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Abstract 

In this study, both the temporal and spatial distributions of the seismicity rate changes were examined along the 

strike-slip fault system (SSFS) at the Thailand-Myanmar border. Based mainly on the completeness seismicity 

data, the relationships between the rate change anomalies and the proceeding earthquakes were checked 

empirically. Utilizing the obtained optimal condition of N = 25 events and Tw = 2 y, the results revealed that the 

lower the seismicity rate, the higher the probability of a subsequent earthquake occurrence. Hence, both spatial 

and temporal distributions of the rate changes were evaluated from the present-day seismicity data for 2005–2016. 

The maximum obtained Z value (7.3) was found in (i) 2006.43–2007.12 and 2012.64–2013.07 at northwestern 

Naypyidaw (96.50oE, 20.39oN) and (ii) in 2012.49 at the northeastern part of the SSFS (97.75oE, 21.89oN). This 

agrees well with those areas proposed previously by analysis of the frequency-magnitude distribution b-value. 

Therefore, effective mitigation plans should be contributed urgently, for Naypyidaw, the new capital city of 

Myanmar. 
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1. INTRODUCTION

Seismotectonically, the strike-slip 

fault system (SSFS), delineating along the 

Thailand-Myanmar border (Figure 1; 

Pailoplee et al., 2009), is defined as an 

intraplate regime according to the present-day 

seismicity of the Indian-Eurasian collision. 

Within this fault system, a lot of seismogenic 

fault zones have been proposed, including the 

Mae Hongsorn-Tak, Moei-Tongyi, Pan 

Luang, Pa Pun, Shan, Sri Sawath (SSFZ), 

Tavoy and Three Pagoda (TPFZ) fault zones 

(Nutalaya et al., 1985; Pailoplee et al., 2009). 

With respect to earthquake hazards, the SSFS 

is important due to its strike in the NW-SE 

direction and that the southern and northern 

parts are really close to Bangkok and 

Naypyidaw, the capital cities of Thailand and 

Myanmar, respectively. Furthermore, there 

are seven hydropower dams that are currently 

in operation in western Thailand and one that 

is planned for construction in eastern 

Myanmar (Figure 1). 

Geological evidence has revealed that 

the SSFS, in particular for the TPFZ, has been 

moving in at least three stages with a different 

sense of movement (Rhodes et al., 2004). The 

rates of fault slips have been estimated 

variously at 0.22–2.87 mm/y (e.g., Nuttee et 

al., 2005; Department of Mineral Resources, 

2007; Charusiri et al., 2011). In addition, 

Pailoplee and Charusiri (2016) reported that 

at least 10 paleoearthquakes have been posed 

in both the TPFZ and the SSFZ.  

For the present-day seismic activities, 

Pailoplee (2014) determined the earthquake 

activities spatially along the SSFS using the 

frequency-magnitude distribution (FMD) 

model of earthquakes (Gutenberg and Richter, 

1944). Both the possible maximum 

earthquake in a specific time span (10–50 y) 

and the recurrence interval of a given 

earthquake magnitude (4.0–7.0 Mw) were 

estimated. For instance, the possible 

maximum earthquake in the next 50 y was 

around 5.6 Mw along the northern segment, 

which is equal to that posed in the northern 

SSFZ in 1978, while the shortest recurrence 

intervals were located around the northern 

part of the SSFS and increased gradually 

towards the southern parts. In addition, 

according to the spatial distribution of the 
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FMD b-value, Pailoplee (2016) proposed five 

areas exhibiting low b-values as prospective 

areas of forthcoming earthquakes along the 

SSFS. As a result, most of the fault zones in 

this region were defined as hazardous seismic 

sources, and in particular for the northern part 

of the SSFS.  

Figure 1. Map of the Thailand-Myanmar 

border illustrating the groups of the 

SSFS, as compiled by Nutalaya et al. 

(1985) and Pailoplee et al. (2009). 

White circles denote the epicentral 

distributions of the earthquake data 

after enhancement of the 

completeness (Mw ≥ 2.3 recorded 

during 1980–2015). Grey and red 

circles show earthquakes with Mw ≥ 

5.0 recorded along the SSFS during 

1992–2008 (see also Table 1). 

Triangles and squares give the 

locations of cities and hydropower 

dams, respectively. 

According to Sobolev (1995), 

laboratory rock experiments revealed that 

before the rupturing process of a strong 

earthquake, two empirically specific stages of 

seismicity rates can be detected: the quiescent 

(seismicity decrease) and activation 

(seismicity increase) stages. Of these stages, 

seismic quiescence is an effective precursor 

and has been used with success in earthquake 

forecasting during the past four decades (e.g., 

Mogi, 1969; Wyss and Habermann, 1988; 

Wyss and Martirosyan, 1998; Wiemer and 

Wyss, 1994; Sukrungsri and Pailoplee, 2015). 

Therefore, in order to find out and constrain 

the prospective areas of likely upcoming 

earthquakes near the SSFS, as mentioned 

previously, the main objective of this study 

was to examine and detect the changes in the 

seismicity rate along the SSFS, from an 

analysis of the available seismicity data. 

2. DATA AND COMPLETENESS

The significant requirement for a 

meaningful statistical analysis of the 

seismicity rate is the use of a homogeneous 

earthquake catalogue. In order to provide the 

main dataset utilized in this study, earthquake 

data were selected from the International 

Seismological Centre (www.isc.ac.uk). The 

scope of the area for downloading the data 

was extended 300 km from the study area 

(longitude 92.25–103.67o E and latitude 9.33–

25.96o N). The depth was limited to 40 km 

according to the shallow crustal earthquake. 

As a result, 30,908 earthquake events 

recorded during 1964–2016 then formed the 

initial basis of this analysis. The recorded 

magnitudes of these earthquakes varied in the 

range of 1.0–6.5, but in different scales (MW, 

mb and MS). Thus, to homogenize these 

earthquake magnitude scales, the earthquake 

reports in the MS and mb magnitude scales 

were converted to MW using the empirical 

relationships contributed by Pailoplee (2016). 
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Next, to provide data that directly represented 

the tectonic activities, the clustered events, 

such as foreshocks and aftershocks, were 

declustered and removed according to the 

assumptions of Gardner and Knopoff (1974). 

Empirically, inadvertent changes in 

the recorded magnitude shift due to changes 

in the recording and operating process are a 

common problem in earthquake catalogues 

and can introduce artefactual errors in 

seismicity rate investigations (e.g., Wyss, 

1991; Zuniga and Wiemer, 1999). To detect 

this error, the fore-/after-shock removed 

earthquake catalogue was then scanned 

according to the GENAS procedure 

(Habermann, 1983) available in ZMAP 

(Wiemer, 2001). As a result, no serious 

artifact of the magnitude shift phenomena was 

found to exist in the earthquake data with a 

Mw > 2.3 recorded during 1980–2016, and so 

these 2,249 earthquakes were used as the 

main dataset for this analysis. 

3. Retrospective Test of the Z Value

To examine the changes in the 

seismicity rate that were significantly related 

to subsequent hazardous earthquakes, the Z 

value statistic, as expressed mathematically in 

Equation (1) (Wiemer and Wyss, 1994), was 

employed. 

Z =
Rbg−Rw

√
Sbg

Nbg
+
Sw
Nw

, 
(1) 

where N is the number of the closest 

earthquake data from the investigate site (and 

the other terms are defined below). 

Thereafter, the cumulative number of all 

considered earthquakes was performed. In an 

individual time step from the starting to the 

end points of the recorded earthquake data, 

earthquakes generated within the time 

window (Tw) were selected and analyzed for 

the Z value following Equation (1). The 

parameters Rw and Rbg denote the average 

seismicity rate evaluated from the earthquake 

data inside and outside Tw. The parameters Sw 

and Sbg denote the standard deviation of Rw 

and Rbg, whereas Nw and Nbg are the number 

of earthquake events recognized inside and 

outside Tw, respectively. With respect to the 

seismicity rate, + and – of Z values imply the 

stages of seismic quiescence and activation, 

respectively, within Tw compared with the 

seismicity rate outside the Tw. 

According to the methodology for 

analyzing the Z value, it is notable that the 

parameters N and Tw are free to vary 

depending on the individual site and time of 

interest. Therefore, in order to specify the 

appropriate N and Tw values in this Z value 

investigation along the SSFS, seven 

earthquakes with a Mw ≥ 5.0 reported during 

1992–2008 (Figure 1 and Table 1) were 

employed for retrospective testing.  

Table 1. List of earthquakes with Mw ≥ 5.0 generated along the SSFS during 1992–2008 and 

some results of the Z–value investigation according to the free parameter N = 25 

events and Tw = 2 y. The parameter Zmax denotes the maximum Z value evaluated at 

each epicenter of the earthquake case study, while Qs and Q-time are the starting 

time of seismic quiescence and the time span between the mentioned quiescence 

stage and the earthquake case study, respectively. 

No. Longitude 

(oE) 

Latitude 

(oN) 

Date 

(d/m/y) 

Time 

(UTC) 

Depth 

(km) 

Mw Zmax Qs 

(y) 

Q-time

(y)

1. 97.10 20.80 25/03/1992 22:32 33 5.4 1.5 1987.9 4.3 

2. 97.60 20.10 15/04/1992 01:31 33 6.0 1.8 1988.6 3.7 

3. 97.46 20.97 28/10/1992 07:02 33 5.6 2.7 1988.6 4.2 

4. 96.50 20.05 10/07/2001 20:56 10 5.0 6.9 1992.8 8.7 

5. 96.77 21.98 18/01/2002 21:05 33 5.4 3.8 1998.8 3.3 
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6. 97.71 20.91 26/12/2004 01:29 39 5.8 6.7 1992.8 12.2 

7. 96.52 18.90 11/11/2008 02:19 10 5.1 6.5 2001.5 7.3 

In each individual retrospective case 

study (Table 1), the parameter N was varied 

from 50–200 earthquakes with a 25-event 

interval, while Tw was varied from 1–15 y 

with a 0.5-y interval. Therefore, a total of 210 

(7 x 30) paired conditions were analyzed 

iteratively for the seismicity rate change in 

each earthquake case study where both the 

temporal and spatial distributions of the Z 

value were estimated for each earthquake case 

study.  

3.1. Temporal Investigation 

In the temporal investigation, a circle 

was drawn around each epicenter of the 

earthquake case studies, and its radius was 

then increased until it included the N number 

of earthquakes. Thereafter, the cumulative 

number of the considered earthquake data 

versus time was plotted starting at 1980 and 

ending at the occurrence time of each 

earthquake case study. For each Tw moving 

through time at steps of 14 d, the Z value was 

calculated according to Equation (1). After 

the iterative tests for all the conditions 

mentioned above, it was found that using N = 

25 events and Tw = 2 y gave the ability to 

detect the significant maximum Z value prior 

to the occurrence time of all seven earthquake 

case studies in the SSFS (Table 1). Thus, 

these values were defined as the most suitable 

ones, and the cumulative number of 

earthquakes and the variation of Z with time 

obtained when using them are illustrated in 

Figure 2. 

For instance, in Figure 2a, an 

anomalous quiescence with a comparatively 

high maximum Z value (1.5) began at about 

1987.9 and had a duration (Q-duration) of 

about 4.3 y before the Mw-5.4 earthquake 

generated at the northern Mandalay on March 

25th, 1992. In Figures 2b and 2c, a decreased 

seismicity rate (Z = 1.8 and 2.7) was found at 

the same time (1988.6) followed by the Mw-

6.0 and Mw-5.6 earthquakes on April 15th, 

1992 and October 28th, 1992, respectively. 

Another obvious quiescence stage (Z = 6.9) 

started at 1992.8 before the Mw-5.0 

earthquake on July 10th, 2001, which was 8.7 

y after the quiescence was detected (Figure 

2d).  For the earthquake shown in Figure 2e, 

there was a comparatively short time span of 

a decreasing seismicity rate (Z = 3.8) at 

1998.8, some 3.3 y before the Mw-5.4 

earthquake generated on January 18th, 2002. 

In Figures 2f and 2g, the Z curve of the Mw-

5.8 and Mw-5.1 earthquakes illustrated two-

time spans of seismic quiescence with a 

calculated maximum Z around 6.7–6.5. 

However, this work defined the last peak (at 

1992.8 and 2001.5, respectively), as the 

respective starting point of the quiescent stage 

(12.2–7.3 y before the occurrence of the 

hazardous earthquakes), because the 

occurrence time of the last quiescent stage 

developed close to the earthquake case study. 

According to the temporal Z values 

illustrated in Figure 2, it was noticeable that 

there was some prominent seismic quiescence 

associated with the subsequent earthquake in 

that area. However, the time span between the 

quiescence period and the subsequent 

earthquake (Q-duration) varied from 3.3–12.2 

y, and so the calculated Z value when using N 

= 25 events and Tw = 2 y is likely to be useful 

for intermediate-term (months to a decade) 

earthquake forecasting in the SSFS. 

3.2. Spatial Investigation 

To confirm the existing seismic 

quiescence defined in Figure 2, the Z value 

was also evaluated spatially and mapped. To 

achieve this, the area covering the SSFS 

(longitude 95.25–100.67o E and latitude 

12.33–22.96o N) was gridded at an interval of 

0.05o. In each individual grid, the 25 closest 

earthquake data were collected, and the Z 

value was analyzed temporally. Based on the 

quiescence stage, as illustrated by the 

transparent strip in Figure 2, the Z values at 

the defined quiescence stage (Qs in Table 1) 

in all grid nodes were collected, contoured 

and then mapped (Figure 3).  
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Temporal variation of the cumulative number of earthquakes (black line) overlaid

by the Z value (grey line) evaluated at the epicenter of seven strong earthquakes 

(star)The Z value that was defined as the significant stage of quiescence is 
highlighted by a transparent strip. All Z are analyzed from the earthquake data 
(www.isc.ac.uk).
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Figure 3. Map of the SSFS showing the spatial distribution of the Z values analyzed in this study (the 
highlighted time slice of each respective map shown in Figure 2). Red and blue colors (from a to

g) represent high and low Z values, respectively, that imply the quiescence and activation stages in

the seismicity rate, respectively. Black stars indicate the epicenters of major earthquakes

considered in this study.
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For instance, in Figure 3a (Qs = 

1987.9), the spatial distribution of the Z value 

revealed a comparatively high Z value in the 

northern most part of the SSFS. Thereafter, 

around 4.3 y later the epicenter of the Mw-5.4 

main shock posed on March 25th, 1992 was 

located in the southern rim of the mentioned 

anomaly. 

During 1988.6 an anomalous Z value 

(1.8–2.7) was evident in the northwestern part 

of the SSFS at the northern part of Mong Pan 

(Figures 3b and 3c). Around 3.7–4.2 y later in 

1992, the mainshocks of 6.0 Mw and 5.6 Mw 

were generated in the southern rim of this 

mentioned anomaly. 

In addition, in 1992.8, a prominent 

anomalous high Z value (3.8–6.5) was evident 

over the northern segment of the SSFS where 

the Mw-5.0 (Figure 3d) and Mw-5.8 (Figure 

3f) earthquakes were posed within this 

anomaly in 2001 and 2004, respectively. 

Meanwhile, in 1998.8 (Figure 3e), Z 

anomalies of up to 6.7 were detected in a NW-

SE direction along the central part of the 

SSFS, including a small pocket of anomalies 

located on the western part of Mong Pan. 

Although, the Mw-5.8 earthquake posed on 

December 26th, 2004 was out of the maximum 

Z, the location of the earthquake was still in 

the vicinity of the quiescent stage (i.e., 

positive Z value of 3.8; Figure 3g). Finally, 

the scoped anomaly of Z = 6.5 was evident in 

the southern part of Naypyidaw and was 

followed by the Mw-5.1 earthquake around 

7.3 y later on November 11th, 2008 (Figure 

3e). 

Based on the good relationship 

between the comparatively high Z values 

(seismic quiescence) and the subsequent 

earthquake location, the use of N = 25 events 

and Tw = 2 y allowed the obtained high Z 

values to reliably indicate the precursory 

seismic quiescence of the forthcoming 

earthquakes along the SSFS. 

4. PRESENT-DAY INVESTIGATION

Using the effective free parameters of 

N = 25 events and Tw = 2 y derived in the 

previous section, the Z value was then 

investigated according to the present-day 

seismicity recorded during 2005–2015 with a 

stepping interval of 14 d. The results revealed 

that the maximum Z anomalies (Z = 7.3) were 

defined (i) in 2006.43–2007.12 and 2012.64–

2013.07 at northwestern Naypyidaw (96.50o

E, 20.39o N) and (ii) in 2012.49 at 97.75o E, 

21.89o N in the northeastern part of the SSFS 

(Figures 3h and 3i). 

Compared with the FMD b-value map 

proposed previously by Pailoplee (2016), the 

high Z value anomalies at the northeastern 

Naypyidaw conform to the comparatively low 

FMD b-value. Meanwhile the anomalies in 

the northeastern part were shifted northwards 

from the anomalies previously highlighted by 

the FMD b-value analysis (Pailoplee, 2016). 

Therefore, the SSFS has a high possibility of 

initiating strong-to-major earthquakes soon in 

the vicinity of (i) northwestern Naypyidaw 

and the (ii) northeastern part of the SSFS. 

Regarding the earthquake activities, 

Pailoplee (2014) analyzed the FMD 

coefficient (a- and b-values) and revealed that 

in the prospective area of northwestern 

Naypyidaw, the possible maximum 

earthquake magnitude that might be posed 

during the next 10–50 y is 4.8–6.2 Mw, while 

for the northeastern part of the SSFS it was 

around 5.0–6.0 Mw. The recurrence intervals 

of earthquakes with a magnitude of 5.0, 6.0 

and 7.0 Mw were around 4, 45 and 75 y and 8, 

45 and 370 y for the northwestern Naypyidaw 

and northeastern part of the SSFS, 

respectively. 

5. DISCUSSION AND CONCLUSION

To obtain an effective earthquake 

precursor, significant changes in the 

seismicity rate were investigated in terms of 

the Z value along the SSFS. After 

enhancement of the available earthquake 

catalogue, the 2,249 earthquakes with a Mw ≥ 

2.3 recorded during 1980–2016 were 

collected as the completeness portion of the 

seismicity data and were used in this 

seismicity investigation. In order to determine 

the appropriate free parameters N and Tw 

along the SSFS, seven available moderate 
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earthquakes (Mw > 5.0) reported since 1990 

were tested iteratively with a variety of paired 

N and Tw values, where the use of N = 25 and 

Tw = 2 y clearly defined a significant high Z 

value (quiescence) before all of the seven 

subsequent earthquake case studies. For 

instance, temporal variations revealed a 

significant maximum high Z value (2.7 in 

1988.6) that coincided with the occurrence of 

the Mw-5.6 earthquake in 1992, 4.2 y after the 

quiescent period (Figure 2c). In addition, in 

1992.8, a prominent anomalous high Z value 

(3.8–6.5) was evident over the northern 

segment of the SSFS where the Mw-5.0 

(Figure 3d) and Mw-5.8 (Figure 3f) 

earthquakes were subsequently posed in 2001 

and 2004, respectively. This successful 

correlation of the precursory high Z value and 

the subsequent earthquake in the same area 

implied that the Z-value parameters of N = 25 

and Tw = 2 y could be used to detect the 

current day precursory seismic quiescence 

along the SSFS. 

For investigation of the present-day 

2005–2015 seismicity data, the maximum Z 

value (7.3) was detected (i) in 2006.43–

2007.12 and 2012.64–2013.07 at 

northwestern Naypyidaw (96.50o E, 20.39o N) 

and (ii) in 2012.49 at 97.75o E, 21.89o N at the 

northeastern part of the SSFS (Figures 3g–i). 

This agrees well with those areas proposed 

previously by the FMD b-value analysis 

(Pailoplee, 2016). Therefore, effective 

mitigation plans should be urgently 

contributed, in particular for Naypyidaw, the 

new capital city of Myanmar. 
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