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Abstract— In the paper we analyze the dynamics of O+/H+ transition height estimated on
the base of Irkutsk ISR date and GPS TEC for different ionosphere conditions and compare these
data with other models developed by using satellites topside sounder data.

1. INTRODUCTION

The topside ionosphere is the ionosphere area which placed above F2 ionization maximum. There
is a significant scientific and practical interest for investigation of the topside ionosphere area both
for practical cosmonautic and radio communication. There are, however, large difficulties of direct
diagnostic of this area by using ground base and satellite instruments. Thus one has not enough
knowledge about topside ionosphere. O+ /H+ transition height (TH) is one of key parameters for
all ionosphere models. TH is height where heavy ions O+ are changed by light ions H+ and He+.
By theoretic predictions TH is 500-2500 km altitude according to geomagnetic latitude, day of year,
time of day and geomagnetic and solar conditions. Therefore determination of real TH value is the
actual problem nowadays and last ten years there are many papers about TH investigation.

The direct satellite measurements is the most accurate measurements of ion composition [5],
but these measurements are restricted by satellites orbits and detail investigation of TH by direct
methods is not possible. There are many techniques of calculating TH from topside sounder data
(ISIS and Alouette program) which obtained for 60th and 80th years. However, there are seri-
ous differences of calculated TH values between different techniques, for example between Webb
method [14] and Marinov method [4].

Another power instruments for sounding topside ionosphere are the incoherent scatter radars
(ISR). Unfortunately the world network of ISR is restricted by about ten radars and not all of them
are able to do measurements at heights above 1000 km. Actually only Arecibo ISR has possibility
to carry out these measurements [2].

In most cases direct TH measurements are impossible on Irkutsk Incoherent Scatter Radar
(IISR). Therefore we developed technique for indirect TH measurements by using IISR data and
Global Positioning System (GPS) total electron content (TEC) data [7,8]. IISR-GPS method is
the name of this technique. We used TEC data from Global Ionospheric Map (GIM). IISR-GPS
method based on the calculating difference between TEC GPS and ionosphere electron content
obtained from Irkutsk ISR data. In addition to TH measurement indirect measurement of the
plasmasphere electron content can be done by IISR-GPS method.

For determination of the topside ion composition we developed the topside ionosphere model.
This model based on the determination of the electron density profile by the modified Chapmen
layer. Using the Chapmen layer for approximation electron density profiles is widely accepted
technique [9]. Our model takes into account that topside ionosphere plasma consist of three kinds
of ions: O+, H+ and He+. Exponential distribution of each ion component is describes by the
scale height. Difference between O+ scale height and H+ scale height is determined by mass-factor
coefficient, which is M = 16 for pure H+ ions and decreases if He+ ions present.

In most cases the He+ concentration is negligible. However, sometimes there are moments when
He+ concentration is rather high, for example, during high solar activity. The maximum of the
He+ concentration is often observed at TH [2, 3]. Thus for considering of He+ concentration in our
model we describe He+ profile by the Gaussian layer which maximum at the TH. Figure 1 presents
ion densities profiles according to our topside ionosphere model.

As additional TEC data we used the data from Center of Determination Orbit in Europe
(CODE). These data are one of the reliable TEC data for today [6]. For verification of repre-
sent ability CODE map data in IISR site we compared them with Irkutsk’s GPS receiver and
found good agreement [15].
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Figure 1: Ion composition profiles according to our  Figure 2: Comparison between TEC from Irkutsk
topside ionosphere model. GPS and CODE.

In this paper we present comparison between TH obtained from IISR-GPS method for Eastern
Siberia region and TH obtained from theoretic empirical ionosphere model and TH direct satellite
measurement.

2. EXPERIMENT

Comparison between CODE TEC and Irkutsk GPS receiver is presented on Figure 2. We can
see that difference does not exceed 3 TECU. Errors 3 TECU corresponds to ~80km errors in TH
calculating by IISR-GPS method. Maximal errors of CODE maps and Irkutsk GPS receiver are
also about 3 TECU.

We calculate TH value by using IISR-GPS method for Eastern Siberia region for years 1998—
2005. This is main part of 23rd solar cycle. Typical values TH for this period are 500-900 km for
night time and 900-1200 km for day time. For verification of our results we compare these values
with values obtained from ionosphere models and data of direct satellite measurements.

Nowadays there are many theoretical and empirical ionosphere models. Empirical models based
on the topside sounder data: Danilov and Yaichnikov model (DY-85), Triscova Truhlik Smilauer
model (TTS-03) [1,12]. Sheffield University Ionosphere Plasmasphere Model (SUPIM), Field Line
Intehemispheric Plasma model [11] (FLIP) and Tashilin model [10] are theoretical models which
take into consideration movement ionosphere plasma along geomagnetic line. It should be noted
that DY-85 and TTS-03 models are included as options into IRI-2012 model.

Values of TH from these models have essential divergences from each other. It is caused by
different nature of models and it is suggested to be determined by influence of solar activity. The
main harmonic of TH dynamics depends on solar radiation flux and duration of day. Seasonal
variations are also governed by these factors. According to TTS-03 model difference between TH
at high solar activity and during low solar activity can be as much as 200%. Therefore during low
solar activity TH from DY-85 and TTS-03 has good agreement but it has bad agreement during
high solar activity. On Figure 3 we present comparison of TH from IISR-GPS method, DY-85 and
TTS-03 models. Top panel shows results for 1-3 October, 2002 and bottom panel shows results for
17-21 September, 2004.

Solar conditions for top panel and bottom panel on Figure 3 are different. For 1-3 October, 2002
index F10.7 is equal to 140, Ap index is equal to 150. For 17-21 September 2004 index F10.7 is
equal to 100, Ap index is equal to 30. We can see from comparison of these data that TH calculated
by IISR-GPS method for this period agrees with TH from DY-85 model. Daytime TH values from
TTS-03 model greatly exceed IISR-GPS method values. Maximum of TH values from IISR-GPS
method is shifted to evening from noon during 1-3 October 2002 (top panel Figure 3) and maximum
is located in night hours (bottom panel Figure 3).

Daytime TH values from FLIP and Tashilin’s models are about 20002500 km. We should note
that comparing to model derived from theoretical estimations the transition heights calculated from
the topside sounder data and data of radio occultation experiment (Formosat-3/COSMIC) always
has lower values [13].

It is obvious that for estimation of actual TH values and for verifying of IISR-GPS method we
need the direct satellite measurements of TH. Unfortunately, due to deficiency of this data only
DMSP and CINDI/C/NOFS data can be used. But these data are fragmentary and verification of
IISR-GPS method by this data is very problematic because orbital characteristics of these missions
provide only morning and evening measurement. Irkutsk ISR can carry out direct measurements
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Figure 3: Comparison of transition height (TH) from IISR-GPS method, TTS-30 model and DY-85 model
for 1-3 October 2002 (top panel) and 17-21 September 2004 (bottom panel).

of ion composition only below 700 km. In quiet solar conditions we can sometimes make direct TH
measurements on IISR. This often can be realized in winter night. However, in many other cases
we can measure the O+ distribution when it does not reach the transition height but decreases
up to 60-70%. In these cases the ion distribution of topside ionosphere below 700km can be used
as additional data for estimation of transition height. Further we will plan to upgrade IISR-GPS
method via coupling of this method with direct measurements of ion composition.

3. CONCLUSION

IISR-GPS method is perspective indirect method for estimate TH when direct measurements TH
are not possible. Calculating of TH in the Eastern Siberia has been carried out for the first time.
The problem of IISR-GPS method accuracy is under discussion.
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