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1

Introduction

This report provides the SPDO Chief Site Engineer’s report on the activities and results concerning
the investigations of the ionosphere above the two candidate sites for the SKA: Western Australia
and the Karoo in South Africa.

2

Scope

The work was driven by PrepSKA Work Package 3.3, which states:
Carry out detailed studies of ionospheric fluctuations pertaining to the two sites.
Obtain models of the scintillation index, S4, as a function of elevation, azimuth, time of day,
and solar cycle at the central and selected remote sites to better characterise the
ionosphere. Acquire detailed statistics on the size, velocity and occurrence of Travelling
Ionospheric Disturbances (TIDs) for solar maximum and minimum.
Participants: The SPDO will lead this task and contract external consultants to provide the
primary information.
The studies have concentrated on ionospheric scintillation, because no significant and meaningful
information can be expected from ionospheric perturbations such as TIDs due to the dearth of
measurements in the locations concerned, see section 6.1.2.

2011-03-23
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3

Site Information

Maps of the areas that include the site-specific configurations are shown to indicate the location of
the central region and the 25 remote stations to allow assessing their
their location relative to ionospheric
phenomena. The SPDOs Configuration Task Force (CTF), in close cooperation with the specific site
proponent, designed these locations.
locations

3.1 South Africa

Figure 1: The African configuration

The African
can core coordinates are: 30.7°S, 21.4°E.
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3.2 Australia

Figure 2: The Australian configuration

The Australian core coordinates are: 26.7°S, 116.6°E.

4

Overview of ionospheric
onospheric phenomena and parameters

The following paragraphs serve to introduce several ionospheric phenomena and parameters that
are used in this report and the referenced documents.

4.1 Electron counts and density
TEC: total electron content along line of sight or vertical (VTEC).
ROTI: Rate Of change of TEC Index, defined as the standard deviation of the rate of change of TEC
and is roughly proportional to the Scintillation Index, S4 (see section 4.2).
NmF2: Maximum electron density in F2 layer; can reliably be derived from ionosonde critical
frequency data (f0F2). TEC relates directly to NmF2.
hmF2: Maximum height of F2 layer.
f0F2: Critical frequency F2 layer.

4.2 Scintillation
S4: the scintillation index,, defined as the standard deviation of signal intensity normalized by the
average intensity.
SI: scintillation intensity, defined from power ratios that can be easily derived from, for example,
paper chart recordings. S4 and SI have a simple relationship.

2011-03-23
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σθ: phase scintillation index, standard deviation of phase fluctuations of a coherent frequency
source.
CkL: measure of the height-integrated electron density irregularity strength along a vertical path
through entire ionosphere.

4.3 Perturbations
TID: ionospheric response to an atmospheric Acoustic-Gravity Wave (AGW), causing changes in TEC
and densities. Large, medium and small scale TIDs are identified, each with differing causes and
speeds. Parameter is percentage in occurrence.
Spread F: has been associated with scintillation effects, esp. the ‘frequency spread’ as opposed to
‘range spread’. Parameter is percentage in occurrence.

4.4 Anomalies
EA: Equatorial Anomaly (Southern and Northern, SEA, NEA)
SAA: South Atlantic Anomaly (SAMA= South Atlantic Magnetic Anomaly)
EEJ: Equatorial Electrojet

4.5 Geomagnetic activity
Kp index: A nonlinear parameter that quantifies geomagnetic disturbances in the horizontal
component of earth's magnetic field, in the range 0-9 with 1 being calm and 5 or more indicating a
geomagnetic storm. The Kp index provides a measure of the general level of geomagnetic activity
and is used as an indicator of electrodynamics in the post-sunset equatorial ionosphere.
The Disturbance Storm Time index (Dst): Dst is a measure used in the context of space weather and
gives information about the strength of the ring current around the Earth caused by solar protons
and electrons. The ring current around the Earth produces a magnetic field that is directly opposite
the Earth's magnetic field, i.e. if the difference in flux between solar electrons and protons gets
higher thereby creating a larger field, the Earth's magnetic field becomes weaker. A negative Dst
value means that the Earth's magnetic field is weakened. This is particularly the case during solar
storms.

4.6 Models and data sources
models
NeQuick

TEC

IRI

NmF2 / f0F2
Scintillation

LAM
WBMOD [11]
SCINTMOD

Madrigal

GISM

data sources
GPS measurements
ionosonde
GPS measurements

Table 1: Ionospheric Models and Data Sources of interest
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5

Prior work

For the SKA site short-listing process in 2005/6, four separate documents were produced:
1.
“A report on the behaviour of Total Electron Content over candidate sites for SKA location”,
by Datta and Ananthakrishnan, 22 June 2006, [1]. It has a second part entitled “A report on
other ionospheric parameters for the candidate sites for the SKA location and an overall
summary”, by Ananthakrishnan, [2].
Part 1 of the report deals with the TEC variation data for the four candidate sites at the time,
as based on the Haystack Madrigal database of GPS data and on model IRI (International
Reference Ionosphere, which is based on all available data sources) data. Plots for the daily
variations were presented for a number of solar minimum and maximum months. The
authors concluded that the IAI model results often deviated significantly from the GPS data
in the Madrigal database. They also made the observation that even though the absolute
magnitude of TEC for a given site is not important compared to the change over time, it is
likely that, for a high nominal TEC, the variation will be higher than for low TEC sites. The
report stated that same season’s data for all four sites revealed that Argentina and China
have significant higher values of TEC as compared to the other sites, particularly during solar
maximum years. Australia and South Africa were better, with TEC values that are not
significantly different. It was noted that of the two, South Africa appeared to have a
marginally lower TEC than Australia, so that it could be expected to have slightly lower
amplitude variations.
Part 2 summarizes other ionospheric parameters for the sites:
•
scintillation index S4 as based on the WBMOD model from NorthWest Research
Associates (see document 2 below). It is not made clear by whom and how these
data were obtained;
•
Spread F and TIDs;
•
location w.r.t. the Equatorial Anomaly (EA) and the South Atlantic Anomaly (SAA).
The report provides very little background and the conclusions indicate a preference for the
Australian and South African sites.
2.
“Ionospheric Scintillation Impact Report”, by James Secan of NorthWest Research
Associates, Inc. in Tucson, 14 July 2006, [3]. This report was prepared for the Instituto
Argentino de Radioastronomia. It presents the analysis results of the estimates of the
expected S4 scintillation distribution for four frequencies, nine viewing geometries
(elevation and azimuth) and for solar minimum and maximum, resulting in 72 contour plots
of 95 percentile S4 during one year vs. time of day. The analysis is based on WBMOD (wide
band model), into which an ionosphere model (electron density irregularities, EDIM) and a
propagation model (SCNPROP) have been integrated.
3 and 4.
The site proposals submitted by the two candidate sites now in question covered the
following ionospheric parameters:
AUS, report by IPS Radio and Space Services, ref. [5]:
•
Vertical TEC, based on IRI and NeQuick models, maps, max and min solar cycle
•
Slant TEC, based on the IRI model, polar graphs, max and min solar cycle
•
Diurnal VTEC, based on IRI and NeQuick models, graphs, max and min solar cycle
2011-03-23
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S4, based on WBMOD at 100 MHz, maps, 90 percentile level presented, min to max solar
cycle
S4, based on WBMOD, graphs, at 100, 200, 500 and 1000 MHz, at 50, 90 and 99 percentile
(for maximum scintillation conditions)
Spread F, percentage of occurrence, month vs. time of day graphs
TIDs, no quantitative assessment other than stating that the effects will be the same for all
mid latitude sites; TID activity is daytime phenomenon, concentrated near winter noon.

SA, report by Hermanus Magnetic Observatory, ref. [6]:
•
TEC, based on GPS measurements, seasonal graphs, max and min solar cycle
•
TEC, diurnal graphs, max and min solar cycle
•
f0F2 variations, based on ionosonde data, seasonal maps, max and min solar cycle
•
S4, based on WBMOD, graphs, max and min solar cycle
•
ROTI, based on GPS data at times corresponding to Spread F.
•
Spread F, percentage of occurrence, month vs. time of day graphs
•
TIDs, percentage of occurrence
•
Energetic particle precipitation assessment
•
South Atlantic Anomaly influence assessment

6

Recent investigations

Studies that were carried out after short-listing the Australian and South African sites are
summarised here.

6.1 Initial comments
The specifications for PrepSKA WP3.3 concentrate on comparing S4 scintillation index data and the
properties of TIDs for the two Candidate Sites. Introductory remarks follow for both these aspects.
6.1.1 Scintillation
The studies done for the short-listing process on the scintillation index S4 were based on the
WBMOD data. From these it was apparent that the two shortlisted sites are by far the best of the
sites originally considered. At the same time it was noted that the differences in ionospheric effects
between these two candidate sites are very small. The SA site operates almost entirely within the
benign mid-latitude ionosphere, but with a ‘small to negligible’ effect of the South Atlantic Anomaly
which comes close to the SA site (ref. HMO report for SA, ref. [6] and see section 6.2.2). The AUS site
also is mostly mid-latitude, but there may be ‘potential scintillation impacts along northern and
southern azimuths during solar maximum conditions (northern azimuth), and strong geomagnetic
disturbances (southern azimuth)’, ref. J. Secan of NWRA. Secan did not recommend further S4
studies based on WBMOD because:
a) mid-latitude WBMOD data is less reliable; and
b) data for the African sector for building WBMOD climatology is somewhat incomplete and
only little better for Australia.
A better approach for S4 studies would be to use:
1. new GPS data from a dedicated campaign at the two sites; and/or
2. existing data from GPS stations at or around the two sites,
With a dedicated GPS campaign, TEC and scintillation data would be obtained, but with the use of
existing GPS data, scintillation data only would be derived and only if the data rate is high enough.
However, the timescales required for the dedicated campaign precluded this option, and it also
became clear that insufficient GPS data of comparable quality and degree of completeness was
2011-03-23
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available to allow credible differentiation between the two sites. Thus, despite the remarks about
WBMOD studies made above, a study was initiated to allow comparison of Australia and South
Africa to the Ionospheric Scintillation Impact Report (ISIR) for Argentina [3]. The results are
summarised in 6.2.1.
6.1.2 TIDs
The further study of the occurrence statistics of TIDs, and especially of differences between the two
sites (both being mid-latitude sites), has many uncertainties.
Three distinct categories of TIDs (ref. P.F.J. van Velthoven, 1990, [4]):
•
LSTID: large scale TIDs have a horizontal phase velocity substantially larger than the MSTIDs
and SSTIDs (Medium and Small scale TIDs), namely 300-1000 m/s. Periods range from 30 min
to 3 hours and wavelength exceeds 1000 km. Propagation is equator-ward from polar
regions, where they are supposed to be generated in the auroral zones. The mechanisms
that generate LSTIDs is a topic of ongoing scientific research.
•
MSTID: horizontal phase speeds of 100-300 m/s, period from ~12 min to ~1 hour,
wavelength of several hundreds of km. Occur much more frequently than LSTIDs. Origin is
unknown but several candidates are proposed (orographic effects (mountains, etc), wind
shears, the terminator, tropospheric effects, atmospheric tides, etc.).
•
SSTID: periods of several minutes and wavelengths of tens of km. Associated with acoustic
branch of the AGW (Acoustic-Gravity Wave) spectrum. Origin is unknown.
With the uncertainties that are listed above in mind, it follows that modelling is not a feasible
option. Measurements are needed to characterise the TIDs in the two countries concerned and since
no comparable long-term data is available, no reliable statements on the occurrence of TIDs for the
two candidate sites can be made. For this reason, no new initiatives to collect TID information were
taken in the current site characterisation period.

6.2 New studies
6.2.1 ISIRs: Ionospheric Scintillation Impact Reports
Despite the concerns about studies on ionospheric scintillation based on the WBMOD mentioned in
6.1.1, two Ionospheric Scintillation Impact Reports (ISIR) were commissioned from NWRA. The
outcomes of these studies are summarised here.
The expected scintillation index S4 was investigated through WBMOD modelling [11] for a range of
parameters:
Frequencies:
100, 250, 600 and 1000 MHz
Viewing geometries: elevation 30°, 60°, 90°
azimuth 0°, 90°, 180°, 270° (a total of 9 directions)
Solar cycle:
minimum (SSN=10), maximum (SSN=150)
For all 72 combinations, day-of-year versus time contour plots were generated of the expected
worst case S4 intensity scintillation index.
The reports for South Africa [7] and Western Australia [8] note that the locations of the array centres
are in ionospheric mid-latitudes, roughly halfway between two regions of potentially severe
ionospheric scintillation: the Southern Equatorial Anomaly (SEA) to the North and the high-latitude
Southern Auroral Zone (SAZ). The reports explain that, in general, scintillation levels in this region
show a diurnal variation and increase with solar activity following levels of extreme UV radiation. If
the viewing geometry is such that the signal passes through the SEA or the SAZ there will also be
2011-03-23
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complex seasonal, temporal and geomagnetic-activity variations that will be different for the two
regions.
The following two sections (6.2.1.1 and 6.2.1.2) duplicate three figures per candidate host from the
reference ISIRs, which display the scintillation environments and the coverage of the viewing
geometries from the core locations. The colour contours show the percent of time the S4 intensity
scintillation index is expected to exceed 0.5 at a frequency of 100 MHz, which indicates a moderate
scintillation level. The dotted lines indicate geomagnetic latitude in 10° intervals, with -40° just
passing south of the core in both cases. Note that these calculations are for vertical paths through
the ionosphere from the various points on the globe, not for the line-of-sight from the core
locations. The plots in Figure 3 and Figure 5 therefore only show the scintillation environment.
The plots further show visibility lines of 5° elevation from the core to a height of 300 km (dark blue)
and 600 km (light blue), plus a line for 30° elevation to 350 km height (red).
The primary differences between the three panels in Figure 3 and Figure 5 are the levels of
geomagnetic activity for which they were run, driven by a selection of SSN (Sun Spot Number), local
time (position of the sun), resulting in different levels of the planetary index of geomagnetic activity
Kp, see the text in the figures and captions.
The figures give a first order indication that both sites will be relatively free from significant
scintillation. However, at the geographic longitude of the Australian site the SEA extends to higher
southern latitudes and the AZ comes further north. Both circumstances may cause a narrowing of
the band of minimum scintillation, especially at low elevations, to the north and south. This is in line
with the earlier statement in section 6.1.1. The ISIRs conclude in both cases that there will be little
scintillation experienced from the very strong scintillation that is observed in the SAE, except for low
frequencies and very low elevation angles. The most likely incursion of scintillation-causing
irregularities is likely to be on the southern horizon when irregularities generated during strong
geomagnetic activity are moved into the viewing area as the auroral region expands equator-ward
with increasing activity levels. In these circumstances the Australian core site may be affected more
than the South African core site. However, it should be pointed out that the low and mid-frequency
aperture arrays will have relatively low gain at low elevation angles, while the dishes will not observe
at low frequencies (minimum frequency 300 MHz), so the differences between the sites are unlikely
to be significant.
The 72 plots in the ISIRs provide a detailed analysis of 9 viewing geometries, 4 frequencies and two
levels of solar activity, and for both candidate sites are all ‘uniformly unexciting from a scintillation
perspective’. All the plots were generated for propagation paths that are well within the midlatitude ionosphere. They are not reproduced in this overview report; the reader is referred to
references [7] and [8]. Summary plots are presented here per site in which a sky view is given (in
azimuth and elevation) for the probability of S4 exceeding 0.5 as seen from the core sites, for
relatively extreme geophysical conditions (see the figure captions), and for four frequencies.
Sections 6.2.1.1 and 6.2.1.2 contain the respective plots in Figure 4 and Figure 6. An interesting
phenomenon is seen in the plots for 100 and 250 MHz. The enhancement seen to the north of
overhead is due to a geometrical enhancement of scintillation, which occurs when the propagation
path is very nearly parallel to the local geomagnetic field direction within the irregularity layer. There
is no increase in the strength of the irregularities in this particular part of the sky; it is purely due to
propagation effects. The calculations were run for solar maximum (SSN=150), high geomagnetic
activity (Kp=8o), 21 March at local midnight.
There are a number of caveats to be taken into account in the ISIRs:
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All products based on SCINTMOD or WBMOD are climatological models designed to provide
estimates of the expected levels of ionospheric scintillation for given geophysical conditions.
Therefore the plots should not be seen as snapshots of the spatial distribution of scintillation
on a given moment, but rather as contours of the expected levels of scintillation, should it
occur.
The models are based on a small number of stations, with barely adequate coverage of the
latitude and longitude variations known to exist in ionospheric scintillation morphology. A
major source of uncertainty for the location of interest is the lack of data from mid-latitude
stations that was used in generating the WBMOD climatology.
Further uncertainties, but only at low elevations, are 1) the location of the SEA and its
transition into the mid-latitude ionosphere, and 2) the location of the high-latitude
scintillation boundary at high levels of geomagnetic activity. These, however, should not
affect the results at more practical elevations, as already suggested in Figure 3 and Figure 5.
The results at the lowest frequency, 100MHz, are for a frequency range not sampled by any
of the data sets used in producing the model. The bulk of the data used in generating the
climatology in the equatorial region was from GPS signals at frequencies of 1227.6 and
1575.42 MHz. The propagation model does explicitly scale with frequency, but care should
be taken in interpreting the results at the lower frequencies.

2011-03-23
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6.2.1.1

South African scintillation environment

Figure 3: Scintillation coverage map for highest level of scintillation in the equatorial region (left), high
latitude region (mid), and most likely level in the high latitude region (right). The star indicates the core of
the African configuration.

Figure 4: Sky maps for probability of S4 exceeding 0.5 at the South African core location, for 100 MHz (upper
left), 250MHz (upper right), 600MHz (lower left), and 1000MHz (lower right).
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6.2.1.2

West Australian scintillation environment

Figure 5: Scintillation coverage map for highest level of scintillation in the equatorial region (left), high
latitude region (mid), and most likely level in the high latitude region (right). The star indicates the core of
the Australian configuration.

Figure 6: Sky maps for probability of S4 exceeding 0.5 at the Australian core location, for 100 MHz (upper
left), 250MHz (upper right), 600MHz (lower left), and 1000MHz (lower right).
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6.2.2 The South Atlantic Anomaly
In the South African site-bid documentation of 2005 only brief mention was made of the South
Atlantic Anomaly (SAA) and its possible influence on ionospheric scintillation over the proposed SKA
site, ref. [6], Annexure E. It was noted that the higher concentration of particle precipitation caused
by the ‘dip’ in the geomagnetic field generating the anomaly is likely to have a small or negligible
effect on the scintillation properties over the core area. It was also noted that the final answer on
this aspect would be made available at a later stage.
The SPDO requested SKA South Africa to initiate further study on this topic and submit a report. The
study was subsequently commissioned from the Hermanus Magnetic Observatory by SKA South
Africa, and the SPDO received the report [9] at the end of 2010.
The following sections discuss the findings in the submitted report and the subsequent review of
that report by NorthWest Research Associates.
6.2.2.1

HMO study of SAA influence

The report aims to find a correlation between Energetic Particle Precipitation (EPP) over the SAA and
ionospheric scintillation over South Africa.

Figure 7: Geomagnetic field strengths indicating the weak magnetic field over the southern Atlantic region:
this is the South Atlantic Magnetic Anomaly.

The anomaly is apparent from the contours of geomagnetic field strength shown in Figure 7, which is
duplicated from [9]. The low levels of geomagnetic field strength cause a larger influx of energetic
particles – a higher level of EPP – over that region. The question under investigation is whether this
results in a contribution to ionospheric scintillation.
The HMO study used data on energetic electron and proton fluxes as well as particle energy
measurements and ionospheric scintillation indices calculated from GPS measurements taken at
Gough Island (indicated in Figure 7 and Figure 8) in the South Atlantic, Cape Town and Perth. EPPscintillation correlation statistics were subsequently derived. The study includes quiet and disturbed
geomagnetic conditions over an almost complete solar cycle.
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In the report [9], a general description of the TEC measure in the ionosphere is given, as well as an
overview of scintillation processes. At the root of the phenomenon is a rapid fluctuation of electron
density, which gives rise to fluctuations in the amplitude, phase and polarisation of signals from
cosmic sources. The index S4 gives a value for the amplitude scintillation (the normalised standard
deviation of signal amplitude). This general description in [9] makes the case for using a proxy for the
S4 index since directly measured indices are unavailable for the GPS stations used in this study. The
proxy used is based on ROTI (Rate Of change of TEC Index), corrected with an elevation dependent
weighting factor. This factor attempts to correct for variations in ionospheric projection by satellite
velocity and ionospheric irregularity drift. The correction has the effect of suppressing the low
elevation ROTI. The document presents a description of the weighting factor and a reference to a
publication of that original approach.
The HMO report presents a discussion on the validation of the calculated S4-proxy in comparison to
measured S4 data. This was evidently done to convince the authors of the validity of using the proxy
where direct measurements are not available. This is important as the rest of the correlation analysis
is based on the use of the proxy. The recordings of TEC, ROTI, S4 and S4-proxy that are included in
the document do show a fair degree of agreement between S4 and its proxy, even though differing
averaging times for the two make comparison somewhat difficult.
The report goes on to note that ionospheric disturbances that influence EPP on a global scale should
be separated from any effects that the SAMA might cause. Such global effects can be caused by
extreme conditions during solar (X-ray) flares or coronal mass ejections (CME). Events like these can
have an effect on the geomagnetic field as a whole. The method used in the analysis is to indicate
these events on the basis of the Disturbance Storm Time index (Dst), which is derived from a
network of near-equatorial observatories, see also section 4.5. The report presents illustrations of
increased EPP during times of low Dst indices indicating a weak geomagnetic field.
The availability of GPS data from stations at the three locations (Gough Island, Cape Town and Perth)
has not been uniformly at a high level for all the years that the study has set out to process. The
report notes the availability actually achieved. The report also describes how false-positive
scintillation events are dealt with. These are associated with cycle-slips observed in the GPS L1-L2
phase data, and are caused by temporary loss-of-lock in the GPS receivers. This causes the insertion
of an unknown number of integer cycles into the phase of the L1 and L2 carriers, affecting the ROTI
values at these events. The report notes that cycle slips/phase jumps are often associated with
disturbed ionospheric conditions and are indications of a scintillation event. However, it was found
that the majority cycle slips occurred randomly during non-disturbed conditions. The report briefly
describes the methodology involved. The risk of removing true scintillation events is acknowledged,
but no data on the percentage of incorrectly removed events is given.
The EPP data is sourced from the SSJ/4 sensor flying on board the DMSP satellites that monitor flux
of charged particles as they enter the Earth’s upper atmosphere. The sensor is a precipitating
electron and ion spectrometer, [12]. Information on this satellite system is also included in the
report, as well as a description of the processing of the satellite data.
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Figure 8: Windows for DMSP EPP data

The relevant EPP data were obtained from a DMSP satellite by selecting data from overpasses within
a geographic window of 10°x10° centred on each of the three GPS station locations, see Figure 8.
For the GPS dual frequency data,
data Receiver Independent Exchange (RINEX) information was used. The
process of preparing this information for the purpose of comparing them with the EPP information is
described in the report. The RINEX data and orbital information (via ‘sp3’) were used to calculate
ca
ROTI values and these were corrected to yield S4-proxy information.
Three approaches to integrating and correlating the input data sets, EPP and Dst versus S4-proxy,
were used, in order to deal with the sparseness of DMSP data due to the relatively
relative high satellite
velocity and hence brief time spent in the geographic window:
window
1) visual comparison which was used to spot possible correlations,
correlations identifying spurious outliers and
interesting events and for investigating and remedying suspicious S4-proxy
S4
values;
2) statistical correlation of median values;
3) statistical correlation of integrated values.
Examples are provided of all three methods.
The report presents all results in graphs in an appendix and a summary table (Table 4) of correlation
coefficients between EPP and S4-proxy
S4
and integrated S4-proxy.
proxy. This is a matrix of coefficients for
the years 2000, 2001, 2003, 2004 and 2008 and for the three geographical locations (Gough Island,
Cape Town and Perth) and separately for electron and ion flux and energy.
The document notes that the matrix shows that the correlation coefficients between the observed
EPP flux and energy and scintillation are very low,
low in general.. This is the case for most combinations
of year, location and particle.
rticle. The largest correlation coefficients were observed close to solar
maximum for all three locations.
locations. The largest coefficient was seen for Perth, in 2003,
2003 for ion flux. The
document lists a number of individual scintillation and precipitation events identified
identified in the visual
comparisons, and reports that in these cases no direct correlation could be seen. The report does
not explicitly state whether positive correlations for other cases were identified.
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From these results the report concludes that during the period that was investigated several events
of increased EPP and L-band scintillation were identified, but that these events were not in general
correlated. The low correlation coefficients found in scatter plots and the lack of synchronicity in
time series is taken to indicate very little or no correlation between EPP over the SAMA and
ionospheric scintillation.
6.2.2.2

NWRA review of HMO SAMA report

The SPDO engaged an independent consultant to review the HMO document [9], in order to judge
the soundness of the investigation and the conclusions drawn. NorthWest Research Associates in the
US was selected to perform the review, and the report submitted [10] is summarised in this section.
The NWRA review starts by stating that the primary conclusion of the HMO report, that there is no
evidence of increased scintillation at L-band in the general vicinity of the proposed South African SKA
core site caused by EPP in the SAMA, is correct based on the evidence provided and on the
reviewer’s expectations. The reviewer expects that there are no processes at work in the SAMA that
would cause ionospheric density irregularities. Particle precipitation does not cause scintillation per
se, but processes that generate strong irregularities on plasma-density gradients are the most likely
cause of scintillations.
The NWRA review notes reservations concerning the HMO report in three general areas:
1) Data processing
No explanation of why a proxy for S4 is used instead of rapid changes in TEC data directly. The
reviewer suspects that such TEC data were not available, or the TEC data that was available had
limited sampling rates. It is also noted that artefacts in the data still may pollute some results. In
addition some possible inconsistencies in plotted parameters are flagged, and some flaws in
descriptions of phenomena are indicated. These do not change the validity of the conclusions
however.
2) Correlation analysis
The reviewer has some reservations about the applicability of Gaussian statistics on evidently nonGaussian distributed data. He also notes that no indication is given of the noise level in the
correlated data products.
3) Application to the SKA at low frequencies
The HMO report scales L-band GPS data to the lowest frequency ranges of the SKA around 100 MHz.
The reviewer points out that since there is no specification of the noise floor in the measured data, it
is therefore difficult to assess how far down in frequency it is legitimate to extrapolate the results.
The reviewer comments that he would not consider extrapolating much below 800 MHz. He notes
that there are no long-term scintillation observation datasets in South Africa and Australia, so it
cannot be excluded that scintillation effects may show up in SKA observations at the lower end of
the frequency range.
The review concludes that, while there are some flaws in the HMO study, the data presented
support the report’s conclusion that there appears to be no compelling relationship between EPP
within the SAMA and L-band scintillation at the South African site, or the Western Australia site.
Finally the reviewer repeats the general statement (not in conjunction to the SAMA per se) that
ionospheric scintillation may impact both sites during certain geophysical conditions (night during
large magnetic storms) with certain operating modes (low frequencies, viewing south at low
elevation angles).
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Summary and conclusion

This report by the SPDO provides an overview of aspects of the ionosphere that have been
investigated for the Candidate Sites for the SKA and that potentially might be a differentiating factor
in site selection.
Specifically, the investigations have concentrated on:
1. Previous work done in this area for the 2006 site short -listing process. Investigations at that time
concluded that, on the basis of absolute TEC levels, South Africa might be marginally less affected by
rapid variations in TEC than Australia (see section 5, item 1 in this report).
2. Additional studies in the context of PrepSKA WP3.3
2a. Ionospheric Scintillation Impact Reports
The reports show that modelling of ionospheric scintillation indicates that both sites are located at
latitudes in the ideal geomagnetic bands, away from the auroral and geomagnetic equatorial
regions. The models indicate that during strong geomagnetic activity the undisturbed band over
Australia is somewhat narrower than over South Africa, see section 6.2.1.
2b. South Atlantic Magnetic Anomaly impact on scintillation
The HMO report and its review conclude that there is no basis for expecting a correlation of EPP due
to the anomaly and ionospheric scintillation over the South African site, or over Australia, see
section 6.2.2.
It is evident that the information available does not facilitate a clear-cut conclusion. Ionospheric
models for the regions are incomplete and not sufficiently reliable at levels that would clearly
discriminate between the two candidate sites. There is a paucity of direct measured data over a
sufficient number of years to justify firm conclusions about solar-cycle related effects, and the data
that does exist has insufficient accuracy in terms of signal-to-noise and time resolution to warrant a
definite statement on preference for one site over the other. Taking the data at face value, there be
a slight preference for the South African site when observing at very low elevations to the south at
low frequencies under extreme conditions. These conditions are night-time, during strong magnetic
storms giving rise to a severely distorted geomagnetic field. However, the uncertainty in modelling
and scalability of measured GPS data to low frequencies means that ionospheric scintillation may be
observed under these conditions at either site, and more so for the stations at the highest
geographical latitudes. In addition it can be noted that observing at these low frequencies at very
low elevations will not be part of the standard modes of operation with the aperture arrays that
would cover this frequency range.
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