, an 

unknown instrumental bias called the differential code bias (DCB), is inherent upon 

measurements which causes errors on TEC calculations. These are usually in the form of 

biases in TEC values. The International GNSS Service (IGS) provides these biases but only 

for its own network. In this study, a method for determining the unknown TEC bias for 

stations outside the IGS network is presented. This is done by first determining a stable 

absolute minimum TEC on a given day provided by the Global Ionosphere Maps (GIM). 

The TEC derived from GNSS is then matched with the absolute TEC from GIM at a given 

location. The difference between the GNSS TEC and GIM TEC will be used to estimate the 

TEC bias. This study used GNSS raw data from selected six IGS stations across different 

latitudes in 120°E longitude sector during five most quiet and five most disturbed days for 

every month of 2015. This is to evaluate the performance of the proposed method that 

will be used for non-IGS stations across different latitudes, month, and geomagnetic 

activity. Correlation results show that the proposed method is strongly correlated (R > 

0.990) with the standard method of calculating absolute TEC using the DCBs from IGS. 

The monthly absolute mean differences and root mean square differences (RMSD) are 

both < 7 TECU, respectively. It is also observed that the absolute mean differences and 

RMSDs are higher for stations in the low-latitude and equatorial regions. This is due to the 

high TEC gradients in these regions. For example, PIMO has the highest yearly mean 

difference (~2.7 TECU) and RMSD (~3.1) for both quiet and disturbed days while (insert 

stations statistics). This shows that the proposed method can provide a reliable result in 

calculating TEC regardless of the station’s latitude, month, and geomagnetic activity. 

The ionospheric total electron content (TEC) response during St. Patrick's Day 

geomagnetic storm of 2015 is an interest of study in the field of space weather. The 

response on geomagnetic storms in the low-latitude and equatorial regions are much 

considerable as compared to the high-latitude regions. This is due to a phenomenon 

known as the Equatorial Ionization Anomaly (EIA). This storm is the strongest geomagnetic 

storm of solar cycle 24 having reached a maximum Kp index of 8. The main cause of this 

storm is a coronal mass ejection (CME) from the Sun on March 15, 2015 recorded by 

SOHO/LASCO. The speed of this CME is estimated at ~668 km/s. The eruption happened 

at 02:13 UT of March 15, 2015 and arrived at ~05:00 UT March 17, 2015. The disturbance 

storm time (Dst) index rose from 15 nanoteslas nT at 03:21 UT to 56 nT at 05:31 UT. This stage 
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is called the initial phase of the storm. Next to it is the main phase of the storm wherein 

the Dst index dropped to a minimum value of –223 nT from 05:31 UT to 22:33 UT of March 

17, 2015. The recovery phase follows at 23:33 UT of March 17, 2015 and lasted until March 

19, 2015. The storm caused a Joule heating in the auroral regions triggering a surge of 

neutral wind towards the equatorial regions. The accumulation of neutrals in the 

equatorial regions provided more sources for photoionization during daytime. This 

enhancement was observed by Nava et. al at the American sector and by Ray et. al at 

the Indian sector wherein TEC was enhanced by ~30 TECU and ~90 TECU respectively. In 

the Philippine – Taiwan sector, TEC during the initial phase at ~12:00 UT was enhanced by 

~25 TECU on 10 GNSS receiver stations. It was depleted on the later hours of the main 

phase with a maximum depletion of ~33 TECU on PBAS. Upon the recovery phase on 

March 18, 2015, TEC was depleted on all stations for the whole day. The minimum dTEC 

(differential TEC) is observed at PBAS and the maximum percent depletion is observed at 

TWTF during the early hours of photoionization. The depletion was caused 

by the accumulation of neutrals in the equatorial region. The high amount of neutral 

particle density caused significant perturbations in particle composition thus depleting 

the TEC. Another study using GNSS data from an Asian sector at Macau, China showed 

a significant TEC decrease of 70 TECU, about 70% decrease compared to the quiet time, 

during March 18, 2015. The observational data from this study verify that GNSS TEC 

measurements along Asian sectors drop significantly during St. Patrick's geomagnetic 

storm. 


