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Abstract

In the absence of operating topside ionospheric sounders, the task of providing measured topside
electron density profiles (EDPs) in real-time is currently residing with the GNSS community
deriving bottomside and topside EDPs from occultation measurements. EDPs measured with the
ground-based global network of ionosondes are usually considered as “ground truth”, and indeed
they routinely measure the EDPs up to the peak of the F2 layer, but they cannot measure the topside
profile. We have developed an extension of the measured bottomside profile to the topside by
modeling the topside EDP as a Chapman function with a continually varying scale height, i.e., the
Vary-Chap profile [Nsumei et al., 2012]. The normalized topside profile, Ne/NmF2, has been
modeled using 80,000 measured 1SIS-2 profiles. We have now started the verification & validation
of these model profiles with profiles derived from GNSS occultation measurements in conjunction
with COSMIC [Anthes et al., 2008] and GIRO Digisondes [Reinisch and Galkin, 2011]. For
integration of the topside profile in the IRI electron density model [Bilitza et al., 2014], the topside
profile model is expressed in terms of coefficients specifying the profile as a function of UT time,
geographic longitude and latitude, and geomagnetic latitude, similar to the Jones-Gallet [1962]
expansions for the foF2 mapping.

Currently the IRI-based Real Time Assimilating Model [Galkin et al., 2012] IRTAM provides real
time specifications up to hmF2. Once validation of the Vary-Chap topside model is completed,
IRTAM will specify the profile from the ground to the plasmasphere.



1. Introduction

Following the discovery of the ionosphere a century ago, scientists have developed remote
sensing techniques to explore its structure [e.g., Evans, 1969; Rishbeth and Williams, 1985;
Reinisch, 1986], and have attempted to develop models that represent the electron density
distribution in the ionosphere. Unlike the bottomside ionosphere which has been well studied and
modeled, topside ionosphere electron density profile measurements and models have remained a
challenge. Empirical modeling of the topside ionosphere relies on the availability of good quality
measured data that represent spatial and temporal variability with sufficient amount of data. The
Alouette and ISIS satellite missions provided large amount of topside sounder data over more
than an entire solar cycle, but large amount of these data were not processed into ionograms and
were not processed into a digital form. An ongoing effort to convert Alouette and ISIS topside
sounder data from the original analog telemetry tapes into digital ionograms is being in progress
and increased amount of data is available now. This restoration project has provided data with a
good coverage of relevant geophysical conditions (e.g., geographic location, diurnal, seasonal
and solar activity).

2. Models and data

2.1. Vary-Chap model

The VaryChap profile used in the current paper to model the topside ionosphere is expressed by
means of a shape function S(h):

h
1 dh

N(h _ 1
s {3 1Y ewl i V=i [ (@
hp
The shape function S(h) can be solved from (1) and expressed as
~ X(1 —InX)
S0 == w7 )
b
with
h. 2 3
X(h) =1+ [Nléh)] dh. )

Equations (2) and (3) show that S(h) is uniquely specified by the measured profile N(h).
Substituting h = hy, in equations (2) and (3) gives S(hm) = 1.



A parameterized representation S*(h) of S(h) that describes the measured S(h) function by
analytical function containing three parameters: o,  and ht has been used in this study to model
the topside ionosphere electron density profiles. Fihure 1 shows an example of using S*(h) to
construct a topside profile from a measured profile. It is simple to analytically integrate1/S*(h) to
efficiently calculate the profile N(h) in (1):
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The parametrized function is governed by the following boundary conditions:
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Figure 1. Vary-Chap construction for a high latitude profile (GLAT = 77°), 22 June 1976. (left) Param-
eterized shape function S;*(h) (solid line) and its component functions S;; and S;, derived by fitting to
S;(h) (dots). (right) Parameterized Vary-Chap profile N;*(h) (solid line) superposed on the measured pro-
file N;(h) (dots).



2.2. Topside Electron Density Profiles Data

The electron density profile data being processed in this study are obtained from NASA’s online
ftp archive at:

ftp://spdf.gsfc.nasa.gov/pub/data/alouette/topside_sounder/crc_ne_profile_ascii/
ftp://spdf.gsfc.nasa.gov/pub/data/isis/topside_sounder/crc_ne_profile_ascii/
ftp://spdf.gsfc.nasa.gov/pub/data/isis/topside_sounder/topist_ne_profile_ascii/

The data contain both manually scaled ISIS-2 ionograms using Jackson’s profile inversion
technique [Jackson, 1969; Jackson et al., 1980] and automatically scaled digitized ionograms
[Huang et al., 2002; Bilitza et al., 2004; Benson, 2010].

For each profile the three parameters a, § and hrwere calculated. The following table illustrates
the data collected from ISIS2 satellite between 1971 and 1983. It contains the data ordered by
month, universal time (12 pins), latitude (46 pins), longitude (47 pins). For each profile the three
parameters are calculated to represent the measured profile.

Table 1: ISIS2 profiles represented by three parameters: o,  and ht

id_auto number_of_observations Year Day Month Day_of Meonth Universal_Time Local _Time Geographic_Lat Geographic_Long Alpha Beta Transition_height

1 1 1975 25 1 25 0 13 0 25 1.1 340 1072
2 1 1975 25 1 25 0 9 1 17 1.1 230 909
3 1 1975 17 1 17 0 9 5 16 1.1 250 942
4 1 1975 7 1 7 0 10 Ei 18 1.1 240 793
5 1 1975 28 1 28 0 8 8 15 11 200 674
6 1 1982 10 1 10 0 18 9 32 31 110 757
7 1 1975 17 1 17 0 9 10 15 1.1 350 1113
8 1 1975 25 1 25 0 8 1 16 25 160 801
] 1 1975 17 1 17 0 9 12 15 21 320 1288
10 1 1975 25 1 25 0 8 13 16 21 170 686
1 2 1975 17 1 17 0 9 14 15 19 240 968
12 2 1975 17 1 17 0 9 14 15 1.1 210 921
13 1 1975 7 1 7 0 9 14 18 23 90 524
14 1 1975 17 1 17 0 9 15 15 1.7 260 987
15 3 1975 17 1 17 0 9 16 16 15 190 870
16 3 1975 17 1 17 0 9 16 16 1.1 220 965
17 3 1975 17 1 17 0 9 16 16 19 120 557
18 2 1975 17 1 17 0 9 17 16 1.1 350 1005
19 2 1975 17 1 17 0 9 17 16 1.1 270 1125

For each geographic location, month and universal time the median values for o,  and ht were
calculated.


ftp://spdf.gsfc.nasa.gov/pub/data/alouette/topside_sounder/crc_ne_profile_ascii/
ftp://spdf.gsfc.nasa.gov/pub/data/isis/topside_sounder/crc_ne_profile_ascii/
ftp://spdf.gsfc.nasa.gov/pub/data/isis/topside_sounder/topist_ne_profile_ascii/

3. First results

We implemented the Vary-Chap function with the parametrized shape function S*(h) using the
median values for a, p and ht calculated for each geographic location, month and universal time
for 1ISIS2 measured data. Figure 2 illustrate the difference between the vary-chap representation
and the IRI model. Both topside profiles use the measured bottomside profile from Millstone Hill
Digisonde station.
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Figure 2. Vary-Chap profile representation for the topside profile (left) compared to Modeled
IRI topside profile (right). The Vary-Chap representation shows significant increase in TEC
comparing to IRl model. Millstone Hill on 10 February 2017.

Figure 3 illustrates ongoing effort to cover the world grid with smoothed representation for the
three parameters a, p and hr that represent the Vary-Chap function with the parametrized shape
function S*(h). The figure illustrate the median values for ht for January at 2:00UT using the
median values obtained from ISIS2 measurements.
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Figure 3: ongoing effort to fill the worldwide grid with smoothed median values for the Vary-
Chap function Transition Height parameter. The map shows little coverage since the work of
retrieving the profiles from ISIS2 repositories is currently in progress.

4. Conclusions

A Vary-Chap function representing the electron density profile for the topside ionosphere
using a parametrized shape function S*(h) is implemented in this study. A global coverage for
median values for three parameters a, 3 and ht that describe the shape function S*(h) and
topside profile N*(h) is being obtained for each geographic location, month and universal
time based on Alouette and ISIS measured data. The Vary-Chap representation with the
parameterized shape function S*(h) resulted in significant increase in the Total Electron
Content (TEC) for the topside ionosphere compared to IRI model.
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