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Abstrace

This paper reports on statistical resulls of 'iclsim)-mnmphenc precursors (SIPs) of the total electron content (TEC) in the global i

dign-hased

Japan during 1999-2016. A

The [

d with M=6.0 in

map

with the # test is cmplaycd o exa.mmc the TFC variations 30 days belore and after the earthquake, Results show that the SIPis

mainly the TEC significant increase few days before the carth

(ROC) curve is further used 1o evaluate the efficiency of the TEC for predicting

the earthguakes in Japan during the time period with statistical significance detected hy the ? test, The SIP is further confirmed since the area under the ROC curve is positively associated

with the carthquake magnitude.
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Figure 1. Locations of the GIM TEC and ihe 135 Mo60 earthquakes in Japan during |999-2016. The
enrthquake catalog is retrieved from USGS. The mangle denote (37.5° N, 1407 E), the location of GIM TEC
used in ihis study

VEC Reference
M, LG and L0 are the median, first and third quartiles of TEC based on previous 15-day TECs
Set the upper bound £ A=M-KIA-LC) and the lower bound B=0k( 00
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Figure 2. The JTEC obiserved at the fixed location (37.5° N, 957 E) 30 days before and aftor the 11 March 2011 M9.0

Tohoku-Oki eanthquake. (a) dTEC, (b} 6TEC of the points where the observed TEC fall outside the associned LB or

UB with k=15,

A
70 & B B IT e e 3
T UT)

7 the observed of carthquake-retated li
77 the background prop of I n : the number of earthquakes
The = value is s PPy
Jel=po)in
0 Stoar of B4 50065 aanhauekos toc of 36 B.5CM<T 1 aahouakes =
TE— ko o 52
%.; = g, e (L
i = — v i
E'ﬂ;_’-‘ 3 _“-‘.,:.‘E.L: ‘E-
£ 3 e e
i I |
B P =73 \
E:W’ 3 i eallisf| o
ul_,_ﬂut e e 8
21 2 - = |3
e i T
21} o e — .
M ENuMERIEM TicEmuMBEDEN OO

21ksm§uﬁﬂmzﬂ
Figure 3. The median values of STEC in 30 days before and afler Japan eanhyuakes with magnitude (a) 6 0<
M6 5 (b) 65 <M<T0, and (6)M =70, The conjour denes significant = test at sigmiicance level 0,05
(EL imement  Zone A, 0600-1000 UT 1-2 days  Zone B: 1900-2200 UT 2-3days before EQKs
Zone C: 0700-1000 UT 2-3 days  Zone D: 1500-2100 LT 910 days before EOKs
Zome E: 01000300 UT 2-3 days  Zone F: 01700-0900 UIT 1-3 days before EQKs

Anomaly Occurrence Frequency

Figure 4. Percentages of the earthquakes with positive (black dot) and negative (gray dot) precursory days The
Dilack bar represenis the amount of perceniage in which positive anomaly is over negative anomaly, while the gray
Ivar dennies the amount of percentage in which negative anomaly is over positive anomaly.

 (ROC) Curve

* For a cutoff value £, We compute the true positive rate (TPR) and False positive rate (FPR) as
TPR={No, of alarmed earthquake days)(No. of earthquake days)
and FPR=(Mo. of alarmed non-carthquake days)(No. of non-earthquake days)
The ROC curve with FPR as the x-axis and TPR as the y-axis is obtained for a variety of possible & value
* The area under the ROC curve {AUC) 15 used for assessing the effectiveness of the TEC precursor,
= For testing H, {S1Ps are randomly abserved) versus H, (S1Ps are not randomly observed), We randomly
generate anomaly days based on Gamma distnbution during the study period, and then caleulate the ROC
corve and max-AUC for ¢ach simulation
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Figure 5. ROC curves for alarming EQKs based on precursony information from the six zones as indicated in Figure
3. The red, gray and blue curves denicte the ROC curves of the observations, simulations, and the 5% line of
simulations respectively, The red inverted visngle denotes the & value vielding the maximum R seore (= TPR-FPR),
which is called the Youden index (Youden, 1950)

Table 1. AUCs of Different Earthquak Groups

EQ Adatming day | Anomaly, period (LT) kevalue |TER - [FPR |pevalue(ALICT) | Alarms
ZoneA [1-2 | D60U-1000 *
b Zmea' 23 |1900-1200 &
fone 0|23 [0700- 1000 3
3650 ST o Tsnatan a1
Zone B |2-3 | N00-0300 16
18MET0 [oner |13 |o7ooom0 27

The = test at significance level 0.05 shows the SIPs appears in'd.iﬁ’cr;nl time/day zones prior to three
gronp of carthquakes (84 6,0= M<6.5, 6.5 <M=7.0, and M > 7.0) in Japan durins 1999-2016
. The ROC curves amd the associated AUC*s recommend that 4 ugm!imt TEC‘ increment in six zone
provides with a reliable SIP for three m‘oup hgquakes in Japan, resp
. The average of median GTECS is iz with the hic and is elosely
refated 10 the associated AUC 1 implies lllal.latger earthguakes have the smm prepasation, and in
turn relesse a stronger SIP of GPS TEC.
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