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Abstract— While estimating ionospheric total electron content by using both pseudorange and
phase GPS/GLONASS data, there occurs a significant systematic error caused by differential
code biases (DCBs). In some cases, along with systematic DCB variations, there are seasonal
variations most likely related to variations in the receiver environment (temperature, humidity).
We have developed an algorithm to estimate DCBs from the data of a single GPS/GLONASS
station. The results of the algorithm operation are compared with the CODE DCB data. The
main differences were recorded for GLONASS data.

1. INTRODUCTION

Along with navigation and precise time applications, Global Navigation Satellite Systems (GNSS)
are widely used nowadays to remotely sense the ionosphere in equatorial, mid-latitude, and arctic
regions [1]. Ionospheric TEC can be estimated by using dual-frequency code and phase measure-
ments of pseudo ranges between a satellite and a receiver [3]. While estimating absolute TEC
via using the code and phase measurements simultaneously, a systematic error occurs. This error
depends on both the satellite and the receiver, and the cause is because the processing times for
L1 and L2 signals in radio frequency (RF) paths differ and depend on the signal frequency. Due to
these differential code biases (known as DCBs), TEC, in some cases, can obtain even non-physical
negative values. A 1-ns DCB leads to an ∼ 2.9 TECU error (2.85 TECU for GPS and 2.92 TECU
for GLONASS frequencies). Thus, one should take DCBs into account for precise absolute TEC es-
timations [4]. It is especially important when analyzing long period TEC datasets obtained not only
from GPS/GLONASS data, but also from geostationary SBAS data [5]. Long period TEC datasets
obtained from geostationary SBAS can have a DCB-related systematic variation. This systematic
variation can be mistaken for ionospheric TEC variation. We also note the complexity of estimating
DCB for geostationary SBAS data, because the elevation angle of geostationary satellites varies
slightly, and it is very difficult to distinguish between DCBs and real TEC variations.

2. ESTIMATING DCB DYNAMICS

In this study, we analyze DCB dynamics and TEC estimation errors associated with satellites
and receiver DCBs for 2000–2014 [6]. For such estimates, we used the CODE laboratory data
(ftp://ftp.unibe.ch/aiub/CODE/) based on the measurements at the worldwide IGS network (Inter-
national GNSS Service) (http://igscb.jpl.nasa.gov/) of GPS/GLONASS receiving stations. All the
results of DCB estimations shown below are presented in TEC units (1 TECU = 1016 electrons/m2).

Figure 1 shows an example for the dynamics (variability) of DCB-related errors in TEC estima-
tions for several GLONASS and GPS satellites. The GPS scale was inverted to compare the sys-
tematic variability. This TEC estimation error variability for the GPS satellites (∼ 1 TECU/year)
is three times less than that for the GLONASS satellites (∼ 3 TECU/year). There are also signifi-
cant variations in TEC errors for GLONASS satellites with amplitude up to ∼ 5 TECU compared
to quite small variations for GPS. Such significant differences between the GLONASS and GPS
systems also occur for other satellites.

We also analyzed the DCB variability in the receiver frequency channels for several stations
of the IGS network. Fig. 2 presents the DCB variability for mid-latitude and arctic stations.
Summarizing, the receiver DCBs for the GLONASS frequency range can reach up to ∼ 17.5 ns,
leading to TEC errors up to ∼ 50 TECU. For the GPS frequency range, these value reach ∼ 21 ns
and ∼ 60 TECU, respectively. These results agree with [7] who showed that DCBs may reach 20-ns
for receiver RF paths and 10 ns for satellites RF paths.

Systematic DCB variation, both for GLONASS and GPS frequency channels, is observed to sig-
nificantly change depending on station. For the GLONASS and GPS frequency channels, seasonal
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Figure 1: Dynamics of the DCB-related TEC estimation error for GLONASS (black line, right scale) and
for GPS (gray line, left scale) satellites. (a) GPS PRN 03, GLONASS 04, (b) GPS PRN 06, GLONASS 07,
(c) GPS PRN 24, GLONASS 18.

(a) (b) (c)

Figure 2: Dynamics of the DCB-related TEC estimation error for GLONASS (gray line) and GPS (black line)
receiver frequency channels: (a) IRKJ station (mid-latitude); (b) DUBO (mid-latitude); (c) TIXJ (Arctic
region). Dashed line marks temperature (◦C).

variations in estimated DCB-related TEC errors up to ∼ 20 TECU (∼ 7 nc) for mid-latitude station
IRKJ (see Fig. 2(a)), ∼ 10 TECU (∼ 3 nc) for mid-latitude station DUBO (see Fig. 2(b)) and ∼ 5
TECU (∼ 2 nc) for arctic station TIXJ (see Fig. 2(b)) are observed (see Fig. 2(a)). Such strong vari-
ations may be associated with variations in the receiver environment, especially meteoparameters,
such as temperature and humidity. It is not just the type of receiver hardware problems, because
such variations are observed for the other receivers of the different type. Fig. 2 shows temperature
from the meteorological stations closed to chosen receivers (http://www.ncdc.noaa.gov/cdo-web/).
The temperature seasonal variation maximum corresponds to the DCB seasonal variation minimum
for IRKJ station. On the contrary, the temperature seasonal variation minimum corresponds to
the DCB seasonal variation maximum for DUBO and TIXJ stations. This proves our hypothesis.

3. ALGORITHM FOR ESTIMATING DCBS

To determine the absolute TEC accounting for DCBs from the data of a single GPS/GLONASS
station, we have developed the following algorithm [12]:

1. Calculate the TEC from code Ip and phase Iϕ measurements.
2. Separate data sequences into continuous-time intervals.
3. Detect and eliminate the impact of outliers and signal tracking losses in the TEC data [Blewitt,

1990].

4. Remove the ambiguity of phase measurements: const = 1
N

N∑
i=1

(Ip − Iϕ)i; where N is the

number of measurements at a continuous interval.
5. Estimate DCBs by using a simple model for measurements. The model parameters are de-

termined based on the minimization of the standard deviation between the experimental and
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model data (see below).
6. Correct TEC sequences obtained in item 4 by the DCB value.

We use the following model for TEC measurements:

IM = Si
j

[
IV (φ0, l0, t0) + Gφ∆φi

j + Gq φ

(
∆φi

j

)2 + Gl∆lij + Gq l

(
∆lij

)2 + Gt∆tij

+Gq t

(
∆tij

)2
]

+ IDCB,j ,

where IV is the absolute vertical TEC value; ∆φ is the latitude difference between the ionospheric
point coordinate φ and that of the φ0 station; ∆l is the longitude difference between the ionospheric
point coordinate l and that of the l0 station; ∆t is the difference between the measurement time t and
the time t0, for which the calculation is performed; Gφ = ∂IV /∂φ, Gl = ∂IV /∂l, Gq φ = ∂2IV /∂φ2,
Gq l = ∂2IV /∂l2 are linear and quadratic spatial TEC gradients; Gt = ∂IV /∂t and Gq t = ∂2IV /∂t2

are the first and second time derivatives, respectively. Here, we neglect the mixed spatial and time
derivatives. This assumes that TEC changes more slowly in space during the time interval for
which the calculation is performed, than the vertical TEC value at the same time does.

Sj
i =

[
cos

{
arcsin

(
RE

RE + hmax
sin[α · (90− θj

i )]
)}]−1

is the oblique factor [9], RE is the Earth radius, hmax is the height of the thin spherical layer
(450 km), and a is a coefficient which depends on geographic latitude of station, for mid-latitudes
a = 0.97, for high latitudes a = 0.94, θj

i is satellite elevation angle. We note that there are other
algorithms and models to determine DCBs, for example [9–11].

Figure 3 presents the comparison between the DCB results (a), (d) obtained by the above
algorithm and by the CODE data for all the satellites. The 2012 April 11 data is for the IRKJ
mid-latitude station (φ = 52.2◦N, l = 104.3◦E). Also, we present the results of correcting the initial
oblique TEC for all the satellites accounting for DCBs obtained by the above algorithm (b), (e),
and by the CODE data (c), (f). The thick grey line shows the absolute vertical TEC data obtained

(a) (b) (c)

(d) (e) (f)

Figure 3: (a), (d) DCB results (left column) obtained by the above algorithm and by the CODE data for all
(a) GLONASS and (d) GPS satellites observed at the IRKJ mid-latitude station. (b), (c), (e), (f) Variations
in TEC from all the satellites using the correction based on the described algorithm (middle column) and
on the CODE data (right column). The thick line is the absolute vertical TEC data obtained by the above
algorithm (middle column) and by the CODE data (right column).
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by the above algorithm (middle column) and by the CODE data (right column). These results were
obtained with GPS and GLONASS measurements from the IRKJ station (within the International
GNSS Service). After the CODE DCB correction, there appear unphysical negative TEC values in
the GLONASS data. This indicates the revaluation of the DCB values. The TEC values obtained
by the described above algorithm are more physically plausible.

Figure 4 presents the same data as those in Fig. 3, but for the THU2 arctic station data
(φ = 76.5◦N, l = −70◦W). The initial uncorrected TEC may possess very high and unphysical
values, untypical of high latitudes. It is due to high DCB value. Unphysical small TEC values
appear in the GLONASS data after the CODE DCB correction. This also indicates the CODE
re-estimation of the DCB values.

(a) (b) (c)

(d) (e) (f)

Figure 4: The same as in Fig. 3, but for the THU2 arctic station.

4. CONCLUSION

The obtained data indicate a need to calibrate GLONASS and GPS receivers and satellites while
on-stream. The estimation algorithm is one of many problems. In some cases, one can see that
using the CODE data to correct TEC measurements leads to obtaining TEC erroneous values.
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