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INTRODUCTION

lonospheric perturbations -> major issue in GNSS

GNSS signals provide valuable information about
ionospheric variability and SW phenomena




MOTIVATION

Investigation of an indicator of ionospheric temporal fluctuations
to characterize and monitoring a region

Use of data derived from GNSS stations

Use of a sampling technique




APPLIED TECHNIQUES

ROTI maps, Kriging and Stratification
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lonosphere Irreqularities during Disturbed Condition of October 274, 2013
in West African stations: (left) futy; (right) nklg.




Spatial Interpolation: ROTI Maps

Grid ROTI Map at 0.5 degree for doy 275 2013 UTC 19.00 ROTI (TECufmin) Grid ROTI Variances at 0.5 degree for doy 275 2013 UTC 19.00 ROTI Variance (TECu/min) 2
: 5

Regional ROTI maps and variance maps after Ordinary Kriging during a geomagnetic disturbed day
DOY 275 with presence of irregularities

Blanch, 2002




Spatial Sampling: Clustering .

So far most of the indices and spatial means of
TEC and ROTI maps have been done through
regular grids

However, an irreqular pattern is expected to lead to
a more precise spatial mean (Cochran, 1977).

Clustering is the task of grouping a set of
objects in such a way that objects in the same
group (cluster) are more similar (in some
sense) to each other than to those in other
groups

k-means

1 .
MSSD = NE min; (Dizj

Walvoort et al, 2009

Examples of spatial coverage samples to estimate spatial means
of circular shaped region




Spatial Sampling: Clustering .

Walvoort et al, 2009
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Spatial infill sample of new climate stations. Existing climate stations (94)
are part of the Australian Reference Climate Station (RCS) network.
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STUDY REGION

© STUDY REGION

GNSS stations used in the
study were located in the
Western Sub Saharan
African region.




Case Studies

After an analysis of available data and geomagnetic events, disturbed days
2ndand 14thOct 2013 (days 275 and 287) have been selected.
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CME impacting the Earth in the early morning on October 2nd at 01.55UT. CME and HSSW arrival associated to a coronal hole on 14 Oct 2013.




Test Cases: ROTI

ROTI values at the available GNSS stations pierce points
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Test Cases: ROTI maps

After applying an Ordinary Kriging interpolation technique, a series of regional grid maps with
spacing 0.5 x 0.5 degrees in latitude and longitude have been generated during the hours after
the PRE, that is after 18 UT every 5 minutes.
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ROTI interpolated Maps for Day 275




Test Cases: ROTI maps

After applying an Ordinary Kriging interpolation technique, a series of regional grid maps with
spacing 0.5 x 0.5 degrees in latitude and longitude have been generated during the hours after
the PRE, that is after 18 UT every 5 minutes.

ROTI interpolated Maps for Day 287




Test Cases: ROTI maps

Day 301 — Quiet Day
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Test Cases: Clustering

Stratification applied to Test cases
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Test Cases: Clustering
Stratification applied to Test cases Optimization Sample of the Region
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SUMMARY




SUMMARY

It is proposed to have a spatial mean based on ROTI, as a
regional indicator of the presence of irregularities through a
sampling process.

A series of locations and ROTI values of clusters in the mapped
area can be reported.

Regarding the spatial mean, which is based on the average of
the values of the centroids, a sufficient number of cases should
be computedin order to determine the relevant clusters
numbers and thresholds.

The indicator could be generated in near-real time every 15-20
minutes, taking into account stations availability, time to
compute ROTI (every 5 minutes) and computational processing
of the clustering.




PROSPECTS

e Use of k-medoidsinstead of k-means and ‘scientific’ determination of k.
e Use of different clustering techniques (OPTICS)

e Try to avoid spatial interpolation for operational use.
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