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ABSTRACT 
 
The data from USA GPS network and GPS receiver on the LEO satellite CHAMP permit to determine parameters of large-
scale traveling ionospheric disturbance (LS TID) occurred at the moment of might geomagnetic field change on October 30, 
2003. The disturbance had duration about 40 min and amplitude of local electron density up to 40%. It traveled from 
northeast to southwest of USA without form changing at the distance up to 4500 km. The disturbance velocity reached 1400 
m/s that exceeded sound velocity at the F-layer maximum heights. The study results are in good agreement with Savina-
Yerukhimov’s solitary wave model [1]. 
 
INTRODUCTION  
 
The research of solitary waves in Earth’s atmosphere appearing in the F-layer of ionosphere in the form of LS TID is of 
great scientific and practical interest [1]. Authors [2] have registered the LS TID like the solitary wave using ionosondes 
data for the period of the intensive substorm on September 18, 1974. They had estimated the duration of disturbance (~40 
min), its velocity (~1000 m/s) and the direction of traveling (equatorward). However, the density of ionosondes network 
and their temporal resolution were not enough for the adequate determination of basic parameters of such disturbances. LS 
TID described in the work [2], authors [1] interpreted as a solitary wave propagating in the unlimited pressurized isothermal 
atmosphere. Following the authors [1, 2] the term «solitary waves» is used in this work. 
 
In ISTP SD RAS is worked out the ideology and software complex GLOBDET of global detecting and monitoring of 
ionosphere disturbances of natural and technogenic origin using the measurements data of total electron content (TEC) 
variations at the global network of GPS receivers. The use of the GLOBDET technique allowed determining parameters of 
the LS TID observed on October 30, 2003 in USA with high space-temporal resolution [3]. 
 
GENERAL INFORMATION ABOUT THE EXPERIMENT 
 
The experiment geometry at the USA (300–550N; 2350–2900E) on October 30, 2003, 19–21 UT is presented in Fig. 1. The 
points mark the GPS stations. By the asterisk is shown the location of magnetic station Ottawa (45,40N; 284,450E). On the 
top of Fig. 2 the unusually powerful variations of H-component of magnetic field registered at the station Ottawa on 
October 30, 2003 from 12:00 till 24:00 UT are shown. The moment tmax of the maximal disturbance of H(t) is marked by the 
vertical dotted line. 
 
At first TEC variations dI(t) were filtered out from the TEC data at each of the GPS stations with a time window of 60 min. 
The data were chosen for GPS satellite with number PRN27, which trajectory was most suitable for the TID registration [4]. 
Variations dI(t) are shown in Fig. 2 with a shift (see below); n=145 is the number of PRN27 trajectories with high data 
quality (absence of TEC phase measurements slips). The scale of dI(t) in TECU is given by the vertical bar. It is seen from 
Fig. 2 that TEC variations are similar in form, but they have a time shift relative to each other. A dot on one of the curves 
indicates the minimum value of TEC variations tmin recorded for each curve. The mean value of the disturbance duration ∆T 
(shown in Fig. 2 by the horizontal arrows) was approximately equal to 40 min. 
 
After this, we applied the method SADM-GPS [5] to determine the horizontal velocity Vh and direction α of TID 
propagation counted clockwise from the north N. Rectangles A, B and C in Fig. 1 indicate the regions where the TID 
parameters were determined. In all regions, the velocity and direction turned out to be close to 1400 m/s and 235°, 
respectively. This fact allowed presenting the results in a clearer way. 
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Fig. 1 
 

The wave vector of the disturbance K is directed to the southwest, α = 2350 (Fig. 1). Let us make a transition to a 
topocentric coordinate system (xOy) with the center at point O (large dot in Fig. 1; 300N; 2350E) and coordinate axes (x, y) 
directed to the east E and north N, respectively. Let us rotate coordinate system (xOy) counterclockwise by the angle θ = 
350. Then, in the new coordinate system (x'Oy'), wave vector K would be directed along axis x'. The flat phase front would 
pass over different GPS stations according to their coordinate x' regardless of coordinates y'. Then, x' is distance D from the 
GPS receiver to the point O. The corresponding projection of the great-circle arc is shown by a solid line passing from the 
coordinate center (x'Oy') in the direction with azimuth α = 550 opposite to the direction of vector K. 
 

 
 

Fig. 2 
 

In order to depict the displacement of TID along D, constant components proportional to distance D were added to all 
filtered TEC series dI(t) (Fig. 2). As is seen from Fig. 2, the observed disturbance propagated practically without changes of 
its form over a distance exceeding 4500 km. 
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COMPARISON OF TEC VARIATIONS OBTAINED FROM GROUND GPS STATIONS AND THE LOW 
EARTH ORBITER «CHAMP». 
 
Distribution of GPS-receivers over the globe is not uniform. In the regions with low density of GPS-receivers we could 
solve the problem of TID detection by the use of data obtained from GPS-receivers placed aboard low-orbit satellites. We 
used the data of GPS-receiver at the low-orbit satellite «Champ» [6]. 
 
The distribution of the amplitude of TEC variations filtered at range of 30-60 min at the territory of North America for 
20:08 UT on October 30, 2003 is presented in Fig. 3. The black and gray points present the distribution of GPS stations. 
Points scatter radius over each of the stations is proportional to the TEC variations amplitude for this station with a scale of 
3 TECU/1°. Black points correspond to the positive phase of TEC disturbance, the gray ones – to the negative. The gray 
dashed line shows the approximate location of the jump from the positive phase of TEC disturbance to the negative one. 
Black dotted line presents the «Champ» satellite trajectory projection for the interval 20:08-20:14 UT. This time interval is 
much smaller than the typical period of considered LS TID (~40 min). Thus, «Champ» makes almost the momentum spatial 
section of the researched disturbance. TEC data were determined at ray «GPS PRN31 – Champ». The black solid line 
shows dependence of TEC variations dI filtered at a range of 2-10 min on the latitude of «Champ» under-satellite point. 
Such a range of periods corresponds to the spatial sizes of disturbance at a range of 900 – 4500 km under the velocity of 
«Champ» of about 7,6 km/s. Horizontal coordinate axis presenting the amplitude of corresponding variations is given in the 
upper part of the figure. 
 
Out from the Fig. 3 it is seen that the positive deviation of TEC variations dI relative to the average level according to the 
«Champ» data is observed during the satellite flight in the region of positive phase of TEC disturbance according to the data 
from ground GPS stations, and the negative one – during the flight in the region of the negative phase of TEC disturbance. 
The jump from the positive deviation of TEC variations dI to the negative one happens in the region of «Champ» trajectory 
crossing with the gray dashed line, dividing the positive and negative phases of TEC disturbance according to the landing 
GPS stations data. 
 

         
 
                                                  Fig. 3                                                                                                                          Fig. 4 
 
Thus, the spatial distribution of the positive and negative phases of TEC disturbance according to the data of ground GPS 
stations is agreed with the data of GPS-receiver aboard the low earth orbiter «Champ». 
 
DETERMINATION OF THE DISTURBANCE AMPLITUDE. 
 
Approximated estimates had shown that at the south-west of USA the relative amplitude dI/I0 of the considered LS TID was 
about 10-14%. The absolute ''vertical'' value of TEC I0 was calculated using data of GPS network (GIM technology – [7]). 
One of the key problems of ionosphere research using transionospheric sounding is the question about the correspondence 
of TID parameters determined from TEC data and local characteristics of disturbances in ionosphere. For the solution of 
this problem it is necessary to use new data obtained with a help of other geophysical instruments: ionosondes, radars of 
incoherent scatter. 
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In order to compare integral intensity of the LS TID according to TEC data with intensity of local electron density 
disturbance we used TEC data from GPS station SUM1 (34,80N; 257,50E) and F-layer critical frequency f0F2 data from 
ionosonde Dyess AFB (32,50N; 260,30E). 
 
In the Fig. 4 the filtered TEC variations dI(t) measured at two rays «SUM1-PRN13 GPS» and «SUM1-PRN27 GPS» are 
shown by the solid and dashed lines. The f0F2 fluctuations determined at the ionosonde are given by the solid line with 
triangles. The scale of the corresponding approximated values of electron density N is shown in the Fig. 4 on the right side. 
TEC and f0F2 series are similar. The change of the critical frequency f0F2 from 11 to 14 MHz corresponds to the relative 
amplitude of electron density disturbance ∆N/N in the F-layer maximum about 40%. The ratio of the relative amplitudes of 
considered disturbance according to the TEC data (14%) and electron density data (40%) gives the basis to propose the 
localization of this disturbance in the region of ionospheric F-layer with typical vertical size not more than 150-200 km. 
 
DISCUSSION 
 
Basic characteristics of LS TID observed on October 30, 2003 in USA almost correspond to the features, according to 
which it can be related to the solitary waves class. First of all, it is the disturbance form saving at a distance more than 4500 
km. Secondly, the large relative amplitude of TEC disturbance, which significantly exceeds the disturbances intensity with 
the period of about 1 h during the magnetic calm days (not more than 2% – [10]). Thirdly, it is the large velocity of 
disturbance traveling. LS TID was propagating with the velocity more than the sound velocity at height of ionospheric F-
region making main contribution to the TEC value. The compare analysis of the LS TID relative amplitude, determined 
according to the TEC variations and the critical frequency changes, singled out the expressed height localization of the 
disturbance in the region of main maximum of electron density. It provides the earlier results obtained in work [11] where 
the comparison of simultaneous TID characteristics measurements using Irkutsk incoherent scatter radar and GPS stations 
data was made. 
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