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Abstract 
 

Simultaneous observations of the ionosphere using the 

ionosonde and dense GPS / GLONASS receivers network 

allow us to investigate TIDs parameters by two 

independent methods. Two-dimensional TEC perturbation 

maps using 150 GPS / GLONASS receivers were 

obtained. The distance between the network cells is about 

40 km and the temporal resolution of the network is 30 

seconds. The ionosonde works in one minute cadence. 

The ionosonde located inside the GPS / GLONASS 

sounding area. Daytime MSTIDs with wavefronts 

stretching in NE–SW direction are observed on TEC 

maps. These structures propagate southeastward at the 

velocity of 100– 150 m/s. Their wavelengths are 250-300 

km and amplitudes are larger than 0.4 TECU. For the 

same time the ionogram variations of F2-peak plasma 

frequency with peak-to-peak amplitude near 0.3 MHz are 

observed. The periods of TEC perturbations and F2-peak 

frequency variations are close (~40 min). The maximum 

deviation of F2-peak frequency corresponds to minimum 

value of TEC perturbation over the ionosonde. 

 

1. Introduction 
 

Perturbations of TEC known as traveling ionospheric 

disturbances (TIDs), which have been studied with 

several observational techniques, such as ionosondes 

[Bowman et al., 1990], incoherent scatter (IS) radars 

[Oliver et al., 1997], satellite beacons [Jacobson et al., 

1995], and HF Doppler radars [Waldock and Jones, 

1986], GNSS methods [Saito et al., 1998]. For various 

reasons, separately these methods cannot provide 

continuous temporal and spatial map of TIDs location 

with wide horizontal and vertical coverage. 

 

The appearance of the dense network of GPS receivers 

gave impetus to the observations of ionospheric 

irregularities with new two-dimensional and three-

dimensional ionosphere reconstruction techniques 

[Tsugawa et al., 2007, Seemala et al., 2014]. The spatial 

horizontal dimension of irregularities, which is able to 

observe by a network of GPS receivers depend on the 

distance between the network cells. The GPS methods 

characterized by strong azimuthal dependence of TEC 

response for some ranges of TIDs directions. 

Consequently, some TIDs can become lower than the 

noise of phase measurements [Afraimovich et al.,2000]. 

The ionosonde observations seem can detect all TIDs 

passing over head with ΔN/N > 10%. The threshold value 

of ΔN/N>10% derived due to the absence of reliable 

investigations, which shows that ionosondes can observe 

irregularities with a scale size less than those that LSTIDs 

have. These irregularities can travel to equatorial direction 

on 1000 km distance without much attenuation and with 

velocity of 400-700 m/s [Evans et al., 1983]. The LSTIDs 

ΔN/N values are considered more than 10%. All multi-

instrumental observations with ionosonde assistance were 

focused on LSTIDs estimation during the geomagnetic 

storm periods [Habarulema et al., 2013, Ding et al., 2013]. 

For the LSTIDs estimation the foF2, and hmF2 ionosonde 

parameters are only used. However, the ionograms can 

contain different signatures such as spread F (double 

trace), V-shaped traces [see Bowman, 1991], U-shaped 

traces [see Lobb, 1977], hooks [see Cooper, Cummack, 

1986] traditionally attributed to MSTIDs. The compared 

ionosonde and dense GPS/GLONASS network data will 

allow us to verify the knowledge about TIDs parameters 

obtained by different methods, to find ionogram 

signatures appropriated to MSTIDs.  

 

2. Method and Results 

 
In this study we use the data from a dense GPS / 

GLONASS receiver’s network and the data from the 

ionosonde working in the minute cadence. More than 150 

GPS / GLONASS receiving points were used. Figure 1 

Figure 1. Location of GPS/GLONASS and ionosonde. 

Dots represent the locations of the GPS/GLONASS 

receivers. Red start represent the location of the ionosonde. 



shows the location of the ionosonde and GPS/GLONASS 

receivers. 

 

All GPS/GLONASS receivers provide the data of carrier 

phase and pseudo-range measurements in two frequencies 

(f1 = 1575.42 MHz, f2 = 1227.60 MHz for GPS receivers 

and f1=1602+n×0,5625 MHz , f2= 1246 MHz +n×0.4375 

MHz for GLONASS receivers, there n is the number of 

frequency channel (n =−7,−6,−5,…0,…,6,). The data of 

GPS/GLONASS data are converted to two-dimensional 

TEC perturbation maps for TID investigation.  

 

The TEC value for each pixel of two dimensional TEC 

map is an average of perturbations for all line-of-sight 

(LOS) between receiver and satellite, which crossed the 

pixel at 300 km altitude (the approximate F-region peak 

height). The size of each pixel is 0.15×0.15 in latitude and 

longitude. TEC map in each epoch is smoothed spatially 

Figure 2. Two-dimensional TEC perturbation maps on the right sight of figure and ionograms on the left 

side of figure. Dashed black line in the ionograms shows F2 peak frequency. Red star in TEC maps 

represent the ground location of the ionosonde, solid lines represent the wavefronts of band structures. 



with the running average of 5×5 pixel (0.75×0.75) in 

latitude and longitude.  

 

Figure 2 shows the ionograms and the two-dimensional 

maps of detrended TEC over European part of Russia in 

the daytime between 13:30 LT (09:30 UT) and 14:15 LT 

(10:15 UT) on September 21, 2016 with a 15-minute 

interval. The data from both GPS (G18) and GLONASS 

(R03) satellites were used. Band-like structures with 

wavefronts stretching in NE –SW direction are seen in the 

TEC maps. From their wave parameters the band 

structures can be identified as the daytime MSTIDs 

observed in Southern California [Kotake et al., 2007]. 

These structures propagate southeastward at the velocity 

of 100–150 m/s. Their wavelengths are 250-300 km and 

amplitudes are larger than 0.4 TECU. For the same time 

the F2-peak plasma frequency variations in the ionograms 

with peak-to-peak amplitude near 0.3 MHz are observed. 

The periods of TEC perturbations and F2-peak frequency 

variations are close (~40 min). The maximum deviation of 

F2-peak frequency corresponds to minimum value of TEC 

perturbation over the ionosonde.  

 

The hooks signatures (V-shaped traces) with 8-12 minutes 

lifetime in the ionograms are also observed (see figure 3). 

These signatures traditionally attributed to MSTIDs in 

ionosonde observations. But in our investigation their 

periods doesn’t match with TEC perturbations period as a 

response on daytime MSTIDs by dense GPS/GLONASS 

network.  

 

3. Conclusions 

 
The existed point of view that ionosondes can estimate 

only LSTIDs (plasma perturbations with scale size ΔN/N 

>10%) was dominated. It was based on the one of the 

striking LSTIDs feature, that they can travel a distance of 

1000 km without much attenuation. These features allow 

LSTID observation equipment with low sensitivity to 

plasma perturbations to be placed at 500 km distance 

[Evans et al., 1983]. So the value ΔN/N of such 

perturbations is clearly more than 10%. Presently, only 

such ionosonde measurements are generally performed. 

 

In our study we show that estimation of MSTIDs by 

ionosonde methods is a possible task. We use TEC maps 

to find plasma perturbations with daytime MSTIDs 

parameters. For a daytime MSTIDs with velocity of 100– 

150 m/s, 250-300 km wavelengths, 40 minutes TEC 

periods and amplitudes larger than 0.4 TECU, the 

variations of F2 peak frequency with 40 minutes period 

were found. At the same time the hook signatures were 

observed. But the lifetime of these hook signatures 

doesn’t match with MSTIDs period, so the scale size of 

perturbations associated with hooks is less than those of 

MSTIDs, at least in these investigations.  
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