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ABSTRACT

A large number of earthquakes have been recorded by instrument in the past along the Thailand-Laos-Myanmar border 
region. However, the locations of most of these earthquakes do not coincide with the location of morphological features which 
indicate seismogenic faults. Thus, a statistical evaluation of the earthquake record is focused upon in this earthquake hazard 
study. The spatial distributions of the a- and b-values from the frequency-magnitude distribution relationship were investi-
gated from the complete earthquake catalogue.

Analyses of the possible maximum magnitude earthquakes derived from the a- and b-values indicate that the northern 
part of Mong Pan and the Pak Beng-Luang Prabang areas are capable of generating an earthquake annually with a mb of 4.0 
- 5.0 and that an earthquake of mb 7.0 is possible within 50 years. In addition, with respect to earthquakes with mb within 4.0 - 
7.0, the calculated short return periods of earthquakes are located in the northern area of Mong Pan (i.e., 1 - 500 years), while 
the eastern part of Chiang Mai reveals a very long return period up to 5000 years.

With respect to earthquake predictions, the three tested sub-datasets showed a good correlation between a low b-value 
area and the occurrence of a subsequent large earthquake in that region. Thus, based on this effective condition and present-
day data, it is possible that a forthcoming earthquake may occur at the northern part of Mong Pan and the Pak Beng-Luang 
Prabang dams.
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1. INTRODUCTION 

The Indian-Eurasian plate collision still causes high 
levels of seismic activity, not only along the Sumatra-An-
daman Subduction Zone, but also as widespread intraplate 
activity where the inland seismogenic faults are dominant 
(Pailoplee et al. 2009; Fig. 1a). As a result, a large num-
ber of hazardous earthquakes are generated continuously, 
including the latest event of a MW 7.0 earthquake on March 
24th, 2011 (Fig. 1b).

However, due to the complexity in the seismotectonic 
setting and the blind faults along the intermountain basin 
of the northern Thailand (Udchachon et al. 2005), the loca-
tions of the recorded earthquakes do not normally conform 

to the defined fault lines. This is especially the case at this 
study area at the Thailand-Laos-Myanmar borders which 
encompasses major cities and hydropower dams along the 
Mekong River (Mekong River Commission 2010; Fig. 1b). 
Additionally, the steep and forested mountains in this re-
mote borderland are difficult to access for in situ investiga-
tion site specific locations of the earthquake sources. 

Hence, the alternative approach of using a statistical in-
vestigation of recorded earthquakes at a regional scale was 
emphasized in this study in order to clarify the earthquake 
activities. The main aims were (i) to estimate the earthquake 
activities, e.g., possible maximum magnitudes and recur-
rence intervals of earthquakes, and (ii) locate prospective 
sources of forthcoming earthquakes along the Thailand-
Laos-Myanmar border.
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2. DATA AND COMPLETENESS

The earthquake catalogues compiled by the Incorporat-
ed Research Institutions for Seismology (IRIS), the US Na-
tional Earthquake Information Center (NEIC), and the Thai 
Meteorological Department (TMD) were used as the source 
information for this study. In order to homogenize the mag-
nitude scales, all the other different minor reporting scales 
(MW, MS and ML) were converted to mb (the major report-
ing scale) following the empirical relationships proposed by 
Pailoplee et al. (2009). Earthquake declustering (Gardner 
and Knopoff 1974) was then applied in order to select the 
main shocks which represent the seismotectonic activities 
directly. The GENAS algorithm according to Habermann 
(1983, 1987) illustrates the constant rate of the earthquakes 
with a mb ≥ 2.8. Accordingly, earthquake records with a mb 
of < 2.8 were excluded in order to avoid the shift (e.g., Wyss 
1991) and stretch (e.g., Zúñiga and Wiemer 1999) of mag-
nitude reporting.

Based on the cumulative numbers of earthquakes 
against time, as illustrated in Fig. 2a, the earthquake data 
recorded during 1984 - 2010 were recognized as the most 
effective. The higher detection rate after 1984 is assumed 

to be the result of improvement in the network (Zúñiga and 
Wiemer 1999). Therefore, the composite earthquake cata-
logue of main shocks with a mb ≥ 2.8 during 1984 - 2010 
was defined as the complete earthquake catalogue and was 
used for this qualitative investigation of the earthquake ac-
tivities. This was comprised of 920 such main shocks.

3. EARTHQUAKE ACTIVITIES

Based mainly on the frequency-magnitude earthquake 
distribution (FMD) (Ishimoto and Iida 1939; Gutenberg and 
Richter 1944), the empirical relationship between the aver-
age number of earthquakes per year (N) with a magnitude 
equal to or larger than M is expressed in Eq. (1);

log ln lnN a bM N Mor a b= - = -^ ^h h     (1)

Within Eq. (1), a and b are positive, real constants. The 
a-value implies the entire seismicity rate or the annual num-
ber of earthquakes above the Richter magnitude 0 or where-
as b-value represents the ratio of the occurrence of small to 
large earthquakes. Meanwhile, the parameters α and β are 

Fig. 1. (a) Map of Mainland Southeast Asia showing the Sumatra-Andaman Subduction Zone (thick grey line) and seismogenic faults, as compiled 
by Pailoplee et al. (2009) (thin black lines). The study area focuses in the Thailand-Laos-Myanmar border bounded by the square. (b) The study 
area showing earthquake records after improving the completeness qualitatively (small black circles) and four hazardous earthquakes (black stars). 
Triangles show the seven proposed dams along the Mekong River mainstream in this region; black squares are the major cities. The grey polygons 
are the boundary of the intermountain basins as mentioned in the text.
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related to a and b by Eqs. (2a) and (2b), respectively;

exp lna 10a = ^ h6 @  (2a)

and

lnb 10b = ^ h  (2b)

For earthquake activity investigations, initially we ex-
amined the FMD of the entire selected earthquake data (i.e., 
mb ≥ 2.8 recorded during 1984 - 2010), and estimated the 
magnitude of completeness (Mc) which represents the mag-
nitude level of the complete report. Figure 2b illustrates the 
FMD plot from which a- and b-values are estimated 5.1 and 
1.0, respectively. Using the entire-magnitude-range method 
(Woessner and Wiemer 2005), the estimated Mc is approxi-
mately 4.4 mb.

To assess the earthquake activities spatially, the study 
area was gridded with a 0.1° × 0.1° spacing. After itera-
tive tests, all the earthquake events from the selected cata-
logue (the 920 main shock events detailed above) within a 
fixed 100-km radius from each individual grid node were 
selected. The a- and b-values including the other statistical-
ly significant values were then calculated using the ZMAP 
program (Wiemer 2001) and spatially mapped (Fig. 3). The 
FMD plots for some specific areas are prepared as shown 
in Fig. 4. However, for the areas of Pak Lay, Pak Chom, 

and Sanakham Dams, we could not make the FMD due to 
statistic insufficiency of the earthquake data. For instance in 
Fig. 4, the a-values are estimated 4.9 and 2.0 at the Mong 
Pan and Pak Beng Dam, respectively. These imply that the 
entire seismicity rate of the Mon Pan area is higher than the 
rate around the Pak Beng Dam. In addition, the various Mc 
(i.e., 2.8 - 4.2) obtained from the FMD plots indicates the 
difference of the detection capability of the existing seismic 
recording networks.

Based on Figs. 3a and b, the spatial variations of the a- 
and b-values were almost coincident and showed two obvi-
ous regions of low a- and b-values at the (i) the eastern and 
southern parts of Mong Pan in Myanmar and the (ii) Pak 
Beng and Luang Prabang dams in Laos. Viewed seismo-
tectonically, comparatively low a- and b-values represent a 
low entire earthquake activity and a low ratio of small-size 
earthquakes to large-size earthquakes, respectively. The 
standard deviation and the goodness of fit of the FMD (Figs. 
3c and d) reveal that the obtained a- and b-values are likely 
to be reliable with low variations. 

3.1 Possible Maximum Magnitude

Based on Yadav et al. (2011), various values repre-
senting the earthquake activities can be calculated using the 
α and β values from the FMD. For instance, the possible 
maximum magnitude in t year of interest ut can be estimated 
as shown in Eq. (3);

Fig. 2. (a) Cumulative number of earthquakes with a mb ≥ 2.8 (grey line) showing the different rates of seismicity reported during the years 1964 
- 2012. The black circles are earthquakes with a mb of ≥ 5.0. (b) FMD plot of the seismicity data recorded mb ≥ 2.8 during 1984 - 2010. Triangles 
indicate the number of earthquakes of each magnitude; squares represent the cumulative number of earthquakes equal to or larger than each magni-
tude. Solid lines are the lines of best fit according to Woessner and Wiemer (2005). Mc is defined as the magnitude of completeness.
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ln
u

t
t b

a
= ^ h     (3)

For example, lnu1 a b= ^ h6 @ is the maximum earth-
quake which is capable of occurring annually, meanwhile 
u5 reflects the possible maximum magnitude which might 
occur on an average of in every 5 years, respectively.

 Thus, the obtained a- and b-values of a individual node 
(Fig. 3) are converted systematically to their corresponding 

α- and β-values according to the relationships mentioned 
in Eqs. (2a) and (2b). The possible maximum magnitude 
in 1, 5, 10 and 50 years was then calculated and mapped  
(Fig. 5).

The results indicate that the northeastern part of Mong 
Pan and the area of Pak Beng and Luang Prabang dams are 
capable of generating an earthquake with a larger magni-
tude than that of the other regions, with a potential annual 
magnitude of around mb 4.0 - 5.0 and an earthquake with a 
magnitude up to mb 7.0 within 50 years (Fig. 5). 

Fig. 3. Spatial distributions of the (a) a-value, (b) b-value, (c) standard deviation of each obtained b-value, and (d) the goodness fit of the FMD. The 
circles illustrate the 100-km radius from 4 specific areas, i.e., a - d, where the FMD plots are demonstrated in Fig. 4.
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3.2 Return Period of Earthquake

The earthquake return period in the unit of year of indi-
vidual magnitude M (TM), which an inverse value of cumu-
lative number of earthquakes that equal to and larger than 
(M), was evaluated as in Eq. (4) (Yadav et al. 2011) based 
on the seismicity parameters α and β in this study.

expT M
M a

b= ^ h     (4)

Fig. 4. The FMD plot of the seismicity data located within the 100-km radius from 4 demonstrated areas as mentioned in Fig. 3.

The results reveal that the northern part of the study 
area, covering Mong Pan, Pak Beng, and Luang Prabang 
dams, has a potential to generate an earthquake within a 
short period. For instance, the return periods of the earth-
quake with mb of 4, 5, 6 and 7 were 1, 5, 50 and 500 years, 
respectively (Fig. 6). In contrast, for the eastern part of 
Chiang Mai, the average time intervals of the earthquake 
occurrences were around 5 - 5000 years for an earthquake 
magnitude of 4 - 7 mb (Fig. 6).
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4. PROSPECTIVE EARTHQUAKE SOURCE

With regard to earthquake prediction, Scholz (1968) 
and Wyss (1973) proposed that the inverse correlation be-
tween the amount of stress accumulated in the hypocentral 
area and the b-value was effective for earthquake forecast-
ing. Many studies have since shown a good correlation 
between a low b-value area and the subsequent existence 
of an earthquake (e.g., Schorlemmer et al. 2003; Nuannin 
et al. 2005; Chan et al. 2012). However, in order to locate 
future earthquakes, unlike the method described in section 

3 above, the characteristics of the b-values were evaluated 
differently.

Here, to locate future earthquakes, the b-values derived 
from Eq. (1) were analyzed according to the assumption 
proposed by Nuannin et al. (2005). In each individual 0.1° × 
0.1° grid node, the 50 earthquake events closest to the grid 
node were selected to evaluate the local b-value.

In order to test the applied assumption, three sub-data-
sets each of a different recording time span (1984 - 1995, 
1984 - 2000 and 1984 - 2005) were used to separately in-
vestigate the spatial distribution of b-values and subsequent 

Fig. 5. Maximum earthquake magnitude likely to be generated in the individual time span of the next (a) 1, (b) 5, (c) 10, and (d) 50 years. 
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earthquake events. The good consistency found between the 
areas showing a low b-value and the occurrence of a subse-
quent earthquake with a mb ≥ 5.0 in individual area support 
that the assumption of Nuannin et al. (2005) was valid in 
locating prospective future earthquake sources from these 
derived b-values (Figs. 7a - c). Hence, the present-day data-
set of 1984 - 2010 was analyzed to locate the current local 
b-values and these were then spatially mapped (Fig. 7d).

Based on the present-day b-value distribution, com-
paratively low b-value areas were found to be located in (i) 
the northern part of Mong Pan, eastern Myanmar and (ii) the 

Fig. 6. The return periods of earthquakes for those at a mb level of (a) 4, (b) 5, (c) 6, and (d) 7.

Pak Beng and Luang Prabang dams in Laos (b = ~0.5 - 0.6). 
The latest mb 7.0 earthquake, which occurred in March 24, 
2011, was also located within a low b-value area (Fig. 7d). 
Thus, for the likely location of future earthquakes both of 
these two low b-value regions are strong candidates, and 
especially the area of Pak Beng-Luang Prabang where some 
of the Mekong River mega-schemes of dams are proposed.

5. DISCUSSION AND CONCLUSION

In this study, present-day earthquake activities were 
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investigated statistically along the intraplate of the Thai-
land-Laos-Myanmar border. After qualitatively improving 
the earthquake catalogue, the spatial variation of a- and b-
values according to the FMD were analyzed and mapped. 
Then, the earthquake parameters representing the potential 
earthquake hazard situation were evaluated in the study area 
based mainly on the obtained a- and b-values.

For the most probable largest earthquake magnitude 
in a given time period, the results indicate that the north-
ern part of Mong Pan and the area of Pak Beng and Luang 

Prabang dams are capable of generating an earthquake an-
nually with a mb of 4.0 - 5.0, whilst in a 50-year period a 
mb 7.0 earthquake can likely be generated. In addition, the 
expected occurrence time intervals of earthquakes with a mb 
of 4, 5, 6 and 7 were 1, 5, 50 and 500 years, respectively.

For prediction of future earthquakes, the spatial dis-
tribution of the b-values was investigated according to the 
assumption proposed by Nuannin et al. (2005). The com-
paratively low b-value areas calculated from the three sub-
datasets support the spatial relationship between a low b-

Fig. 7. Spatial b-value distributions, as derived using the seismicity data recorded during (a) 1984 - 1995, (b) 1984 - 2000, (c) 1984 - 2005, and (d) 
1984 - 2010. Red stars indicate earthquakes with a mb ≥ 5.0 that were generated after the seismicity data used.
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value and the occurrence of a subsequent earthquake in that 
area. Accordingly, the results obtained from the present-day 
dataset should then be reasonably reliable, and suggested 
prospective future earthquake sources at (i) the northern 
part of Mong Pan, Myanmar, and (ii) the Pak Beng and Lu-
ang Prabang dams, northern Laos. 

Although this study is an important step in arousing 
public awareness about earthquake activities in this remote 
area, some errors from the non-linear relationship of earth-
quake characteristics (Youngs and Coppersmith 1985) are 
also possible. Moreover, according to Wells and Copper-
smith (1994), the possible maximum magnitude depends 
directly on the fault size, such as the rupture length, area, 
or displacement. Thus, the results obtained from a linear 
extrapolation may overestimate the limit of the possible 
subsequent earthquake magnitude. Therefore, the results 
presented in this study should be interpreted carefully, or 
confirmed by alternative means, for the design of critical 
earthquake resistant infrastructures. To this end, to further 
refine the accuracy, more paleoseismological studies are in-
dispensable.
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