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Figure 5. Snapshots through the Linear Plot link, recorded at NYAO on October 4, 2012.
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Figure 6. The download interface sub-page.

contrary, both the Linear Plot and Download Data
areas are available only through the free registration
process. This lets the eSWua administrators evaluate
which kind of data or plots are mainly used by the dif-
ferent users, to provide indications on how to best de-

velop further targeted tools.

An anonymous user can register from the eSWua
home page or from the dedicated page that appears after
clicking either the Linear Plot or the Download Data
links. The applicant has to provide some basic informa-
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System URL Owner Access policy
CHAIN http://chain.physics.unb.ca/chain/ Consortium of Canadian institutions Full access upon registration
L. Istituto Nazionale di Geofisica e Vul- Reancted Anonymovs access Regis-
eSWua WWww.eswua.ingv.it . tration required for full access Free
canologia (INGV) L
full access for scientific purposes
Australian Government — Bureau of
IPS http:/ /www.ips.gov.au/ Meteorology, Radio and Space Weath- Free full access
er Services
http: igal.h k. M h Insti f Technol-
Madrigal ttp / /madrigal.haystack.edu/ assachusetts Institute of Techno Registration required for full access
madrigal/ ogy (MIT — Haystack Observatory)
SWACI http:/ /swaciweb.dlr.de German Aerospace Centre e. V. (DLR) Restricted anonymous access

Table 4. GNSS ionospheric data system identification.
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Table 5. Feature comparison of five of the main GNSS data-management systems.

tion: name, surname, affiliation, country, a valid e-mail
address, and a password. Once these data have been sent
by clicking the 'confirm' button, the user will receive an
e-mail at the address given during the registration
process. This e-mail contains a link that once clicked, will
activate the user account. Users are organized into three
levels that allow access to different areas of the eSWua;
the higher the level, the greater the ability to access the
resources. In more detail, these levels are:

— level 1: the user is an unregistered user and can
only access the Polar Plot area;

—level 2: the user can additionally access the Linear
Plot area;

—level 3: upon an authorization by the eSWua ad-
ministrators, the user can also download data.

Further efforts have been devoted to the develop-

ment of a tool that provides the possibility for a simple
overview of the data availability for each station, both
yearly and monthly. If no data is available in the data-
base, a gray cell will be visualized. The different
amounts of data, as <20%, 20% to 50%, and >50%, will
instead be represented by red, yellow, and green cells,
respectively.

The eSWua has been designed to provide access to
data and also to products, like the above-mentioned
plots and maps, not only for the scintillation indices, but
also for the main output parameters of the receivers and
the TEC-related data. To support the technical solutions
adopted to develop the eSWua, we report here also a
comparative table with the four other main known data-
bases that are devoted to GNSS ionospheric data. The
selected GNSS ionospheric data systems are summa-
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Figure 7. Linear plots (09:00 UT to 15:00 UT) of o, during the April 30, 2011, sun storm, as measured by the NYAO0 (a) and DMC (b) sta-
tions, with the corresponding plots of vI'EC as measured by the NYAO (c) and DMC (d) stations.

rized in Table 4, in terms of the system names, access
URLSs, owners and policies to access the data. Table 5
gives the five different ionospheric GNSS data manage-
ment systems, which are considered and compared
through the selected features listed below:

— Scintillation indices: the presence of scintillation
indices is reported both for amplitude (S,) and phase
(04p), with 'A" and 'P', respectively.

— TEC data: the availability of GNSS TEC data is
reported.

— GNSS parameter data: the availability of other
GNSS parameters, such as carrier-to-noise ratio, lock
times, coordinates of the ionospheric piercing point,
and others.

— GNSSS data plots: the availability of visualization
tools, such as linear plots, maps, and others.

Station: ISACCO nya0 - NyAlesund (78.923° N, 11.925° E)
2011 Apr 30 from 09:00 o 14:50 UT

(a) Threshold values: I1locktime = 240 s; Satellite elevation = 20°

— Data downloading tool: the accessibility to the
data, by downloading them from the site.

— Scintillation raw data: the accessibility to high rate-
sampling data. The sampling rate is indicated where
available.

— Refreshing time data (min): the indication of the
refreshing time, in minutes, between two consecutive
data availability updates for the site.

— Data availability statistics: the indication of the
presence of tools for data availability visualization and
statistics.

— GNSS data geographic coverage: the indication
of the geographic area that is spanned by the GNSS re-
ceiver data included in the site.

— Other Ionospheric data: the indication of the pres-
ence of complementary ionospheric data, such as those

Station: ISACCO dmc0 - Concordia a Dome C (75.1° S, 123.333° E)
2011 Apr 30 from 09:00 o 14:50 UT

Threshold values: 11locktime = 240 s; Satellite elevation = 20° (b]

Figure 8. Polar plots (09:00 UT to 15:00 UT) of o, during the April 30, 2011, sun storm, as measured by the NYAO (a) and DMC (b) stations.
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Figure 9. Maps of the percentage occurrence of phase scintillation index o, above 0.25 radians for the northern (a) and southern (b) hemi-
spheres through the GBSC applied to the 2008 scintillation data. The black curve is the modeled Feldstein oval for IQ = 1.

acquired by ionospheric radars, riometers, and others.

As an outcome of the comparison, the eSWua can
be considered a state-of-the-art system for GNSS ionos-
pheric data.

5. Case studies

In this section, three examples of the application
of the eSWua database are described:

— A recent geomagnetic storm event as simultane-
ously measured by a receiver in the Arctic ISACCO-NYAO)
and the Antarctica (ISACCO-DMCO).

— The climatological representation of scintilla-
tion data at both high latitude hemispheres by means
of the Ground Based Scintillation Climatology (GBSC)
technique.

— The application for the site characterization of
one of the GISTM stations (ISACCO-DMCO).

5.1. Storm event (scintillation and TEC gradients)

A solar wind stream hit the Earth magnetic field
during the early hours of April 30, 2011. The solar wind
speeds exceeded 700 km/s, which sparked a G1-class
(minor) geomagnetic storm. During the day, the Kp
index ranged from 3 to 5 (Kp sum = 31). Between 09:00
UT and 15:00 UT, several events of concurrent scintil-
lation were recorded for both of the hemispheres in the
morning sector. The snapshots in Figure 7 show the lin-
ear plots from the eSWua website for 09:00 UT to 15:00
UT of the o scintillation index during the geomag-
netic storm, as measured by NYAO (a) and DMC (b),
and the corresponding plots of the vIEC, as measured
by the NYAO (c) and DMC (d) stations. The color code
correlates the curves in the plots and the satellite PRNs.
This visualization allows the user to easily cross-corre-
late the TEC gradients and the phase scintillation index
enhancements. Figure 8 shows the polar plots of the

sole o, for the NYAO (a) and DMCO (b) stations, which
corresponds to the same time interval as in Figure 7.
The curves represent the projection of the satellite
passes at the ionospheric piercing point, which is as-
sumed to be at 350 km, while the color code here indi-
cates the level of scintillation, as summarized in Figure
8 itself. Visualization through these polar plots allows
easy identification of the region of the ionosphere in
which the scintillation events occurred.

5.2. Bipolar climatology

The large amount of data stored in the eSWua
and the data download tool facilitate the accessibility
and the interaction of the database with statistical
techniques and tools, which is useful for scientific and
technological purposes. In this section, an example cli-
matological representation is given, making use of the
GBSC technique [Spogli et al. 2009, 2010, Alfonsi et al.
2011]. Figure 9 shows the maps of the percentage oc-
currence of the phase scintillation index o, above 0.25
radians for the northern (a) and southern (b) hemi-
spheres, using the GBSC applied to the 2008 scintilla-
tion data. The position of the Feldstein auroral oval
[Feldstein 1963, Holzworth and Meng 1975] has been
superimposed on the scintillation occurrence maps for
low levels of magnetic activity IQ = 1), as 2008 was a
year of quiet conditions of the near-Earth environ-
ment. Figure 9a was generated by merging the data
from the NYAO, NYA1 and LYBO Arctic stations, while
Figure 9b shows the merged data from the BTNO and
DMCO Antarctic stations. It is beyond the scope of this
study to go into the details of these maps, but they
show how the GBSC technique can identify areas of the
ionosphere in which scintillation is more likely to occur.
In the example, the scintillation occurrence is mainly
enhanced in correspondence with the boundaries of
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Figure 10. Maps of the mean (left) and standard deviation (right) of the carrier-to-noise ratio of the L1 frequency evaluated on the whole

of the 2010 data collection of the DMCO station.
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Figure 11. Maps of the mean (left) and standard deviation (right) of the code carrier standard deviation evaluated on the whole of the 2010

data collection of the DMCO station.

the auroral oval. For a deeper discussion about the
GBSC capabilities and the main results, the reader is re-
ferred to Spogli et al. [2009] and Alfonsi et al. [2011].

5.3. Station characterization

An application of the eSWua database relates to as-
sessment of the receiver site features through the char-
acterization of the GNSS station. The characterization
consists of the analysis of the signal quality over the field
of view spanned by the antenna receiver, through signal-
quality parameters, such as the carrier-to-noise ratio of
both L1 (L1C/N) and L2 (L2C/N), and the standard de-
viation of the code carrier (CCSTDEV). L1C/N indi-
cates the quality of the reception, while CCSTDEYV gives
an indication of the multipath activity on the L1 fre-
quency. This allows the determination of the possible
sources of signal distortions that affect the scintillation
and TEC measurements for each single station included
in the database. As an example, Figure 10 shows the
maps of the mean value (left) and the standard deviation
(right) of the carrier-to-noise ratio of the L1 frequency,

10

evaluated over the whole data from the year 2010 of the
DMCO receiver (Antarctica). These maps are produced
through the GBSC technique [Spogli et al. 2009, Alfonsi
etal. 2011]in the azimuth versus elevation frame. In this
case, both the L1C/N mean and standard deviation
maps show that the signal quality was stable over the
whole of the year. The mean values range from 36 dB
to 56 dB, and reach a peak standard deviation of 2.1 dB
in a few of the bins of the maps. Figure 11 shows the
maps of the mean value (left) and standard deviation
(right) of the code carrier standard deviation, evaluated
from the same dataset as for Figure 10. The bins at the
borders of the maps correspond to measurements car-
ried out at low elevation angles (below ca. 20°), which
are expected to be affected by reflections and multipath,
asindicated by the larger CCSTDEV. Even if it is already
clear from the map of the mean values, the sigma map
shows an increase in the CCSTDEYV standard deviation
in the region (latitude 90° to 120°), which indicates a
greater variability of the CCSTDEV there, a behavior
which will be investigated in the future.
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6. Summary

The INGV and the University of Nottingham
manage a network of GISTM receivers that covers
from low-to-polar latitudes of both hemispheres. In the
framework of the GRAPE SCAR Expert Group, the
eSWua system hosts GNSS data from the two institu-
tions. The eSWua allows this large amount of data to
be organized in a correct database, which can con-
tribute to scientific and technological improvements at
international levels. The eSWua is now a mature sys-
tem that can support the acquisition, elaboration, eval-
uation, archiving, visualization, and downloading of
multi-institute observations of the ionized upper at-
mosphere through GNSS.

In this study, different uses of the eSWua capabili-
ties as a scientific and applicative service are shown,
from the simple visualization of a historical geomag-
netic storm event, to a refined analysis of an entire year
of data that were acquired by five receivers through a
climatological tool, by passing through station site
characterization, as a technological application.

The eSWua philosophy is supported by the aware-
ness that modern geosciences have to rely on struc-
tured digital data that can interact with services and
tools for the scientific and social communities.
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