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Abstract 

Coulomb stress change analysis has been applied to understand whether the 2013/07/02 (Mw=6.1) 

has been triggered by 2013/01/21 earthquake (Mw=6.1) the proximity to failure on the Aceh segment 

of Sumatra Fault Zone (SFZ). We examine the problem of how one earthquake might trigger another 

using Coulomb stress changes plotting. To plot the Coulomb stress changes, we used Global CMT 

data for the both earthquakes and used GEOFON data for manually revised epicenters of its 

aftershocks. The earthquakes are located on Aceh segment of the historic no recorded large 

earthquake. Coulomb stress changes modeling of the both earthquakes and plot their aftershocks. 

Surprisingly, the 2013/07/02 earthquake is located on increasing Coulomb stress changes region of 

2013/01/21 earthquake plotting. Here explain that the 2013/07/02 earthquake has been triggered by 

the 2013/01/21 earthquake. Further, the two aftershocks of the 2013/07/02 earthquake is located on 

increasing Coulomb stress changes region of 2013/07/02 earthquake plotting. So that, the aftershocks 

has been triggered by increasing Coulomb stress changes of the 2013/07/02 earthquake. 
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I. INTRODUCTION 

 Significant progress of method that 

could be used in forecasting the locations 

of aftershocks and subsequent mainshocks 

by considering the theoretical stress 

changes induced by past earthquakes has 

been made by [1] in recent years. The 

method, known as Coulomb stress changes, 

assumes that an earthquake may be 

modelled as a slip dislocation within a 

uniform elastic half-space. By using 

analytic solutions for the displacement and 

stress in the surrounding medium and 

assuming that subsequent earthquakes 

result from frictional instability along 

faults.  

 Fault interactions and triggering 

caused by earthquake rupture have been 

studied in great detail in the past one 

decade [2] [3] [4]. These studies can 

broadly be classified into two categories 

[5]. The first category relates to the 

correlation between the larger events and 

the subsequent smaller events and 

examining the short time periods, while the 

second category relates to the fault 

interaction between larger events on larger 

timescales. Focus on these studies are the 

effect of earthquakes on seismic hazard and 

how their occurrence influences nearby 

events. Results of both categories have 

significant implications on the seismic 

hazard assessment in any region [6]. 

 Increasing Coulomb stress places on 

the regions most likely to experience 

aftershocks in the days following a 

mainshock. The Coulomb stress changes 

analysis predicts an increased probability of 

aftershocks, occurring some distance from 

the mainshock hypocenter [7]. Coulomb 

stress changes analysis offers the 

possibility to calculate the time-evolution 

of stress within a fault system and to 

forecast the regions with heightened 

probability of mainshocks in the future. For 

example, a demonstration of this potential 

is the successful forecast of the 1999 Izmit, 

Turkey earthquake (Parsons et al. 2000) [8] 

and the analysis of Coulomb stress changes 

for Mw > 7 earthquakes along the North 

Anatolian Fault during the 20th Century. 

Coulomb stress changes triggering of 

mainshocks is expected to give rise to time 

dependent recurrence statistics. The 

probability of occurrence of mainshocks of 

a given magnitude will depend upon the 

recent seismic history in the surrounding 

region [7]. 

 
Figure 1. Modified map of the 

geometrically defined segments of 

the SFZ, based on [9]  and [10] also 

showing the Aceh segment of interest in 

this research (red cilcle region). 

 

 The approaches to predict 

recurrence statistics, based upon the 

Gutenberg- Richter relation do not take 

account for this time-dependency of 

earthquake occurrence. There has been 

some debate as to whether stress 

interactions need be considered when 

estimating the seismic risk of the Sumatra 
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island. This study constitutes a first step 

towards addressing this issue. This study 

analysed the recent strong earthquakes of 

this years that occurred in the Aceh 

segment of Sumatran Fault Zone (Figure 

1), namely the 2013/01/21 (Mw =6.1) 

earthquake, 2013/07/02 (Mw =6.1) 

earthquakes and its two aftershocks. The 

valid source parameters of the both strong 

earthquakes can be known from Global 

CMT (www.globalcmt.org) . In view of the 

worldwide studies suggesting good 

correlation between the zone of aftershocks 

and increased static stress changes, we test 

this hypothesis and investigate whether it 

can broadly constrain some of the source 

parameters of these earthquakes. We 

assume that the aftershocks of these 

earthquakes occurred due to a change in 

regional stress, which is caused by the 

coseismic static stress change due to the 

main earthquake. Thus spatial variation in 

the aftershocks helped in constraining some 

of the source parameters of the 

earthquakes. 

 

II. METHODOLOGY 

 The method for analyzing the 

Coulomb stress changes due to an 

earthquake is well described by [1]. The 

appropriate starting point is to model the 

earthquake as a slip dislocation on a 

rectangular fault plane or planes 

representing the earthquake source zone. 

One may then compute the change in both 

shear and normal stress caused by the 

earthquake, using the [11] analytic Green's 

Function for stress changes due to 

rectangular dislocations in an uniform, 

elastic half-space. If one further assumes an 

orientation for faults in the region 

surrounding the earthquake, one may 

compute the net change in Coulomb stress 

along these surrounding faults. Coulomb 

stress changes (ΔS) is defined as the 

difference between the static shear stress 

changes (Δτ) and the effective normal 

stress changes(Δσ) multiplied by an 

effective coefficient of friction (µ), namely: 

 

ΔS = Δτ- µ'Δσ  [12] 

 

 The static shear stress changes 

(assumed positive in the direction of fault 

slip) and effective normal stress changes 

(positive if compressive) on the fault plane 

caused by the main shock respectively, 

while µ' is defined as µ' = µ (1–B), where B 

is the Skempton’s coefficient whose value 

lies between 0 and 1. The stress changes in 

an elastic half-space due to slip on a 

rectangular fault are computed using 

Coulomb 3.3. For all the earthquakes 

discussed here a shear modulus of 3.2x105 

bar and a Poisson ratio [1] of 0.25 are 

assumed. We assume here that the effective 

coefficient of friction of all faults is 

approximately 0.4. Coulomb stress 

calculations are relatively insensitive to the 

choice of effective friction coefficient so 

this value is considered reasonable [1]. 

Failure is encouraged if ΔS is positive, and 

discouraged if it is negative. Thus it is 

considered that the aftershocks generally 

occur in the zone of increased ΔS. 

 An increase in Coulomb stress 

changes on a fault may thus be interpreted 

as a loading of the fault towards brittle 

failure (i.e. earthquake rupture). 

Conversely, a decrease in Coulomb stress 

changes is interpreted as an unloading of a 

fault, thus inhibiting earthquake rupture. 

Although earthquakes indisputably result in 

an overall decrease in the net stress 

accumulated in a region, the patterns of 

stress change are such that certain regions 

surrounding a given earthquake experience 

an increase in stress. Most notably there is 

a marked Coulomb stress changes increase 

in the zone surrounding the rupture plane 

(the zone most likely to experience 

aftershocks) and two or more off-fault 

lobes where delayed triggering of 

subsequent mainshocks may occur [7] 

 

2013/01/21 and 2013/07/02 Aceh 

Earthquakes  

 Earthquake with Mw > 7 has no 

record on the Aceh segment. The Aceh 

earthquakes of 21 January 2013 (Mw=6.1) 
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and 2 July 2013 (Mw=6.1) were the recent 

strong earthquakes that occurred on Aceh 

segment. Figure 2 shows centroid epicenter 

for the both earthquakes. Table 1 shows 

others source parameters of the 

earthquakes.  The source parameters were 

used to compute Coulomb stress changes. 

 
Figure 2. Epicenter of 2013/01/21 and 

2013/07/02 events (red stars) from 

www.globalcmt.org and approximately of 

Aceh segment of SFZ (red line). 

 

Table 1. CMT parameters of the 21 January and 2 July 2013 Aceh earthquake 

Event Lat Long Depth St1; St2 Dp1; Dp2 Sl1; Sl2 Mw 

Number of 

aftershocks 

Mw>5, 

depth < 20 

km 

2013/01/21 4.95 96.02 17.1 37; 132 73; 76 -14; -162 6.1 0 

2013/07/02 4.71 96.67 12.0 34; 127 77; 78 -12; -166 6.1 2 

(http://www.globalcmt.org/). St1 : strike 1, Dp1 : dip 1. Sli : slip 1 

 

Table 2. Epicenters aftershocks of the 2 July 2013 Aceh earthquake 

Event Lat Long Depth Mw 

2013/07/02  15:36:45 4.59 96.73 10.0 5.2 

2013/07/02  13:55:40 4.61 96.75 10.0 5.5 

(http://geofon.gfz-potsdam.de/eqinfo/) 

 

III. RESULTS 

 We commence by assessing the 

Coulomb stress changes due to past Mw > 

6 earthquakes in Aceh, Sumatra, Indonesia. 

We computed the Coulomb stress changes 

along the Aceh segment of SFZ at a 

centroid depth of 17.1 km for 2013/01/21 

event and 12.0 km for 2013/07/02 event. 

The results are shown in Figure 3, 

increasing Coulomb stress changes of 

2013/01/21 earthquake overlain with the 

epicenter of 2013/01/21 earthquake.  
 

Longitude (degree) 
 

Figure 3. Coulomb stress changes for 

2013/01/21 earthquake at centroid depth 

17.10 km. Epicenter of 2013/07/02 

eathquake (red circle) lie on increasing 

Coulomb stress changes. 

 

http://geofon.gfz-potsdam.de/eqinfo/
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Longitude (degree) 

 

Figure 4. Coulomb stress changes for 

2013/07/02 earthquake at centroid depth 

12.00 km. Epicenter of the two aftershocks 

(red circle) lie on largest Coulomb stress 

changes. 

 

 Figure 4, increasing Coulomb stress 

changes of 2013/07/02 earthquake overlain 

with the epicenters of the two ahtershocks 

in the Aceh segment seismic catalogue. 

Epicenters of the two epicenters revised 

manually by GEOFON catalogue (Table 2). 

It is evident that these two strong 

earthquakes are sufficiently close to form a 

“stress bridge” across the Aceh segment. 

 The three recorded earthquakes lie 

within or near regions of increasing 

Coulomb stress changes. A much closer 

inspection of the local geology and focal 

mechanisms (where available) is required 

to accurately model the stress changes due 

to past earthquakes. The results in Figure 3 

and Figure 4 simply demonstrate that stress 

changes of up to 0.01 bar are expected at 

sufficiently large distance from the rupture 

planes of past earthquakes that the timing 

of nearby earthquakes may be altered by 

static stress interactions. 

 

IV. CONCLUSIONS 

The increasing Coulomb stress changes 

will promote the occurrence of shallow 

focus aftershocks outside of the Aceh 

segment. Since shallow aftershocks are 

expected to have a higher damage potential, 

this is a valuable constraint for post-

mainshock mitigation efforts. While the 

Coulomb stress increase for a Mw = 6.1 

earthquake may result in between 0.01 and 

0.1 bar Coulomb stress increases. 

Increasing of this magnitude is comparable 

with that shown to result in Coulomb stress 

changes triggering in other seismogenic 

regions and hence must be considered in 

seismic hazard assessment, particularly the 

estimation of recurrence times or 

probabilities. Although preliminary in 

nature, these results highlight the need to 

consider Coulomb stress changes 

interactions when estimating the seismic 

hazard in Aceh region. Past earthquakes 

have occurred within sufficient proximity 

of mainshocks for Coulomb stress changes 

interactions to affect their timing.. 
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