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Motivation

 The requirements for the operation stability and accuracy of global

navigational satellite systems (GNSS), such as GLONASS and GPS, has

permanently increased. As the technologies of satellite and receiving

equipment improve, the accuracy and stability of these systems have
become gradually depending on the condition of propagation

medium, i.e., the ionosphere.

 Various ionospheric irregularities impact the group, phase, and

amplitude characteristics of the GNSS signals. This may result in a slip of

the navigational satellite system signals. These slips may potentially

affect the precision the navigation positioning increasing the

positioning error, when determining the coordinates.
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 We consider morphology of slips of slips of two types:

 The first type is the radio navigation signal parameter slips, i.e.,

the cases of slips in measuring the pseudo-range (code slips)

and in phase lock (phase slips) of the navigation signal. For

each group of satellites (GPS, GLONASS), we determine the

mean density (or probability) of slips as a ratio of slips number

(MT) to total number of measurements (S) in an hour.

 The second type slips are abrupt unphysical changes in TEC,

determined from the GNSS data. Here we consider as a slip the

TEC change rate of 1 TECU in 30 sec.
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 We calculated slips of both types at mid- and high- latitude

GNSS stations, located in Canada and Siberia regions over

the 2010-2018 period

Data

Location GNSS station Longitude, °E Latitude, °N Geomagnetic 

latitude

Mid-latitudes

Lac du Bonnet, Canada dubo -96 50 60

Holberg, Canada holb -128 50 54

Irkutsk, Russia irkj 104 52 47

Irkutsk, Russia istp 104 52 47

Novosibirsk, Russia novm 82 55 50

Kuujjuarapik, Canada kuuj -78 55 65

High-latitudes

Whitehorse, Canada whit -135 61 64

Baker Lake, Canada bake -96 64 73

Iqaluit, Canada iqal -68 64 72

Reykjavik, Iceland reyk -22 64 65

Tixi, Russia tixi 129 71 66
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Slips probability 5



Receiver
Coordinates GLONASS GPS

Lat, °N Lon, °E P_L1, % P_L2, % P_L1, % P_L2, %

DUBO SEPT POLARX5 50,26 264,13 0,69 2,73 0,06 0,06

IRKJ JPS LEGACY 52,22 104,31 0,17 11,51 0,04 0,09

ISTP JAVAD DELTA 52,25 104,26 0,21 2,08 0,05 0,05

BAKE TPS NET-G3A 64,32 263,99 0,12 2,46 0,001 0,08

TIXI JPS EGGDT 71,63 128,86 0,29 0,31 0,10 0,21
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TEC Slips probability 7



TEC Slips diurnal dynamics 8



Index of the ionosphere variability

 To assess the degree of ionospheric variability influence on slips

probability, we analyze the dependency of TEC slips density on

an integrated index for ionospheric variability.

 As such a parameter, we use WTEC index. The index reflects the

mean intensity of TEC variations (dI) over the established

periods (≤ 60 min) in the restricted area above a GNSS station.

 𝐴 𝑡 =
1

𝑇
 −𝑇/2
𝑇/2

𝑑𝐼 𝑡 + τ 𝑑τ

 𝑊𝑇𝐸𝐶 𝑡 =
 1
𝑁 𝐴

𝑖
𝑡 𝐹

𝑖
(𝑡)

 1
𝑁 𝐹

𝑖
(𝑡)

 [Voeykov et al., Results in Physics 11 (2018) 1056–1057]
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TEC Slips vs WTEC: high latitudes

0,49 0,53 0,51

0,52 0,57 0,54
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TEC Slips vs WTEC: mid-latitudes

0,39 0,46 0,45

0,41 0,55 0,55
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TEC Slips vs WTEC: mid-latitudes

0,57 0,570,49
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Positioning errors 14



Positioning errors 15



Conclusion

GNSS slips of two types at high- and mid-latitude stations for the 2010-2018 period

are analyzed.

The cycle slips density in both regions is shown to be lower for GPS system than

that for GLONASS, especially at L2 frequency.

We revealed a clear dependency of TEC slips density on the integrated

ionosphere variability index (WTEC) at high latitudes. The correlation is better in

winter and during nighttime.

Positioning errors (in PPP mode) are shown to significantly increase during the
solar flares accompanied with radio bursts.
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