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Recalling the dispersive nature of the ionosphere to the VHF radio signals, Global Navigation Satellite System (GNSS) can be advantageous to investigate Traveling lonospheric Disturbance 0.02 |
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(TID) following a natural hazard by extracting Total Electron Contents (TEC) from dual-frequency observations. Due to the low amplitude of TID waveforms and uncertainties of the GNSS
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observations, an advanced signal processing technique is required to isolate the TIDs from TEC measurements. One of the most critical steps in the advanced signal processing technique is ol |
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the detrending process. The TEC detrending procedure is extremely challenging considering the high levels of dynamic activities in the ionosphere. Specially, frequent oscillations and 003 b
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abrupt disturbances following a natural hazard make the detrending procedure more complicated. To effectively mitigate the difficulties of the detrending process, here we developed an Kusatsu-Shirane
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efficient TID isolation method by combining the natural neighbor interpolation as the trend estimator with the leave-one-out technique as the cross-validator. Investigating the TIDs excited volcanic eruption
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by a sub-marine earthquake and low-yield volcanic eruption reveals that low SNR signatures can be achievable which verifies the performance of the developed methodology.
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TEC EXTRACTION FROM GNSS OBSERVATIONS ADVANCED SIGNAL PROCESSING TECHNIQUE b i
Hour [UTC]
* Calculation of TECs from the dual-frequency carrier phase GPS observations . . * An acceptable performance natural vor | [ ]
 The geometry-free (or ionospheric) linear combination of GNSS carrier phase (a) neighbor interpolation in ionospheric =
observables is proportional to the integral of electron density along the signal ray: * % . map computations (Kotulak et al., 5
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CASE STUDY Figure 2. (a) All the available points. (b) Creation of the * Natural neighbor interpolation in the  _ °"|
Voronoi cells aftgr excluding the query point. (c) Cr.eation three dimensional space R3: % 0-05
of a new Voronoi cell around the excluded query point. = o
* A volcanic eruption and several earthquakes with magnitudes of 5.3-7.9 Mb occurred on

ring of fire on 23 January 2018 (DOY023).
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Step 1: Exclude i*"* data point from the vector of TEC Figure 4. Detrended TECs and potential TIDs
observations and consider it as the query point in

natural neighbor interpolation = g;
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* The highlights of SWPC PRF 2213 for January 23, 2018 indicated low kp indices ranging

between o-2 and very low level of Sun activity.

* Chosen natural hazards to investigate their impacts on the ionosphere, as well as to * Propagation of eruption-induced TIDs with an average

* The weight coefficient is proportion velocity of 529.894 m/s

distinguish between the induced signatures from different sources:
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Propagation of earthquake-induced TIDs with an average
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Figure 1. Geophysical hazards on DOYo23 on ring of fire and network of applied IGS sites combination of natural neighbor interpolation and leave-one-out technique. 28.
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