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ABSTRACT 

Dual frequency Global Positioning System (GPS) receiver in two nearby stations i.e. BESI 

(28.228 
0
N, 84.739 

0
E) and GHER (28.375 

0
N, 84.739 

0
E) located at almost same latitude and 

longitude are used to measure ionospheric total electron content (TEC) for the year 2015. Since 

Year of 2014- 2016 have been known as most active years in terms of geomagnetic events, the 

year 2015 shows some abnormal results.  Diurnal, monthly and seasonal variations of GPS 

TEC have been studied. The difference in the value of TEC is observed between quiet and 

disturbed days. Moreover, the correlation between GPS-data of each month with solar activities 

parameters such as Kp index, disturbance storm time (Dst) index, and Solar Flux index (F10.7 

cm) have been studied, separately for quiet and disturbed days for each station. In case of 

diurnal variation, mean TEC varies from 0100 UT (LT= UT+5:45) to maximum from 0900 UT 

to 1100UT. The value of TEC is observed higher on quiet days than disturbed days. For 

seasonal variation, local seasons i.e. autumn, Spring, Summer and Winter is taken and, the 

value of TEC is found to be higher in Spring (March, April and May) in both stations in quiet 

and disturbed days. The difference in value of quiet and disturbed days of GPS-TEC explained 

the geomagnetic phenomena difference in these days in ionosphere. This study can be useful to 

calculate the water vapor concentration in the atmosphere which is useful for weather 

prediction and meteorological department. 

 

Keywords: GPS, TEC, Solar Indices, Quiet and Disturbed. 

 

1. INTRODUCTION 

Ionosphere is the region extending from 60km-

1000km differentiated into different layers. 

Ionosphere contains different types of ions and 

electrons so its changing behavior is very 

interesting and mysterious. Different types of 

researches and studies are going in the basis of 

TEC. It is one of the significant parameters to study 

the ionospheric dynamics on the basic of variation 

of TEC with local time, seasons and solar activities 

[- 4]. In past years, GPS has become an important 

tool to study ionospheric character [5 6 7 8]. Due to 

increment in demand of GPS- based navigation 

appliances in satellites, aircrafts and other 

transportations, the study of TEC is heightened [9]. 

The GPS-TEC is the total number of electrons in a 

vertical column of 1    cross-section from the 

height of the GPS satellite (~ 20,000 km) to the 

receiver on the ground. It is measured in TEC Unit 

(TECU) and 1 TECU is equal to 1×10
16

 el 

   [10]. The ionospheric delay which is 

proportional to TEC is the highest contributor of 

GPS positional errors[10]. TEC helps us to 

understand the changes of ionosphere that may be 

either long –term or short-term caused by the 

factors like solar activities, geomagnetic storms and 

meteorological influences [1, 4, 11]. Many 

ionospheric studies are done for disturbed and quiet 

days [4, 6, 8, 11, 12]. Besides that, Global maps of 

ionospheric TEC have been made for the 

measurements of Vertical TEC (VTEC) and also 

used to calibrate the delay of radio signals[13].   
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2. MATERIALS AND METHODS 

GPS data obtained from satellite and receiver 

needs to process. Chauhan et al. (2011) and 

Arikan et al. (2003) [7, 14 ]  have given different 

methods for calculation of TEC. In this paper, the 

method given by Chauhan et al. (2011) is 

followed. Using a dual frequency receiver having 

L1=1575.42MHz and L2=1227 TEC 

measurements have been carried out through 

combined frequencies such as  

 

TEC = [9.483*(PRL2-PRL1 - ∆C/A-P, PRN) + TECRX + TECCAL] TECU ... (1) [8] 

 

Where, PRL1 and PRL2, are pseudo-range in meters 

for L1 (1227.45MHz) and L2 (1555.60MHz) 

frequencies respectively; ∆C/A-P, PRN, is the input 

bias between satellite C/A- and P-code chip 

transition in meters [15]. There are 32 pseudo 

random noise (PRN) values (one for each satellite) 

which added to the C/A code pseudo-range 

measurements. TECRX is the TEC result due to 

internal receiver L1/L2 delay and TECCAL is the 

calibration error for user [15]. As shown in Figure 

1, Slant TEC (STEC) depends upon ray path 

geometry through the ionosphere, an independent 

and equivalent VTEC of elevation angle is 

calculated [5] using a mapping function as shown 

in equation 2, and geometry of Figure 1. 

 

 

Fig.1: Conversion of STEC to VTEC source 

  

     
 

      
        

      

     
            

... (2) 
 

where,   , is the mean radius of the earth in;   , 

the ionosphere (effective) height above the 

earth’s surface; Z, the zenith angle; and E, the 

elevation angle in degrees [7]. Rama Rao et al. 

(2006) [9] observed that the IPP (Ionospheric 

Pierce Point) attitude of 350 km is valid for the 

satellite elevation angle greater than 20°. A GPS 

receiver can lock the signal of more than one 

satellite at a time at different angle of elevation 

from the receivers. Due to different ray path, 

STEC as measured at a time on the receiver 

differs from one satellite to another. Hence we 

have separated the values of STEC for each 

satellite with their unique PRN code. 

The codes help in identification of the satellite by a 

receiver, while receiving its data. PRN are used as 

an identification measure in code division multiple 

access (CDMA) based satellite navigation system 

[16]. Each Satellite throughout the world within a 

GNSS constellation has a unique PRN code that it 

transmits as part of the Civilian Access navigation 

message, which allows receiver to identify exactly 

which satellite(s) it is receiving [17].  

There are various GPS stations (as shown in Figure 

2) which are installed in Nepal among those 

stations we analyzed two stations data TEC data is 

obtained from GPS which is made available by 

UNAVCO in the form of RINEX (Receiver 

Independent Exchange Format) www.unavco.org . 

The RINEX files are processed into American 

slandered code for information interchange (ASCII) 

files by using Gopi Semeela Software [18]  

https://seemala.blogspot.com. Two stations BESI 

(28.228 
0
N, 84.739 

0
E) and GHER (28.375 

0
N, 

84.739 
0
E) are taken for this study.  

 

 

Fig. 2: Map of Nepal showing GPS stations.  

 

Data of every 60 sec was obtained from these 

stations and then was processed into hourly data. 
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The mean TEC value is taken in our study. These 

stations are nearly at same latitude and longitude. 

Five quietest and ten most disturbed days of the 

month was obtained from two authorized site 

http://isgi.unistra.fr/events_qdays.php and 

http://wdc.kugi.kyoto-u.ac.jp/qddays/index.html   

 

3. RESULTS AND DISCUSSIONS 

Diurnal, Seasonal and Monthly variations of GPS- 

TEC from two stations BESI and GHER have been 

studied on Geo-magnetically quiet and disturbed 

days. Separate study has been performed for better 

understanding of each case.  

Data of all months were not available for every 

month due to the technical problems at the stations. 

Data of February to October was available of BESI 

station with few missing days. Data of February to 

December was available of GHER station with few 

missing days.  

3.1. Diurnal Variation of TEC 

Diurnal variation of TEC has been studied 

separately for quiet and disturbed days for two 

stations of the year 2015. Graphs of each quiet and 

disturbed day are presented for each month 

showing daily change. The value of TEC was 

greater for quiet days than disturbed days in some 

months and days which are opposite to the general 

result i.e. the higher value of VTEC in Disturbed 

days than Quiet days. It suggested that a TEC value 

does not only depend upon solar parameters.  

3.1.1. Quiet Days Variation 

Figure (3) and figure (4) show the mass data plots 

of quiet days obtained from two stations i.e. BESI 

and GHER respectively of the year 2015. 

 

 
 

 

  
 

 
 

 

 
 

 

Fig. 3: Mass plots of quite days of month 2015 for the BESI station 
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Fig. 4: Mass plots of quite days of month 2015 for the GHER station 

 

From the graph, it can be observed that the 

maximum value occurs from 0900UT to 1100 UT. 

Generally, the diurnal variation of TEC is minimum 

a pre-dawn, a steady increase in the early morning 

followed by afternoon maximum then gradual 

decrease after the sunset. The variation for peak 

value of TEC differs each and every day and also 

the time of the peak value. The peak value of 

VTEC in BESI station has been found from 

0800UT to 1100UT. The highest value of VTEC 

has been observed to be 89.39 TECU in March and 

the lowest to be 37.88 TECU in May. The peak 

value of VTEC in GHER station has been found 

from 0800UT to 1200 UT. The highest value of 

VTEC has been found to be 89.27 TECU in March 

and the lowest to be 33.29 TECU in November. 

Variation for daytime was larger than night time for 

every station. The higher value of TEC is found in 

February, March and April compared to other 

months. The enhancement of TEC particularly at 

the low latitude stations during daytime can be 

associated with the upward drift of plasma caused 

by the fountain effect as a result of   E × B drift and 

the consequent gravity force and gradient pressure 

which form two peaks known as the EIA [19]. 

3.1.2. Disturbed day's variation 

Figure (5) and figure (6) show the mass data plots 

of disturbed days of the stations taken in our study 

i.e. BESI and GHER respectively. Similar type of 

graph was obtained as in quiet days but the values 

were low as compared to quiet days. Large 

variation was observed in daytime than night time 

as in quiet days. The time and value was varied 

each and every day. The highest value of TEC was 

mainly observed from 0800 UT to 1100UT.  The 

first super geomagnetic storm (Dst< −200 nT) of 

solar cycle 24 occurred on “St. Patrick’s day” on 

17
th
 March [12]. The peak value of VTEC in BESI 

has been found from 0700 UT to 1300 UT. The 

highest value of VTEC has been found to be 69.817 

TECU in April and the lowest to be 35.14 TECU in 

August. The peak value of VTEC In GHER has 

been observed from 0700 UT to 1300 UT .The 

highest value of VTEC has been found to be 66.35 

TECU in April and the lowest to be 30.60 TECU in 

September. 
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Fig. 5: Diurnal variation of VTEC (TECU) of disturbed days of BESI station of the year 2015 

 

   

   

   

Fig. 6: Diurnal variation of VTEC (TECU) of disturbed day of GHER station of the year 2015. 

 

3.2.  Seasonal Variation of TEC 

Seasonal variation of the year 2015 for two stations 

has been observed. Local seasons, autumn 

(September, October and November), spring 

(March, April and May), summer (June, July and 

August) and winter (December, January and 

February) were taken for the study with consisting 

each of 3 months. TEC value of spring was found 

to be greater than other seasons. Hourly data was 

compared to seasons. The peak value of VTEC has 

been found from 0800LT to 1000 UT for different 

seasons. Analysis for quiet and disturbed days was 

done separately for each seasons and stations. 

3.2.1. Quiet Days 

Figure (7) show the graph of the seasonal variations 

for the stations i.e. BESI and GHER, respectively 
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taken in our study for quiet days. The value and 

time for peak value varies every season.  
 

  
Fig. 7: Seasonal variation of VTEC (TECU) of quiet day of 

GHER and BESI stations of the year 2015 

 

The peak value of VTEC in BESI has been 

observed around 0800 UT to 0900 UT. The highest 

value of VTEC has been found to be 42.58 TECU 

in spring at 0900 UT than other months whereas the 

lowest value has been found to be 32.78 TECU in 

summer at 0800 UT. The peak value of VTEC in 

GHER has been found around 0800 UT to 1100 

UT. The highest value of VTEC has been found to 

be 43.38 TECU in spring at 0900 UT and the 

lowest has been found to be 25.12 TECU in 

Autumn at 0900 UT.    

3.2.2. Disturbed Days 

Figure (8) show the seasonal variations for 

disturbed days for stations BESI (left) and GHER 

(right) respectively. Similar observations were 

obtained for disturbed days as in quiet days. The 

peak value of VTEC in BESI has been found from 

0800 UT to 1000 UT. The highest value of VTEC 

has been found to be 44.87 TECU in spring at 0900 

UT and the lowest has been found to be 28.48 

TECU in autumn at 100UT. The peak value of 

VTEC in GHER has been found from 0800LT to 

0900LT. The highest value of VTEC has been 

found to be 43.38 TECU in Spring at 0900 UT and 

the lowest has been found to be 24.84 TECU in 

Autumn at 0800 UT. 
 

  
Fig. 8: seasonal variation of the year 2015 for disturbed 

days for stations BESI and GHER  

 

3.3. Monthly Variation of TEC 

Mean TEC of each month has been taken and the 

values were plotted for both stations i.e. BESI and 

GHER. Separate analysis has been performed for 

quiet and disturbed day. 

3.3.1. Quiet Days 

Figure (9) show the monthly variation of the year 

2015 for quiet days for stations BESI and GHER 

respectively. In BESI, the highest value of VTEC 

has been found to be 29.09 TECU in April and the 

lowest was found to be 15.36 TCU in August. In 

GHER, the highest value of VTEC has been found 

to be 23.12 TECU in April and the lowest value has 

been found to be 7.77 TECU in December in 

GHER. 
 

  
Fig. 9: Monthly variation of the year 2015 for quite days 

for stations BESI and GHER respectively 

 

3.3.2. Disturbed Days 

Figure (10) show the monthly variation of VTEC in 

two stations BESI and GHER, respectively. In 

BESI, the highest value of VTEC has been found to 

be 26.12 TECU in April and the lowest value has 

been found to be 14.76 TECU in September. In 

GHER, the highest value of VTEC has been found 

to be 23.00 TECU in May and the lowest value has 

been found to be 8.58 TECU in April. 
 

  
Fig. 10: monthly variation of the year 2015 for quite 

days for stations BESI and GHER respectively 

 

4. CONCLUSION 

Diurnal, Seasonal and Monthly variations of GPS- 

TEC have been studied for both stations i.e. BESI 

and GHER stations for the year 2015 which are 

located at almost same latitude and longitude. The 

study for it was done separately for quiet and 

disturbed days. Mean TEC varies from 0100 UT 

(LT= UT+5:45) to maximum from 0900 UT to 
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1100 UT showing pre- dawn minimum and steep 

rise in the morning and peak value around 1100 U 

and then gradual decrease after sunset. The highest 

value of TEC was observed in spring for both 

stations. The difference in value of quiet and 

disturbed days of GPS- TEC explained the 

geomagnetic phenomena difference in these days in 

ionosphere. This study may be useful to calculate 

the water vapor concentration in the atmosphere 

which is useful for weather prediction and 

meteorological department which is also described 

in my previous paper [8 9].  
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