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Analysis of methods for identifying anomalous pre-seismic total electron content (TEC) changes from global ionosphere map (GIM) data
J. E. Huard Method 1: Le et al. Method 2: Trend/Detrend Analysis 1111
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NorthWest Research Associates & DigiPen Institute of Technology, (2. Anomaly detection) The different cells of the TEC map are searched for keep this from influencing anomaly detection, a simple 24 hour running average fitter is 5. BN {25 5 Ea i |
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ABSTRACT: There are many published reports of anomalous changes in the ionospheric total electron appearing to show a precursor with higher magnitude earthquakes. * Ll ! B 'GUIT 8- 1-SIgma EEHTENEEe SEVIATon TS . °
content (TEC) prior to large earthquakes. HOWGVeﬂ_W_hether or not the_se TEC Chang_es dare reliable | (4. Statistical analysis) Here we see the rate of 1 sigma deviations (Figure 8) and 2 sigma deviations (Figure 9).
precursors that could be useful for earthquake prediction is controversial within the scientific community. The PR e el L or - No signal is evident, and instead seems to be random noise. Note the change in scale from 25% occurrence
statistical analysis by Le et al. (2011), which claims to have found an increase in TEC anomalies within a few g, - [ - N | i rate, the rate of deviation is now down a maximum of 5% and 2% deviation. |
days before M=6.0 worldwide earthquakes during 2002-2010, uses a nonstandard methodology for E . o " ' ; : l(J /xz%eé é\efgﬂgl\'/lsf% Vgggg?'wgﬁg?/isssugl ti?gr;gi%ug%nncgt tﬁge(%& eE%(c?Lrjgﬂ?obgllicr)n\,\i/hgt%?hﬂ%ﬂeﬁigle% s visually
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attempting to replicate the methods proposed by Le et al. (2011), then performing a more classical method S B 6.4 6.4 | Figure 3: Raw two month TEC plot from Figure 4: 24-hour averaged plot disturbances to make visually recognizable changes. If this large event had significant effect over the TEC in its
for precursor detection, we look for this controversial precursor signal. To test a possible statistical relationship £ 5.2 8.2 525 GIM cell around quake #360. for earthquake #360. vicinity (as suggested by Le et al.'s observations, see top left checkerboard plot), then visual inspection should
between the ionosphere and earthquakes, we compare TEC changes with occurrences of M=6.0 worldwide 8 60 Fiegiti 4= A0k show some sort of recognizable change.

earthquakes during a 15 year period, from 2000 to 2014. \We use TEC data from a global ionosphere map (3a. Trend analysis) For
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Motivation: The ability to identify earthquake precursors using radiometry of the surrounding atmosphere would greatly each magnitude 6.2 T | '35: | 5 100
aid in earthquake detection and consequent damage prevention and relief programs. Due to the importance of finding 50 5.0 between 6 and 7.1, at o __ || 05 * 5 A
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developed through scientific skepticism and looking the other way could ultimately lead to doing more harm than good. 15 10 5 0 5 10 15 75 - - R
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controversial within the scientific community. One such published report using statistical analysis of global ionosphere , _ No pre-seismic signal is apparent. ' R A e R
maps (GIM) (Le et al., 2011) claims to have found such a signal; an increase in TEC anomalies in the days leading up (Stretching) When calculating the occurrence rate for an earthquake the Figure 10: Plotted is the GIM for the 2008 Sichuan earthquake, a notably destructive seismic event. The
. . . . . anomaly count Nrt is divided by the amount of days T minus the discounted N T —— that could affect the TEC data is th | id st ts the earthauake's location. 80km from th ncial capital. and folt as f
to earthquakes. Is this technique valid? How can such methods for finding precursors be made more rigorous? days S, Pe = Nrt/ (T - S). Small T days (as for small T, S approximately (3b. Detrend) A potential issue that could affect the dia IS theé more long gold siar represents ine earinquake's location, cUKM from the provincial capital, and was lelt as 1ar as
- ’ . - ) - term changes that come from monthly seasonal changes. These changes are 1700km (Shanghai) from the epicenter.
quals T) may be baised o havmg'larger occurrence rates, and certain then rectified by using a cubic polynomial fit to the data over a two month period :
Datasets and Approach: The GIM is a 71 by 73 point grid (5183 points total) of 2-hour sampled, TEC values taken agomallous_ dayrsﬁ may bebSt][e’Ii_CtZ#ed ]’EfO Q[e(;ndushed In hlts)yherfT V?tlrl]les. y 2nd then Subtrgctinggthis ren dﬁing from the original plot to generate a 'detr})ende(,j' CO"C"_JS'O“S _ o _
from more than 200 GPS receivers. This investigation explores two techniques to analyzing the GIM data and finding (Sample size) This may be further effected as the number of earthquakes signal. This detrended sianal then represents deviations from the seasonal Using a straight forward statistical method no precursors are found in the GIM. There are several
| = | given magnitude and depth restrictions get as low as 29. The graphs with the 9 g P ‘moortant factors that need to be considered before reportin ecursor. Perh most obvi s the GIM
potential earthquake precursors. The first is that proposed by Le et al. (2011), which counts anomalous days before an seemingly most significant signal have the lowest included samples. Including average. Innj2relielnlt ieeolis Il NSt 1o s celndieiziel [Piereliz EpRiling] 2! [PEel=iols 1M nkelpks ek Lokl ks e
earthquake. The classification of anomalous days in this approach counts days with one-sigma standard deviation (+/- more earthquakes by increasing the allowed maximum depth to <40km, this resolution; while great for visualization, the sample rate is low and resolution poor, making signal detection
one standard deviation) from median, and looks to see if there are 6 consecutive hours in a given day. Then, the day ﬁig?]ﬁl ﬁ’(eteqrgs';t?e?gﬁgy'del?fgg?eg{'er?tiséng i?\ r?éfﬁgaetr:; %?I%rﬁﬁ&erggeﬁet'fﬁg\?v . 17:i0w:2009: mag 65, depth 1,1t 5.2, Ion 1314 L 17N0v2009: mag 66, doph 7l 5212, lon 1314 | difficult. The nature of the TEC values themselves must also be considered. As the 24-hour sinusoidal
must also contain at least one deviation greater than parameter R. The second method uses a similar approach that I J DepF:h m—— :’} w—— J ’ ' : : pr.og'ressmr.\ of the TEC = dominant, methods a.nalyzmg this data mgst compensate for this as to ensure no
attempts to address several potential issues present in Le et al.'s technique. A declustered set of earthquakes is 7 TR T ol | sf J a“?S hav.e influenced their results. Another §a3|ly overlooked factor is how earthquakes are declustereq;
compared with filtered TEC signals, which also compensate for seasonal changes, and then use total percent deviation 6.9 {25 | | using an Improperly generated earthquake list greatly effects hOVY anomalous features are counted, which
oer day rather than 'anomalous’ marked days. 6.8 ol ' ‘ | 1 could lead to misleading results. When these are taken into consideration, as in the second method, the
supposed precursor relation is greatly diminished. Not only is the overall scale of occurrence rate
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decreased (from a maximum of 25% to a maximum of 5%, even as low as 2%) but the apparent relation to
earthquake magnitude and earthquake occurrence are decreased to the point of being unrecognizable.
Further Research

Further studies of relating ionospheric activity to seismic events, particularly as precursors,
would benefit greatly from a more distinct classification of earthquake precursor signal. Using a
scientific explanation for how a precursor may be generated, and then looking for this expected signal
before earthquakes would be a much more reliable method for precursor identification. A similar method
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Ack lod , 5 10 15 20 L | | , , J b . . 5 . . | could also lead to more meaningful results: if ionospheric TEC data were clustered in space and time
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