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To investigate the precursory seismic quiescence associated with upcoming
hazardous earthquakes, seismicity data collected in the vicinity of the Thailand-Laos-
Myanmar borders were analyzed using the seismicity rate change (Z-value) technique and
the Region-Time-Length (RTL) algorithm, which were chosen for this study based on
previous successful investigations. The Thailand Meteorological Department provided the
seismic data used in this study. Following that, the catalog's homogeneity and completeness
were improved. Nineteen case studies of strong-to-major earthquakes were examined
retrospectively, but the results of six connected occurrences using two methods were chosen.
After performing iterative tests on the seismicity rate change using different values of Nw =
25 and Tw = 1.5, as well as the RTL algorithm parameters ro = 60 km and to = 2.5y,
reasonable estimates of the anomalous Z-values and RTL scores a few years prior to major
recognized earthquakes were obtained in both temporal variation and spatial distribution.
Both the Z-value and the RTL algorithm identified almost the same potential regions for an
approaching large earthquake: the northern part of Chiangmai, Thailand; the TLMB triple
junction; and Mong Pan, Myanmar.

Keywords: Earthquake Catalogue; Precursory Seismic Quiescence; Seismicity rate change;
Z-value; RTL Algorithm; Earthquake Forecasting.

1. INTRODUCTION

Pailoplee and Choowong (2014) all be felt in Bangkok. The research results
identified the  Thailand-Laos-Myanmar show that the spatial distribution of the b-
border as the intraplate seismotectonic setting  value indicates the epicenter of the earthquake
in Mainland Southeast Asia, one of the most  occurring around the lowest b-value area. As
seismically active zones. While Pailoplee, a result, the TLMB is now designated as a
Channarong, and Chutakositkanon (2013) zone of high seismic activity (Figure 1).
studied seismic activity from 1984 to 2020, According to Sobolev  (1995),
the Thailand Meteorological Department's laboratory rock experiments revealed two
earthquake catalogue  shows large distinct phases of seismicity rates prior to a
earthquakes occurred in this area. For major earthquake's rupturing process: the
example, an earthquake of Mw-6.8 on March  quiescent (seismicity decrease) and activation
24" 2011, in Tarlay, Myanmar (Wang et al.,  (seismicity  increase) stages.  Seismic
2014), and a Mw-6.4 on November 21%, 2019, quiescence is the most effective of these
in northwest Laos near the Thai border may stages as a precursor and it has been
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Figure 1. (a) Map of Thailand and neighboring countries indicating the area under study (box
with black line). (b) Map displaying the distribution of complete seismicity catalogue
epicenters (gray dots, containing all catalogues) and strong earthquake epicenters (red
star, containing My > 5.0) along Thailand-Laos-Myanmar borders between 2010 and
2020. Fault lines, the Mae Kong River, hydropower dams, and major cities were
represented by a brown line, a thick blue line, grey triangles, and grey squares,

respectively.

successfully applied in earthquake forecasting
over the past four decades. Several ideas have
been proposed recently to identify earthquake

precursors. Moreover, some significant
investigations have reinforced the theory that
seismic  quiescence  precedes  large

earthquakes (Katsumata, 2011).

Thus, a variety of statistical methods
for earthquake forecasting have been
demonstrated to determine the earthquake
precursor, including the Z-value (Wiemer and
Wyss, 1994) and the Region-Time-Length
(RTL) algorithm (Sobolev and Tyupkin,
1997). The Z-value is one of the additional
techniques for detecting the precursory
seismic quiescence that occurs before strong-
to-major earthquakes, such as the Mu-5.8
Coyote lake earthquake, USA and Mw-6.2

Morgan Hill earthquake (Bachman, 2001),
The 2008 Mw-6.4 SW-Achaia, Western
Greece (Chouliaras, 2009), the Muw-6.4
Turkey (Ozturk and Bayrak, 2009), The 2003
Muw-7.6 Colima earthquake, Mexico (Rudolf-
Navarro et al., 2010), the 2003 Mw-8.3
Tokachi-oki, Japan (Katsumata, 2011), and
the 2006 Mw-6.1 Silakhour, Iran (Sorbi et al.,
2012)

Another successful forecasting tool
for quantifying relative seismic quiescence is
the RTL algorithm. A number of RTL
investigations have revealed the successful
correlation between the quiescent and
activation stages and subsequent moderate-to-
major earthquakes in various seismogenic
settings, such as the My-7.2 Kobe earthquake,
Japan (Huang et al.,, 2001), the Mw-6.8

Neanudorn and Pailoplee, 2022. Vol. 14, No.1, 92-104

93



Gir
Nemuro earthquake, Japan (Huang and
Sobolev, 2002), the Mw-7.3 Izmit earthquake,
Turkey (Huang et al., 2002), the Ms-7.3
Tottori earthquake, Japan (Huang and Nagao,
2002), earthquakes with Ms > 5.0 in northern
China (Jiang et al., 2004), earthquakes with
Ms > 6.0 in the Yunnan area (Liu and Su,
2006), Mw-7.3 Chi-Chi earthquake, Taiwan
(Chen and Wu, 2006), Ms-8.0 Wenchuan
earthquake, China (Huang, 2008), and the
latest hazardous event of the My-9.0 Tohoku
earthquake, Japan (Huang and Ding, 2012).
As mentioned previously, the purpose
of this study was to validate the use of Z-
value and the RTL algorithm to analyze
seismicity rate change and quiescence along
the TLMB region prior to the occurrence of
nineteen hazardous earthquakes (Mw > 5.0),
and then to determine the prospective areas of
upcoming earthquakes along the TLMB using
the most recent seismicity data. The findings
should help constrain the potential locations
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of future earthquakes, as well as comparing
the potential of the two methods of
forecasting.

2. DATA IMPROVEMENT

We used the earthquake catalogue from the
Thailand Meteorological Department (TMD)
in this research. The earthquake records
between 2007 - 2020 along the Thailand-
Laos-Myanmar border (13.77°-25.35°E and
94.48°-106.07°N) were analyzed (Figure 2a).
The magnitude class of the earthquake
catalogue from TMD is moment magnitude
(Mw). To determine completeness, we used
Gardner and Knopoff (1974) approach to
remove the foreshock and aftershock. In
2005, Woessner and Wiemer made a
presumption called Entire-magnitude Range.
We found that the magnitude of completeness
(Mc) = 3.0 My between January 4™, 2007, and
September 22", 2020, can cover most of the
Thailand-Laos-Myanmar borders (Figure 2b).

s 20
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2012 20
Year (

Y

2014 2016 2018 2020
r (AD.)

2011 2012 2013 2014 20
Year

(AD.)

Figure 2. Cumulative number graph showing the rates of (a) seismicity detected from TMD

during period 2007-2020, (b) the earthquake catalogue after declustering, (c) the
completeness earthquake catalogue after the GENAS technique during January 6, 2010,

and September 22, 2020.

Furthermore, using the GENAS technique
(Habermann, 1983; 1987), this technique
eliminated the harmonic main shock of the
magnitude completeness. As seen in Figure
2b, there is no evidence of apparent man-
made activity in the bulk seismicity rate, as
noted by Wyss (1991) and Zuniga and
Wiemer (1999). As a result, we chose to

include all 2022 remaining major shocks with
Mc > 2 My observed between 2010 and 2020
in this Z-value and RTL investigation (Figure
2¢).

3. SEISMICITY RATE CHANGE (Z-VALUE)

The Z-value, as described by Equation
1, was used in this work to evaluate the
precursory seismic quiescence, which is a
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decrease in seismicity induced prior to
dangerous earthquakes (Wiemer and Wyss,
1944).

Rbg_Rw

> ;
Sbg , s&
__+__
Nbg Nw

in where Z is the seismic quiescence rate,
which is expressed by the difference between
the average seismicity rate inside a certain
time window (Rw) and the general period
prior to the studied time frame (Ryg). In this
equation, the parameters Sw and Spg are
defined as the standard deviations of Ry and
Rog, respectively, whilst the parameters Nw
and Npg are specified as the number of
earthquakes. According to seismology, the

positive and negative Z-value represent the
quiescence and activation stages,
respectively, during which the seismicity rate
is less or greater than the background rate.
3.1 Temporal Investigation
In terms of temporal investigation, the
free characteristic parameters included () the

7 =
1)
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number of earthquakes (Nw; 25-150 with 25
event intervals) and (ii) the time frame (Tw;
0.5-15 year with 0.5-year intervals) and the
two were adjusted. The repeated test of 180 (6
x 30) characteristic variables found that Ny =
25 events and Tw = 1.5 year were the most
appropriate characteristic parameters.
Thirteen  seismicity  precursors  were
discovered during the retrospective temporal
investigation of the nineteen strong-to-major
earthquake occurrences. Due to a lack of
seismicity data, the My-5.0, Mw-5.4, Mw-6.7,
Mw-5.0, Mw-5.1, and Mw-5.1 earthquakes of
2010-2013, and Mw-5.1 of 2016 could not
discover any anomalous Z-values prior to the
earthquakes' occurrences (Table 1). The
cumulative numbers of earthquakes versus
time were shown for each case study (Figure
3). Following that, the Z-value was calculated
using the long-term average function
developed by Wiemer and Wyss (1994),

Table 1. The following is a list of strong-to-major earthquakes (Mw > 5.0) that occurred within
the TLMB between 2010 and 2020, as well as the results from the Z-value
investigation using Nw = 25 events and Tw = 1.5 y and the results from RTL
algorithm investigation using ro =60 km. and to = 2.5 y.

No Longitude Latitude Date Time Depth My Z Qs Q-time RTL Qs Q-time
(°N) (°E) (UTC) (km) (A.D.) (years) score (A.D.) (years)

1 100.03 21.2 March 19, 2010 2323 0 5 - - - - - -

2 101.74 18.82 February 23, 2011 16:10 0 5.4 - - - -

3 99.91 20.87 March 24, 2011 1417 0 6.7 - - - -

4 99.08 21.69 July 12, 2011 21:46 0 5 - - - -

5 100.05 22.3 September 17,2012  07:23 0 5.1 - - - -

6 97.68 18.96 April 10, 2013 02:35 0 5.1 05 20117 2.9 - - -

7 100.62 21.49 September 22, 2013 2344 10 5.2 23 20117 2 -0.61 201324 0.5
8 99.62 19.7 May 5, 2014 00:50 7 5.2 1.7 201278 16 -0.55 2014.04 0
9 99.692 19.748  May5, 2014 1119 7 6.3 22 201278 16 -0.56 2014.05 1
10 99.88 20.52 June 9, 2014 14:10 5 5.1 3 201124 32 -0.65 2013.74 0.7
11 9845 21.74 December 26, 2014 1731 10 5.4 11 201213 45 -0.65 201328 1.7
12 99.02 20.56 May 24, 2015 1055 16 5.1 2.2 201098 4.4 -0.72 201285 2.3
13 101.29 21.88 March 5, 2016 12:20 10 5.1 2 201412 21 - - -
14 102.35 22.05 April 22, 2016 01:38 20 5.1 - - - - - -
15 100.12 20.71 April 18, 2017 19:42 2 5.1 47 2013.78 6.7 -0.26 2013.74 36
16  99.53 20.62 February 3, 2018 15:31 5 5.1 43 201401 7.4 -0.24 2013.08 44
17 97.97 20.27 July 1, 2018 20:42 2 5 29 201159 6.9 - - -
18  101.376 19.456  November 20,2019  00:02 3 6.4 44 201542 79 -0.08 201355 6.3
19 101.333 19.421  November 20,2019  21:19 5 5.9 47 201542 79 -0.08 201355 6.3

The parameters Z, RTL Score, Qs, and Q-time indicate, the minimum RTL score, the maximum
Z-value, starting time of the defined seismic quiescence and the time span between the
quiescence and the occurrence time of the earthquake, respectivel
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as shown in Equation 1. Because this research
focuses on the comparison of Z-values and
RTL algorithms, we will discuss just the case
studies that are related, specifically with case
study nos. 8, 9, 10, 12, 15, and 16.

The next paragraph contains the
findings of the retrospective temporal
research. Figure 3a shows a maximum Z-
value of 1.7 in 2012.78, followed by a 5.2 My
earthquake on May 5™, 2014, northeast of
Chiang Mai, Thailand. In Figure 3b, the
greatest Z-value is 2.2 in 2012.78, and then
1.6 years later, on May 5", 2014, a 5.2 Mw
earthquake struck northeast of Chiang Mai,
Thailand. Figure 3c shows a maximum Z-
value of 3 at 2012.82 and then an My-5.1

(@) 5.2 My, 05/05/2014

(b) 6.3 My, 05/05/2014
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earthquake on June 9™, 2014, east of Mong
Pan, Myanmar. In Figure 3d, the computed Z-
value depicts the 2012.13 peak (Z = 1.1).
Following that, 4.4 years later, on May 24"
2015, an My-5.1 earthquake occurred east of
Mong Pan, Myanmar. (See No. 12 in Table 1).
For Figure 3e, the highest Z-value of 4.7
occurs in 2013.78, and then, around 6.7 years
later, the Mw-5.1 earthquake struck eastern
Mong Pan, Myanmar, on April 18" 2017.
(See No. 15 in Table 1). The determined Z-
value in Figure 3f depicts the peak (Z = 4.7)
at 2014.01. Following that, approximately 7.4
years later, on Feb 3" 2018, an Mu-5.1
earthquake struck eastern Mong Pan,
Myanmar. (See No. 16 in Table 1).
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Figure 3. (a-f) Grpah plot between the cumulative number of earthquakes (grey line) and Z-
value (black line) are plotted against time. The black stars indicate the time of each
earthquake's occurrence. The transparent grey strip illustrates the Z-value anomaly,
which is recognized as the quiescence stage.
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3.2 Spatial Investigation

The potential Z-value for identifying
earthquake precursors in the TLMB region
was explored spatially and mapped in order to
restrict the potential Z-value for detecting
earthquake precursors in the region. The
TLMB region was gridded using cells with a
dimension of 0.25° x 0.25, the nearest 50
events from the earthquake data were found in
each individual grid node, and the Z-value
was derived spatially in the same method as
in the prior temporal investigation. The Z-
value of each grid node was picked,
contoured, and mapped in accordance with
the previously stated quiescence time (Figure
3 in column Qs

() 5.2 My, 05/05/2014

(b) 6.3 Mu, 05/05/2014

Bulletin of Earth Sciences of Thailand

in Table 1), and the resulting maps of thirteen
samples are given in Figure 4.

The spatial distribution of the Z-value
investigated in 2012.78 and 2012.78 (Figures
4a and 4b) indicated a larger Z anomaly that
was scattered in three areas: western Mong
Pan, Myanmar; northern  Chiangmai,
Thailand; and western Luang Prabang, Laos.
Then, on May 5", 2014, 5.2 and 6.3 years
later, earthquakes, respectively, struck
northeast of Chiangmai, Thailand, inside the
highest Z anomaly area mentioned before
(Nos. 8-9 in Table 1). In 2011.24 (Figure 4c),
the spatial distribution of the Z-value
indicated a more noticeable

() 5.1 My, 09/06/2014

Qs =2012.78 8

10098~

Qs =

z-vawe T z-vae N

-3 -2 -1 0 1 2 3 4 5

2012.78 9

1009 —0h 102°F o’ _ 100% 0 10
N . 2

-3 -2 -1 0 1 2 3 4 5

Qs = 2011.24

(d) 5.1 My, 24/05/2015
Qs = 2010.98

(€) 5.1 My, 18/04/2017
Qs = 2013.78

(f) 5.1 M, 03/02/2018
Qs = 2014.01

16 -1 04 02 08 14 2 26 32

sa% _Z 100%5 )
== > ™

102 aa 100780 1029
N TR

Figure 4. The spatial distribution of a-m the Z-values for thirteen of nineteen large earthquakes
(numbers 6-13, 15-19 in Table 1) during the time slice of seismic quiescence
determined from the temporal investigation are depicted on a map of the TLMB (Figure
3). The colors red and blue represent a decrease (+Z) and an increase (-Z) in seismicity
rate, respectively. Black stars show the epicenter of the earthquake case study.
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Z anomaly that was scattered in two parts:
along the TLMB boundary and Chiangmai,
Thailand, near where the greatest Z anomaly
region was displayed above. This spatial
distribution of the Z-value is related to a 5.1
magnitude earthquake (No.10 in Table 1). In
2010.98 (Figure 4d), an anomalous Z-value
was distributed west of the TLMB boundary
and around Chiangmai, Thailand. Following
that, about 4.4 years later, the epicenter of the
Mw-5.1 earthquake that occurred on May 24",
2015 (No. 12 in Table 1) was located east of
Mong Pan, Myanmar, along the rim of the
positive Z anomalies with a Z-value of 2.2.
Figure 4e shows the Z map for 2013.78. It
shows that an anomalous Z-value was spread
from NW to SE over northern Thailand and
northern Laos. After around 6.7 years, the
epicenter of the Mw-5.1 earthquake that
occurred on April 18", 2017 (No. 15 in Table
1) was discovered east of Mong Pan,
Myanmar, on the rim of the Z anomalies with
a positive Z-value of 4.7. An anomalous Z-
value was spread in a NW-SE direction
throughout northern Thailand and northern
Laos for the Z map in 2013.78 (Figure 4f).
Following that, the epicenter of the My-5.1
earthquake that occurred on February 37,
2018 (No. 16 in Table 1) was situated around
7.4 years later to the east of Mong Pan,
Myanmar, on the rim of the Z anomalies with
a positive Z-value of 4.3. (Figure 4f).

4. SEISMIC QUIESCENCE
(RTL ALGORITHM)

The RTL algorithm (Sobolev and
Tyupkin, 1997; 1999) is a useful method of
statistical seismology that was developed to

R(X,Y,z,t)

. T(x,y,2,t)

Bulletin of Earth Sciences of Thailand

detect the presence of precursory seismicity
changes associated with the occurrence of the
main shock (Sobolev 1995). The RTL
algorithm weights three parameters called as
R (interested region), T (time), and L (rupture
length), which can be expressed as the
following Equations 2-4:

R(x,y,z,t) = {Zn:exp[— :‘J =Ry (%, z,t)} )

t—t,
t0

T(x,y,z,t):{iexp(— J—Tbg (x,y,z,t)} (3)

L(x,y,z,t)= {Zn:exp(— IrIJ =Ly (X, Y, z,t)} 4

Where (X, y, z, t) indicate the investigation
location and time, and r; indicates the distance
between (X, y, z) and the epicenter of the i
earthquake. Meanwhile, ti and li are the origin
time and length of the earthquake’s surface
fault rupture, respectively, which are
proportional to the earthquake's magnitude
(Mi) (Wells and Coppersmith 1994). Rug (X, VY,
zZ,t), Tog(X, Y, z, t), and Log (X, Y, Z, t) define the
background values of R (x,y, z,1), T (X, Y, 2,
t), and L(X, Y, z, t), respectively, whereas ro and
to define the characteristic distance and time
span, respectively. The parameter n represents
the total number of earthquakes with a
magnitude greater than the completeness
magnitude (Mc; Woessner and Wiemer 2005).
Meanwhile, 2ro equals Rmax i and 2to equals
Tmax t - ti. The RTL score or VRTL (X, Y, z, t)
may be calculated using the R, T, and L in
Equation 5.

L(x,y,z,t)

\/ X,V,z,t)=
rre (X, Y, Z,1) RO, Y,2,1)

After all, the RTL score is a numeric number
ranging from -1 to 1. VrrL = 0 implies the
normal activity of the seismicity. Meanwhile,
Vet < 0 and > 0 represent a seismic

T(X’ Y, Z’t)max

L(X’ Y, Zlt)max ©)

quiescence and activation, respectively.
Moreover, the spatial distribution for RTL
algorithm, Huang et al. (2002) developed the
Q (x, Y, z, t1, t2) function as Equation 6 to
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measure the average of RTL values during the
time window [t1, t2]

Q(Xy,z,t,t2) = %i RTL(X,Y,7,t,)

Bulletin of Earth Sciences of Thailand

Where m is the number of RTL data points in
the window [t1, t2] (the RTL parameter is
derived using equation (4), which is included

& (6)  in [t1, t2]. Figure 3 illustrates the algorithms
that have been introduced.
Grid node Tmax AT

position (x,y,z) « Tby
Q
g - | QL S A ,"\4'\/" A .§
s The epicenter of > \ Ll } = | Seismic Quiescence Map
= i*" earthquake - ‘\=. ] 3

Longitude Time Longitude
a. b. C.

Figure 5. The diagrams illustrating the spatial distribution of seismic quiescence at the position
(X, Y, z) show (a) the Rmax-defined frame area threshold and the distance between the
selected grid node and the ith earthquake's epicenter point. (b) The diagram illustrates
the Vrre curve at each grid node considered and the minimum VgL (indicated by a red
circle), where Tng denotes the total background time used to calculate the RTL
algorithm, AT denotes the time span used to investigate seismic quiescence, and Tmax
denotes the time span with a restricted range. (c) An illustration of the seismic
quiescence map. The shaded region denoted the research area's seismic quiescence
throughout the period under consideration. (Puangjaktha and Pailoplee, 2016)

4.1. Temporal Investigation

The RTL algorithm was investigated
retrospectively in both temporal and spatial
aspects at the epicenters of nineteen strong-to-
major earthquakes (Mw > 5) previously
recorded within the TLMB in order to define
the relationship between the RTL score and
the subsequent occurrence of a hazardous
earthquake at a given locality (Table 1). The
result is a set of distinctive characteristics (ro
and to, which are connected t0 Rmax and Tmax,
respectively) that may be used to detect the
precursory RTL score generated before to the
dangerous earthquake in the TLMB. To do
this, ro was altered between 50 and 200 km at
5-kilometer intervals, while to was varied
between 1 to 5y at 0.5 y intervals. Thus, for
each case study of an earthquake, 144 (16 x

9) situations of the distinctive parameters
were examined repeatedly. The results
showed that the characteristic distance ro of 60
km (Rmax = 120 km) and time to of 2.5 years
(Tmax = 5 years) were the most effective
conditions for finding the anomalous RTL
score connected to five of the eight detected
earthquakes after repeated tests (Table 1). The
RTL score was analyzed every 10 days the
beginning of accessible seismicity data (2010)
till the occurrence time of each earthquake
examined in the retrospective temporal
investigation. The temporal variations of the
RTL score for the five successful case studies
are shown in Figure 6. Due to the fact that this
research compares Z-values and RTL
methods, we will cover just those case studies
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that are relevant, namely case studies 8, 9, 10,

12, 15, and 16.

(a) 5.2 My, 05/05/2014
RTLmin = '055

15 5.2M, 1=

RTL Score
o
RTL Score

0.4 -04
0.6 -0.6
0.8 -0.8

(b) 6.3 My, 05/05/2014
RTLmin = '056
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(c) 5.1 My, 09/06/2014
RTLmin = '007

6.3 M, 17

08 £ n 8 n 8
06+ 06 06 - 541 2"
04 + 04 04 £
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Figure 6. Temporal variation of the RTL score (grey line) of six strong-to-major earthquakes.
Strong-major earthquakes are depicted by the black square.

Figure 6a shows the temporal
variations in the RTL score at the location of
the Mw-5.0 earthquake, revealing the
activation stage began in 2012.70. Following
that, the RTL score dropped sharply, reaching
the first stage of quiescence in 2013.35. On
the other hand, the RTL curve exhibits a little
variation for 0.5 years until the second
quiescence stage, with the lowest RTL score
in 2014.31 (RTL score =-0.55). On the other
hand, the earthquake occurred during the
quiescent state. The similarity in Figures 6a
and 6b might be due to the fact that the
earthquakes in the case study happened at a
similar time and location. By the beginning of
the activation stage in 2012.62, the RTL score
then dropped sharply, reaching the first stage
of quiescence in 2013.28. The RTL curve
displays a little variation for 0.5 years before
the second quiescence, with the lowest RTL
score in 2014.31 (RTL score = -0.56). On the
other hand, the 6.3 My earthquake happened

during a quiescent state. The RTL score at the
location of the Mw-5.1 earthquake on June 9",
2014 (Figure 6¢) was stable between 2010.09
and 2010.93. The RTL score increased
sharply to two activation stages in 2012.25
and 2012.28, but then the score decreased to a
quiescence stage in 2012.32-2012.74. The
RTL score finally reached the lowest level in
2013.70 (RTL score =-0.07). In Figure 6c¢, the
RTL score curve clearly indicates three
quiescent stages (i.e., 2012.85-2013.24,
2013.39-2013.51, and 2013.58-2013.78) and
two activation stages (i.e., 2014.12-2014.24
and 2014.31-2014.66). From the minimum
RTL score (-0.72), the quiescent stage of
2012.85-2013.24 was defined as the precursor
of the Mw-5.1 main shock on May 24", 2015).
The RTL score curve in Figure 6d clearly
demonstrates  three  quiescent periods
(2012.85-2013.24, 2013.39-2013.51, and
2013.58-2013.78) and two activation stages
(i.e., 2014.12-2014.24 and 2014.31-2014.66).
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After the activation stage, the RTL curve has
a small variant for 1 y before the occurrence
of Mw-5.1 major shock on May 24", 2015.
The quiescent stage of 2012.85-2013.24 was
determined as the precursor of this event
based on the minimal RTL score (-0.72).
According to Figure 6e, seismic quiescence
began to decline in 2012.78 and peaked in
2013.74 (RTL score = - 0.26). Additionally,
the RTL score suggests an activation stage
between 2015.81 and 2017.21, with a
maximum RTL score of 0.40, although the
April 18™ 2015, 6.3 My, earthquake occurred
during an activation stage. Finally, the
variation in the RTL score demonstrated the
seismic quiescence clearly in Figure 6f. The
RTL began dropping in 2013.08 and reached
- 0.24 in 2013.24, before gradually reverting
to the background rate in 2014.96. Following
that, the RTL score indicated an activation
stage between 2016.61 and 2017.99, with a
maximum RTL score of 0.96; nevertheless,
the February 3, 2015, 5.1 M, earthquake
happened during this time.

4.2. Spatial Investigation

To re-evaluate the RTL algorithm's
suitability for earthquake forecasting, the
RTL score was further evaluated spatially. To
begin, the study area (Figure 1) was gridded
using a grid interval spacing of 0.25 x 0.25.
The temporal variation of the RTL score was
determined at each grid node using Equations
1-4. The Q parameter (Huang 2004) was used
to spatially map the RTL score, as described
in Equation 5; for each grid node, the Q
parameter was computed, contoured, and
mapped as shown in Figure 7.

For instance, in Figure 7a, the
distribution of the Q parameter averaged for
the time period 2014.04-2014.31 reveals
seismic quiescence in two areas covering
approximately 200 km? north of Chiang Mai,
Thailand. The epicenter of the My-5.2
earthquake that struck on May 5", 2014,
occurred within the rim of the minimum RTL

Bulletin of Earth Sciences of Thailand

score location. The similarities between
Figures 7a and 7b might be because of the
comparable time and place of the earthquakes.
Figure 7b displays the Q parameters for the
time period 2014.04-2014.31, during which
an anomaly was formed in a 200 km? region
north of Chiang Mai, Thailand. The My-6.3
earthquake that struck on May 5", 2014,
occurred northeast of Chiangmai, Thailand. It
occurred along the rim, which is where the
minimal RTL area is located. The quiescent
time calculated from temporal research for the
5.1 My earthquake that struck east of Mong
Pan, Myanmar, along the TLMB boundary,
was in the range of 2013.35-2013.74, with the
spatial distribution of the RTL score shown in
Figure 7c. In the area of Mong Pan Myanmar,
there were several quiescent anomalies. The
earthquake's epicenter, on the other hand, was
in the eastern part of the anomaly. In Figure
7d, covering the quiescent period of 2012.85-
2013.24, a prominent anomaly occurred in
two portions: a weak anomaly in Chiangmai,
Thailand, and a strong anomaly in the north of
Mong Pan, Thailand. In addition, the
epicenter of the 5.1 My earthquake that
occurred on May 24", 2015, was located in
the rim the defined strong RTL anomalies
(Figure 7d). Figure 7e illustrates an anomaly
in two locations: a minor anomaly in the south
of Chiangmai, Thailand, and a significant
anomaly in the northeastern part of Mong
Pan, Myanmar. Additionally, the epicenter of
the 5.1 Mw April 18" 2017, earthquake was
located near the defined significant RTL
anomalies (Figure 7e). Finally, as illustrated
in Figure 7f, the spatial distribution of the
RTL score from 2013.08 to 2014.96
demonstrated that the seismic quiescence area
covered about 200 km? along the Myanmar-
Laotian border. The lowest RTL score, in
particular, denotes the northeastern section of
Mong Pan, Myanmar. The epicenter of the 5.1
M, earthquake that struck on February 3",
2018, was located in the southern portion of
the RTL anomaly (Figure 7f).
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Figure 7. (a-f) indicates the spatial distribution of the RTL score during each case study's
seismic quiescence (same six earthquakes as in Figure 6). The lower the RTL score, the
less active the seismicity (quiescence) . The individual identified earthquake's epicenter

is represented as a black star.

5. AN UPDATED PROSPECTIVE
EARTHQUAKE SOURCE

To clarify the results of this research,
the anomalous Z-value was compared to the
anomalous RTL score. Additionally, it was
observed that the seismicity rate varies in
relation to seismic quiescence.
Seismotectonically, the positive and negative
Z-values correspond to the quiescence and
activation stages, respectively, in the
particular location and time period of interest.
A lower RTL score, on the other hand,
indicated a higher level of seismic quiescence.
For instance, when the spatial distributions of
the Z-value and RTL score are compared
during the same time period in SiX

occurrences, the places with a relatively high
Z-value quite closely overlap to those with a
low RTL score, shown in Figures 6a and 7a.
The overlapping anomalous zones were
primarily found north of Chiangmai,
Thailand. As previously stated, two hazardous
earthquakes occurred in this area on May 5%,
2014: the Mw-5.2 and My~ 6.3 earthquakes.
As a result, both the anomalous locations of
the Z-value and RTL score, as well as the
northern part of Chiang Mai, Thailand, the
triple junction of the TLMB, and Mong Pan,
Myanmar), may serve as precursors to the
next upcoming earthquakes.

6. CONCLUSION
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Precursory seismic quiescence, which
is shown before strong-to-major earthquakes
happen, was the goal of this study. It used the
Z-value and RTL algorithm to find out more
about it. The finding is beneficial for the
contribution of a hazard map indicating the
locations of potential earthquake-prone areas
in the future. The following four conclusions
are based on the results that were found.

() Using the most appropriate
characteristic parameters for Z-value (Nw =
25 and Tw = 1.5) and the RTL algorithm (ro =
60 km and to = 2.5), both methods can detect
the seismic quiescence stage before the
generation of thirteen and ten out of eight
strong-to-major earthquakes, respectively.

(i) The temporal investigation
revealed that the time interval between the
aforementioned quiescent stage and the
occurrence of strong-to-major earthquakes
was within the range of intermediate-term
forecasting.

(iii) In this study, places with a
relatively high Z-value corresponded to areas
with a low RTL score

(iv) While the Z-value map illustrates
a larger area of anomaly, the RTL algorithm
map depicts a more precise region. Both
techniques have the potential to forecast an
upcoming earthquake.
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