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Abstract 
 

The paper shows the possibility of rapid extraction from 

more frequent ionograms not only strong medium-scale 

traveling ionospheric disturbances (MSTIDs) in the F 

region in the form of cusps and hooks, but also weak 

MSTIDs, whose form may differ from the cusp (hook) 

shaped. To isolate these MSTIDs will be enough to follow 

the slope of the F layer cusp (about the critical frequency). 

Another important feature is the lowering of the ordinary 

cusp below extraordinary one and vice versa. New stable 

parameter based on the differential rotation of the tracе 

and characterized the activity of weak MSTIDs was 

proposed 

 

1. Introduction 
 

Currently, more than ever before mid-latitude middle-

scale traveling ionospheric disturbances (MSTIDs) in the 

F region are the focus of various monitoring tools and 

measurement techniques. However, any modern tool 

alone is not able to continuously monitor all three-

dimensional MSTID body entirely. Due to the nature of 

their devices and the limited financial cost of any of the 

instruments used records either only some small part of 

the disturbance or wide plane two-dimensional projection 

of the MSTIDs from a set of one-dimensional projections 

(or two-dimensional projection in the case of optical 

devices). By virtue of that, a full-scale observation of 

MSTID requires the sharing of such measuring 

instruments, whose observations can effectively 

complement each other. 

 

At the moment, method of incoherent scatter is the most 

informative which looked through the ionosphere (as well 

as the MSTIDs) by using a narrow conical beam, 

however, the need for huge power significantly weighed 

down the antenna, which greatly constrains mobility of 

conical radiated beam. In real experiments with the most 

powerful IS radar the conical beam is fixed / inactive and 

usually upward (although as a compromise may apply 

additional second oblique beam). These observations 

provide a height-time section of excellent quality, in 

which MSTIDs is easily viewed up to the amplitude δ (= 

ΔN/N) ~ 10
-3

 [1,2]. 

 

Attempts to get a comparable quality picture of vertical 

section of the ionosphere with the so-called tomography 

applied to the “translucent” sounding, in which a wide 

range of different locations of the transceiver systems was 

performed, unfortunately, were not as successful as that of 

IS. The main disadvantage of such experiments was that it 

was not possible to obtain a stable pattern of vertical 

section of MSTIDs. Perhaps this is due to the long time of 

accumulation of overlapping projections during beacon 

pass over receiver array (5-10 min). [3] However, due to 

the large number of currently GPS / GLONASS receivers 

the “translucent” sounding using these high Earth orbit 

satellites focused mainly on the construction of maps of 

TEC deviations from the background (two-dimensional 

projection of the inhomogeneous structure of the 

ionosphere, assembled from a set of one-dimensional 

projections with the loss of the vertical structure). 

Although recently attempts of 3D reconstructions become 

frequent, but the method does not allow the weak 

irregularities with δ <10
-1 

to be isolated. 

 

2. The choice of observation parameters of 

weak MSTIDs 
 

In this rapid race for obtaining volumetric MSTID portrait 

the ionosondes has not yet found a decent place, although 

some alliances suggest themselves: addition of the vertical 

structure from the ionosonde to two-dimensional TEC 

maps [4]. However, there is still the question of the ability 

ionosondes obtain the necessary information, and if not in 

the form of volumetric portrait, then at least a reliable 

method of detecting the MSTIDs. In this formulation, the 

most important is to identify the maximum sampling rate 

of ionograms to avoid undersampling phenomenon. No 

less important is the search for such elements or 

parameters on ionogram that most clearly show the 

MSTID passage. Around such a manner clearly questions 

were originally supplied in [5, 6], based on the concept of 

moving the slopes of reflecting surfaces (horizontal 

gradient) due to the action of IGW. The concept of 

moving slopes arose from the authors, in the first place, 

because in these studies [5, 6] the technique of 

unambiguous detection of MSTID have not worked out a. 

 

The calculation of quite accurate Ne profiles (within the 

known limits) is constrained with ionograms recorded 

during periods where the condition of parallel 

stratification environment was satisfied [5]. It is believed 

that the slope of the layer as low as few degrees does not 

have a serious impact on the calculation of the profile in 

the middle or low latitudes [7]. The only fully convincing 

evidence for parallel stratification is measuring the arrival 

angle [5]. In the absence of a receiving antenna array, 

which allows the arrival angles to be measured, less 



reliable indicator of the deviation from the parallel 

stratification is offered. It is change in curvature or 

decrease the tracks slope near the peak of the F region due 

to the strong horizontal gradient. Unreliability of this 

parameter due to the fact that such behavior cusp of F 

layer trace can also be caused by a small deformation of 

the layer near its maximum without any deviation from 

the parallel stratification. 

 

One summer and one winter day were selected for initial 

testing the possibility of using the slope of the F layer 

cusp as an MSTID indicator. The reason for the choice is 

that in winter geomagnetic quiet days the strong MSTID 

dominated (with δ> 10
-1

) in his classic cusp- or hook-

shaped form, "preventing" monitoring of weak MSTID 

(with δ <10
-1

). In the summer magnetically quiet days the 

picture is reversed the most of MSTIDs constitutes weak 

MSTIDs with low occurrence rate of strong ones. It is 

obvious that the extraction of strong MSTIDs in hook- or 

cusp-shaped form is not a big difficulty; therefore the 

focus in given work is to the weak MSTIDs that may have 

a different shape than the hook- or cusp-shaped ones. 

 

 

Figure 1. Examples of typical winter (top) and summer 

(bottom) ionograms. 

 

Figure 1 shows a typical ionograms for winter (with the 

hook-shaped TIDs) and summer (with the splitting of F 

layer into two layers) with approximately equal critical 

frequencies. In February 2016 (Feb. 25) the day with the 

least occurrence of hook-shaped TIDs was selected., it 

finite-difference ratio Δf/Δh' at a frequency f = 0,834 foF2 

was calculated for this day, which are shown in Fig. 2, 

together with the critical frequency of the layer F. 

 

 

Figure 2. Daytime winter variations of F layer critical 

frequencies (top) and the F layer cusp slope. 

 

 

Figure 3. Daytime summer variations of F layer critical 

frequencies (top) and the F layer cusp slope. 

 

As can be seen from Figure 2, no significant advantage in 

the TID isolation on the base of cusp slope in relation 

with those of critical frequency is not obtained. the 

differences is only in the phase fluctuations. However, for 

the summer period (Figure 3) the picture changes 

significantly: Variations of cusp slope more pronounced 

and more frequent, and work with them much easier. 

 

To understand the reason of lower efficiency of the cusp 

slope as an MSTID indicator the all daytime winter 

ionograms were carefully reviewed. Example of passing a 

weak MSTID is shown in Fig. 4. Traces of two mode 

parabolic layer were superimposed to all ionograms to 

highlight F layer movements in ionogram. In all the these 

ionograms the model traces is in the same position. For 

more similarity (for hour period) real traces for this model 

parabolic layer half-thickness was selected for each mode 

separately (45 km for ordinary and 40 km for 

extraordinary). The figure shows that the MSTID in 

winter is exhibited rather in independent lowering F layer 

trace not so much in the cusp slope of the trace: first 

ordinary mode, then the extraordinary one. 

 



3. New parameter for weak MSTID 

extraction 
 

Traditional ionograms treatment was to isolation the 

altitude-frequency characteristics (or h'(f)-profile) of 

different layers by determining the number of points on 

the trace. Passed through them approximating function 

can be used to build more physical altitudinal variation of 

the electron density (Ne(h)-profile). In the simplest case, 

when the task of obtaining Ne(h)-profile is not necessary, 

the number of points on the track is reduced to two, 

characterizing the critical frequency and trace height. 

However, practical observations show that traces of the 

layers vary considerably from sounding to sounding - the 

amplitude or the thickness of the different parts of the 

trace is constantly changing. Trace may not be continuous 

and may include gaps. All this and the constant presence 

of noise complicate the selection the altitude-frequency 

characteristic. The way to the definition of maxima of 

reflection at each frequency gives errors that obscure the 

real altitude variation (<20 km). These errors do not allow 

the weak TIDs to be reliable detected. Track shape 

changes during the day do not allow the use of a universal 

trace template adjustable for several real trace points. In 

our opinion, in this situation the most appropriate would 

search for "universal" turning/permutation F layer trace 

points, converting initial trace into easily analyzed 

horizontal trace (as Es-trace). 

 

For such a rotation of the trace points we used the turns of 

points at different angles depending on the distance from 

the trace points to rotation axis installed at the layer trace 

bottom. This approach proved to be more reliable and 

enough stable to lacks (thickening) of the tract than the 

scale of the critical frequency or calculation cusp slope 

near the critical frequency, as the unfolding of the trace as 

the first step is not limited to such a strict choice of the 

location of the axis of rotation (see Fig. 4). 

 

 

Figure 4. An example of straightening trace F layer by 

differential rotation. 

 

Formula for the rotation angle φ = A*1.021
X
 has been 

found experimentally is best suited for this purpose. X is 

the distance from the rotation axis to the rotatable point. 

Value of parameter A is determined by fitting the layer 

trace to the horizontal position. An example of the use of 

parameter A, the critical frequency and maximum of the 

altitude histogram shown in Fig. 5. Variations of the 

parameter A are the most reliable. 

 

Figure 4. An example of the use of our parameter A to 

highlight weak MSTIDs. 

 

4. Conclusion 
 

In the course of the work performed, it was found that the 

rapid extraction of weak MSTIDs is possible not only to 

analyze the critical frequency of the F layer, but variations 

in the cusp slope of the F layer. Moreover, the analysis of 

this parameter instead of the critical frequency is preferred 

in summer. In winter, when a strong hook-like MSTID 

dominated, the asynchronous altitude variation of the 

cusps of the ordinary and extraordinary mode will better 

analyze. For the detection of weak MSTID, analysis of 

parameter produced in differential trace rotation is the 

most convenient. 
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