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Abstract 11 

This study comprehensively investigates the source mechanisms associated with the 12 

mainshock and aftershocks of the Yogyakarta earthquake of magnitude Mw = 6.3 on May 13 

27, 2006. Therefore, this study is to provide a more precise answer to the controversial 14 

source mechanism. This study uses moment tensor inversion to obtain fault plane 15 

parameters and joint inversion to obtain spatial and temporal slip distributions during an 16 

earthquake. The coseismic slip distribution is overlaid with the relocated aftershock 17 

distribution to see the stress field variations around the tectonic area of the study. Moment 18 

tensor inversion uses near-field data, and joint inversion uses near-field and teleseismic 19 

body wave data. The data is filtered by trial and error using a bandpass filter with 20 

frequency pairs and velocity models from several previous studies. The green's function 21 

for moment tensor inversion calculated using the extended reflectivity method and joint 22 

inversion computed using the Kikuchi and Kanamori methods. In this study, we apply the 23 

Akaike Bayesian Information Criterion (ABIC) method to obtain more stable inversion 24 

results. The results of the mainshock and aftershock moment tensor inversion show 25 

different fault types. The mainshock fault types are strike-slip and dip-normal types, while 26 

the 8th aftershock is of the same type as the mainshock, while the 9th and 16th June are 27 

strike slips. The joint inversion results show two asperities. The maximum slip is 0.78 m, 28 

with the first asperity 10 km south of the mainshock and the second asperity 10 km north 29 



of the mainshock. The obtained source parameters are total seismic moment M0 = 30 

0.4311E + 19 (Nm) or Mw = 6.4, with a source depth of 12 km and a source duration of 31 

28 seconds. Slip distribution overlay with aftershock distribution shows compatibility. The 32 

type of focus mechanism that results from this joint inversion is the oblique. 33 

 34 
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 37 

1. Introduction 38 

 39 

In the early hours of May 27, 2006, at approximately 05.54 local times, an earthquake 40 

struck the city of Yogyakarta. Based on the Agency for Meteorology, Climatology, and 41 

Geophysics of Indonesia (BMKG) stated that the earthquake had a magnitude of Mw=6.3, 42 

centred at 8.003E and 110.320 S, with a depth of 11.87 km at the southeast of the city of 43 

Yogyakarta as shown in Figure 1.  It was declared the deadliest shallow earthquake in 44 

Indonesia (BMKG, 2006). This earthquake destroyed most of the infrastructure in the 45 

region of Yogyakarta and Klaten, Central Java Province. The reports by the National 46 

Development Planning Agency (BAPPENAS) in cooperation with the Yogyakarta Special 47 

Region Government (DIY), Central Java Provincial Government, and international 48 

partners in 2006 stated that the Yogyakarta earthquake killed more than 5000 people, 49 

with 38.000 injured, 423.000 evacuated, and 156.000 buildings destroyed (Bappenas, 50 

2006). 51 

Earthquake source mechanism used to obtain valuable information on the source 52 

parameters such as magnitude, fault orientation, stress drop, and source process. This 53 

instrument varies from several agencies such as Indonesia Meteorology, Climatology and 54 

Geophysics (BMKG, 2006), United States Geological Survey (USGS, 2006), National 55 

Earthquake Information Center (NEIC, 2006), Kandilli Observatory and Earthquake 56 



Research Institute (KOERI, 2006), European Mediterranean Seismological Center 57 

(EMSC, 2006), and Institute de Physique du Globe de Paris (IPGP, 2006). 58 

Debates on the source of the Yogyakarta earthquake is still in progress. Most researchers 59 

believe that the earthquake did not originate from the geological fault along theOpak's 60 

river, because the aftershock was distributed 10 – 15 km on the east side (Walter et al., 61 

2007; and Wulandari et al., 2018). Some researchers also believe that the earthquake 62 

has reactivated some minor faults on the east side of the Opak fault (Budiman et al.,2019; 63 

and Irham et., 2014). Saputra et al. (2018), stated that the Opak river consists of 56 faults 64 

with a maximum displacement of 2.93 m. Meanwhile, the results obtained by Nakano et 65 

al. (2006) also had a different focal mechanism, as shown in the figure. According to 66 

studies, several factors influence this difference, such as the lack of seismometer 67 

networks of BMKG, which existed before 2006. It led to a difference in the level of location 68 

accuracy, source depth, and fault orientation (Ma and Eaton, 2011; and Saunders et al., 69 

2016). 70 

 71 

The parameters of the earthquake sources from various institutions shown in Table 1. 72 

The majority concluded that the epicentre is on the east side of the Opak fault, which also 73 

indicates consistency by the aftershock distribution (Walter et al., 2008). 74 

Table 1: Parameters of Yogyakarta earthquake from various agencies  (Elnashai et al., 75 

2006) 76 

Agencies 
Event 
Time 
(WIB) 

Depth 
(km) 

Magnitude Epicenter 

Mb Ms Mw 
Latitude 

(S) 
Longitude 

(E) 

BMKG 5:54:01 11.87 5,9   -8.03 110.32 

USGS 5:53:38 12.5   6.3 -7.96 110.44 

Global 
CMT 

5:54:05 21.7 6.0 6.3 6.4 -8.03 110.54 

NEIC 5:54:01 28   6.5 -8.00 110.28 



IPGP 5:53:52 15   6.6 -8.00 11.3 

KOERI 5:53:52 20   6.2 -8.00 110.8 

EMSC 5:53:58 10   6.4 -8.04 110.39 

 77 

Kawazoe and Koketsu (2010) determined the focal mechanism of the Yogyakarta 78 

earthquake using the waveform inversion method. They compared the inversion with the 79 

observed data using the CRUST 2.0 velocity model (Bassin et al., 2000) as well as the 80 

left-lateral strike-slip and reverses dip-slip. Nakano et al. (2006) examined the focal 81 

mechanism dominated by strike-slip. Similar results obtained by Abidin et al., 2009 82 

through the Global Positioning System (GPS) data. The result showed that the horizontal 83 

coseismic displacement took place around Bantul and Yogyakarta in the south and 84 

southwest direction, with the focal mechanism in the form of left-lateral strike. Tsuji et al. 85 

(2009) stated that coseismic displacement and strike-slip along the fault plane also 86 

reverses on the east side, which experiences upward displacement. Several studies show 87 

that there are different opinions regarding the source mechanism of the Yogyakarta 88 

earthquake.  89 

Therefore, this study has two main purposes. That is, moment tensor inversion used to 90 

determine the type of expansion based on the mainshock and the three aftershocks Mw 91 

> 4. The second purpose is to obtain a model of the Yogyakarta source by knowing the 92 

distribution of cosmic slips in space and time using the joint inversion method. The 93 

calculation of moment tensor inversion and joint inversion based on the fit between the 94 

observed and synthetic waveforms with the smallest variance. 95 

2. Data and Methods 96 

2.1. Moment tensor inversion mainshock and aftershocks 97 

2.1.1. Data 98 

The data used for the mainshock moment tensor inversion obtained from the Incorporated 99 

Research Agency for Seismology (IRIS). Meanwhile, aftershocks data obtained from the 100 

Geofon and EIDA Data Archives. These data downloaded through the IRIS data services 101 



website (http://ds.iris.edu) and (http://eida.gfz-potsdam.de/webdc3), respectively. 102 

Distribution of IRIS and BMKG networks for all stations shown in Figure 2. The aftershock 103 

waveform data used for the distribution of aftershocks from non-permanent seismometer 104 

installed by Universitas Gadjah Mada in cooperation with the GFZ, Potsdam, Germany. 105 

It consists of ten stations with three-component sensors, as shown in figure 2. The 106 

experiment found approximately 524 aftershocks events that are relocated and plotted to 107 

visualize the spatial distribution, as shown in Figure 2. The aftershocks data plotted are 108 

research data from Wulandari et al. (2018). Mainshock data relocated using the 109 

SeisComP3 program, while distribution aftershocks data relocated using the NonLinLoc 110 

method. 111 

 112 

2.1.2. Method  113 

The waveform corrected from its instrument response using the Fortran code developed 114 

by Yagi (2006). The mainshock waveform is windowed with a data length of 100 seconds, 115 

starting 5 seconds before the arrival time of the P-wave. Furthermore, the aftershock 116 

waveform data is windowed with a length of 50 seconds starting 5 seconds before the P-117 

wave arrival time. The filters used in this data processing for mainshock and aftershock 118 

did by trying out some of the filters used in the previous research, which shown in Table 119 

2 and Table 3. The filter and velocity model selection based on the smallest variance 120 

value. The variance is the comparison between the observation and the synthetic 121 

waveform calculated using equation (1) (Yamanaka and Ishida, 1996; Ito et al., 2004). 122 

Var=∑ [(𝑢𝑗obs(𝑡𝑖)−𝑢𝑗cal(𝑡𝑖))2
(𝑢𝑗obs(𝑡𝑖))2 ]𝑗  1 123 

with 𝑢𝑗obsobservations waveform at each 𝑗station, 𝑢𝑗cal  calculations waveform at each 𝑗 124 

station each at time 𝑡.  125 

Optimal inversion model obtained by computing a moment tensor inversion that iterates 126 

at appropriate resampling time values from 0.1 to 10 seconds. 127 

http://ds.iris.edu/
http://eida.gfz-potsdam.de/webdc3


Table 2: Limits of the frequency range used in several studies for mainshock. 128 

Research Frequency (Hz) Length of Data 
(seconds) 

Sampling Time 
(seconds) 

Nakano et al. (2006) 0.01-0.02 250 0.5 

Suardi (2009) 0.01-0.03 80 0.5 

Mikumo and Yagi 
(2003) 0.05-0.4 60 0.25 

Yagi (2003) 0.01-0.4 120 0.25 

This study 0.01-0.05 100 0.5 

 129 

Tabel 3: Limits of the frequency range used in several studies for aftershocks 130 

Research Frequency (Hz) 
Length of Data 

(seconds) 
Sampling Time 

(seconds) 

Pinar A et al. 
(2007) 

0.05-0.1 50 0.2 

Kasemsak S 
(2017) 

0.03-0.15 50 0.1 

Miyatake et al. 
(2004) 

0.1-0.5 60 0.25 

This study 0.1-0.3 50 0.5 

 131 

In this study, we are applying the grid search method to determine the depth of the 132 

hypocenter in each frequency range with a bandpass filter. The waveform is converting 133 

from velocity to displacement using a sampling time of 0.2 seconds - 10 seconds and 134 

calculating the green function using several velocity models. The grid search method 135 

applied for hypocenter depth ranges from 1 km to 25 km. Also, the depth of the hypocenter 136 

was determined both for the mainshock and aftershocks. The calculation of the green's 137 

function utilized five velocity models, namely: AK135 (Kennett et al., 1995), CRUST2.0 138 

(Bassin et al., 200), PREM (Dziewonski and Anderson, 1981), JB (Jeffreys-Bullen, 1940), 139 

and Koulakov (Koulakov et al., 2007). Some of the velocity structure models used in this 140 



study shown in Table 4. Calculation of the green's function tends to produce a good 141 

estimate of the subsurface velocity model. 142 

 143 

Table 4. The seismic velocity model used in this study. 144 

Velocity 

Model 

Vp (km/s) Vs (km/s) Density (103 

kg/m3) 

Thicknees 

(km) 

Qp Qs 

AK135 

1.65 1.00 2.00 3.3 160 80 

5.80 3.20 2.60 10 250 150 

6.80 3.90 2.92 18.0 400 200 

8.04 4.48 3.60 0.0 600 250 

CRUST2.0 

2.92 2.44 1.01 2.09 150 50 

7.34 6.00 3.50 2.72 250 100 

13.96 6.60 3.80 2.86 400 200 

25.00 7.10 3.90 3.05 600 300 

PREM 

5.80 3.20 2.60 3.0 250 150 

6.80 3.90 2.90 15.0 400 200 

8.11 4.4 3.38 24.4 600 250 

8.08 4.47 3.38 71.2 600 300 

JB 

5.57 3.36 2.65 15.0 250 150 

6.50 3.74 2.87 18.0 400 200 

8.10 4.68 3.30 0.0 650 280 

Koulakov 

4.60 2.64 2.50 3.0 200 100 

5.30 3.05 2.65 5.0 250 150 

6.30 3.62 2.85 8.0 400 200 

7.00 4.02 2.95 8.0 450 200 

7.45 4.28 3.20 0.0 500 250 

 145 

The main equation for this calculation shown in equation 2, which describes the vertical 146 

component of the observation waveform at each j station as follows:  147 𝑢𝑗 = ∑ ∭ 𝐺jq𝑣5q=1 (𝑡 − τ,x,y,z)𝑀𝑞(τ,x,y,z)dV+e0 2 148 

where 𝐺jq is a green function of time 𝑡, and τ is a unit step from the source positions of x, y, 149 

and 𝑧. 𝑀𝑞is the moment tensor element, 𝑉 is the volume of the earthquake source space, 150 



𝑞 is the number of free components for the second pair selected, and 𝑒0 the observation 151 

error. The focal mechanism represents a point source model. Equation (2) can be 152 

simplified into a vector shape to form equation (3). 153 𝑑𝑗=G(𝑇(𝑡),x𝑐 ,y𝑐,z𝑐)𝑗m+e𝑗 3 154 

can be rewritten equation (3) into vector form, namely: 155 

𝑑 =
[  
   
𝑢𝑢𝑑(𝑡1)𝑢𝑢𝑑(𝑡2)...𝑢𝑛𝑠(𝑡1)]  

   , 𝐺 =
[  
   
 𝐺𝑢𝑑𝑚1(𝑡1) 𝐺𝑢𝑑𝑚2(𝑡1). . . 𝐺𝑢𝑑𝑚5(𝑡1)𝐺𝑢𝑑𝑚1(𝑡2) 𝐺𝑢𝑑𝑚2(𝑡2). . . 𝐺𝑢𝑑𝑚5(𝑡2).                    .        .      .       .                    .        .      .       .                    .        .      .       𝐺𝑛𝑠𝑚1(𝑡1)          .        .   𝐺𝑢𝑑𝑚5(𝑡2)]  

   
 ,𝑚 = [   

 𝑚1𝑚2𝑚3𝑚4𝑚5]  
  
 4 156 

 157 

where 𝑇(𝑡) is the source time function in the source centroid, and 𝑥𝑐,y𝑐,z𝑐, 𝑑, and 𝑒𝑗 are 158 

data vector errors with N-dimensions. 𝑀 represents the five dimensions of the parameter 159 

model vector, and 𝐺 is the N x 5 coefficient matrix. 160 

The solution to the above matrix equation is determined by the least square method when 161 

the observation waveform and the convolution of the green's function with the time 162 

function of the source are known. The calculation of Green functions for near-field data 163 

uses the extended reflectivity method developed by Kohketsu (1995) and Yagi (2006). 164 

The source time function used to determine the moment tensor solution. The slip rate 165 

function is applied to waveform data with a simple triangular function.  166 

2.2. Joint Inversion 167 

2.2.1. Data 168 

We download 16 teleseismic waveform body wave data (P and S waves), the vertical 169 

components recorded on the IRIS-DMC station downloaded via the page 170 

(http://ds.iris.edu). Teleseismic data from The International Federation of Digital 171 

Seismograph Networks (FDSN). The selected data has a high signal-to-noise ratio and 172 

covers a good azimuth range. The source and station distances used have a range of 300 173 

http://ds.iris.edu/


– 900. The teleseismic station configuration can be seen in Figure 3 (a). Meanwhile, near-174 

field data downloaded for free from the page (http://eida.gfz-potsdam.de/webdc3). Near-175 

field data uses the BMKG station network, and the configuration can be shown as in 176 

Figure 3 (b). The configuration of body wave teleseismic data and near-field data can be 177 

seen in Figure 3. 178 

  179 

The teleseismic data used for this wave inversion calculation consists of 12 stations. 180 

Teleseismic body wave data windowed with a data length of 90 seconds, 5 seconds 181 

before the P wave, filtered with a bandpass filter in the frequency range 0.008 - 0.1 Hz, 182 

and converted to displacement with a sampling time of 0.5 seconds. Whereas near-field 183 

data uses 14 components from 5 broadband seismometer stations, four stations from the 184 

BMKG network namely TNG, BJI, KMMI and DNP, and one station from the IRIS-DMC 185 

network, namely the XMIS station. Near-field data is windowed with a data length of 180 186 

seconds, 5 seconds before the P wave, filtered using a bandpass filter with a frequency 187 

range of 0.05 - 0.15 Hz, then converted to displacement with a sampling time of 0.5 188 

seconds. When the first P wave arrives at each seismogram, it manually picked using the 189 

help of the Seismic Analysis Code (SAC) program. 190 

2.2.2. Method 191 

The method used to determine the rupture process of the Yogyakarta earthquake source 192 

uses the equation from Yagi et al. (2004) developed from the Yoshida equation, 1992. 193 

This equation represents the rupture process as a temporal, spatial slip distribution in the 194 

fault plane. The wave received by the station is the observed waveform at each station j 195 

given as in equation 5. 196 𝑊𝑗𝑜𝑏𝑠(𝑡𝑖) =  ∑ 𝑋𝑚𝑛𝑘𝑙𝑔𝑚𝑛𝑘𝑗(𝑡𝑖 − (𝑙 − 1)𝜏 − 𝑇𝑚𝑛) + 𝑒𝑗𝑚𝑛𝑙𝑘  5  197 

Where 𝑋𝑚𝑛𝑘𝑙   is the slip component at each 𝑚𝑛 sub faults and each 𝑙𝑡ℎ time change, 198 𝑔𝑚𝑛𝑘𝑗(𝑡) is the basic seismic wave green function of the point source with slip units on 199 

each 𝑚𝑛 sub faults. 𝑇𝑚𝑛 is the basic function of the start time for each sub faults, while 𝑒𝑗 200 

is a gaussian error with the variance 𝜎𝑗. The calculation of the green function used for 201 



teleseismic data is the Kikuchi and Kanamori (1991) method. The velocity model seismic 202 

used for the calculation of the green data near-field and teleseismic functions is Koulakov 203 

and Jeffreys Bullen (JB), respectively, as shown in Table 3. 204 

We apply the numerical method to the standard waveform inversion scheme so that we 205 

obtain a more objective source model (Harzell and Heaton, 1983; Yoshida, 1992). The 206 

inversion calculation used in this research is the inversion code developed by Yagi et al. 207 

(2004). This method represents the rupture as a slip distribution over time and space in 208 

a fault plane. The initial model of the fault plane determined from the area distribution of 209 

the fault plane. Papazachos et al. 2004 can also use to calculate slip lengths and areas. 210 

The fault plane divided into MxN sub faults with the length and width of the sub faults 𝑑𝑥 211 

and  𝑑𝑦., respectively. The slip rate function on each sub-default determined from a simple 212 

triangular series of functions for the length of the dislocation time (rise time) τ. 213 

Equation (5) can be simplified into vector form as follows: 214 𝑌𝑗 = 𝐴𝑗 × + 𝑒𝑗 6 215 

Where  𝐴𝑗 is a matrix with the dimensions of the number of data points at each station 𝑛𝑗 216 × the number of model parameters 𝑁𝑗. 217 

Changing the number of model parameters will make a solution unstable because a small 218 

change in data will make a big difference in that solution. So that to produce a stable 219 

inversion, this study also applies to smooth limits to the slip distribution over time and 220 

space. 221 

For seismic wave analysis using observational data has two constraints, namely spatial 222 

and temporal, to obtain the best calculation of model parameters by minimizing the 223 

number of residuals squared S, determined by the equation:𝑆(×, 𝜎𝑗 , 𝜎𝑡 , 𝜎𝑑) =  ∑ 1𝜎𝑗2 ‖𝒚𝒋 −𝑗224 

𝑨𝒋×‖2 + 1𝜎𝑡2 ‖𝑻𝒙‖2 + 1𝜎𝑑2 ‖𝑫𝒙‖𝟐 7 225 



Where 𝑻 is the matrix of 𝑁1𝑥 𝑁𝑎(𝑁1 = 𝑀𝑁𝐿𝐾), and 𝑫 is the matrix of 𝑁2𝑥 𝑁𝑎(𝑁2 = 𝑀𝑁𝐾), 226 𝑀𝑁𝐾 is slip component 𝐾𝑡ℎ on the sub faults 𝑀𝑁𝑡ℎ and timestep 𝐿𝑡ℎ, while 𝑁𝑎 the model 227 

parameter. 228 

The least-square method is applied to determine the best estimate of the model 229 

parameters by providing the value of the covariance σ (Jackson and Matsuura, 1985). 230 

The values of σ_t and σ_d cannot be determined directly but can select from the quality 231 

of the data. The values of σ_t and σ_d are objectively using Akaike's Bayesian Information 232 

Criterion (ABIC) method (Akaike, 1980). This ABIC equation has also used by Fukuhata 233 

(2003; 2004). The ABIC equation to get the optimal value is: 234 

𝐴𝐵𝐼𝐶(×, 𝜎𝑡 , 𝜎𝑑) = 𝑁 log 𝑆(×, 𝜎𝑗 , 𝜎𝑡 , 𝜎𝑑) − 𝑙𝑜𝑔 ‖ 1𝜎𝑡2 𝑻𝒕𝑻 + 1𝜎𝑑2 𝑫𝒕𝑫‖ +235 

𝑙𝑜𝑔 ‖∑ 1𝜎𝑗2 𝑨𝒋𝒕𝑨𝒋 +𝑗 1𝜎𝑡2 𝑻𝒕𝑻 − 1𝜎𝑑2 𝑫𝒕𝑫‖ + 𝐶 8 236 

Where N is the total number of observed equations, and the value of C is constant. In this 237 

study, the grid search method applied to obtain the optimal values of 𝜎𝑡 and 𝜎𝑑. This study 238 

also uses the non-negative least squares (NNLS) method to solve the least-squares 239 

problem with a positive constraint on the model parameters. 240 

Where N is the total number of observed equations, and the value of C is constant. In this 241 

study, the grid search method applied to obtain the optimal values of 𝜎𝑡 and 𝜎𝑑. This study 242 

also uses the non-negative least squares (NNLS) method to solve the least-squares 243 

problem with a positive constraint on the model parameters. 244 

3. Results 245 

3.1. Moment tensor inversion of mainshock event 246 

The mainshock source mechanism is determined by the grid search method using various 247 

frequency ranges and velocity models, as shown in table 2 and table 4. The results can 248 

show as in Figure 4. Converting the velocity waveform to displacement using a sampling 249 

time of 0.1 second - 10 seconds, to be able to choose a stable result. 250 



 251 

Figure 4 shows the beachball variations for each velocity model and time sampling 252 

variation. The time sampling with the smallest variance value of each velocity model is 253 

0.5 seconds, and frequency is 0.01 – 0.05 Hz. The 0.5 second sampling time is very 254 

stable with the five velocity models. Sampling times above 1 are precarious. Frequencies 255 

with low variance found at low frequencies, 0.01 to 0.05 Hz. A velocity model that can 256 

describe the subsurface structure of the study area is the Koulakov velocity model with a 257 

sampling time of 0.5 seconds and a frequency of 0.01 to 0.05 Hz. The minimum variance 258 

value for this grid search method is 0.234, which shown by comparing observed and 259 

synthetic waveforms, as shown in Figure 5. The parameter of the Yogyakarta seismic 260 

source on May 27, 2006, is the moment 0.2808 E + 19 (Nm) is equivalent with moment 261 

magnitude Mw=6.2. The fault parameters obtained for Nodal 1 are strike 353.70, dip 43.40, 262 

and slip -1260, and Nodal 2 are strike 218.70, dip 56.20, and slip -610, and the hypocenter 263 

is 12 km. 264 

 265 

The results of the moment tensor inversion from near-field data for the mainshock are 266 

shown by Nodal 2 with the type of faulting, namely, strike-slip and dip-normal. The 267 

depiction of this faulting type can be depicted as a beachball, as shown in figure 6. 268 

 269 

3.2. Moment tensor inversion of aftershocks event 270 

The aftershock mechanism determined in the same way as the mainshock. The method 271 

used is a grid search method in previous studies using various velocity models and 272 

frequency ranges. The velocity models and frequency ranges used to determine the 273 

aftershocks mechanism are shown in Tables 3 and 4, respectively. The aftershock 274 

reversal results for June 8, 9, and 16 can be seen in Figure 7, respectively. Figure 8 and 275 

Figure 9. Convert the waveform velocity to displacement using a sampling time of 0.2 to 276 

10 seconds. 277 

 278 



Figure 7, Figure 8, and Figure 9 are images of beachball variations from the results of the 279 

grid search method to obtain the aftershock source mechanism for June 8, 9, and 16, 280 

respectively. These graphs show as a function of time sampling and variance for each 281 

model. The speed and range of the bandpass filter are as shown in Table 2. The sampling 282 

time of 1 second and above for the aftershock on June 8, 9, and 16 in the five velocity 283 

models have the same trend, namely the focal ball and unstable variance values. As for 284 

the sampling time of 0.5 seconds, the aftershock on June 8, 9, and 16 was very stable. 285 

The very stable variance value of the five velocity models used is the Koulakov velocity 286 

model. The Koulakov velocity model is very representative of the subsurface structure of 287 

the study area. For the five velocity models and aftershocks on June 8, 9, and 16, the 288 

lowest dispersion frequency was 0.1-0.3 Hz. The smallest variance values for the 289 

aftershock on June 8, 9, and 16 were 0.2178, 0.1949, and 0.2432, respectively. The 290 

parameters of the inversion result of the aftershock source can be seen in Table 5. 291 

In Figure 10, we show the fitting shape of the observed waveform and the synthetic 292 

waveform displacement of the Yogyakarta earthquake aftershock on May 27 2006, 293 

namely June 8, 9 and 16. The resulting waveform fitting is the best result from the grid 294 

search process. 295 

 296 

Table 5 shows a variation on the fault plane types of aftershock for the 8, 9, and 16 of 297 

June 2006 . The typical dip-normal was the type of faulting used on June 8, while the 298 

strike-slip fault dominated June 9, and 16. The magnitude has a similar result with the 299 

catalogue from International Seismological Center (ISC), i.e., Mw=4,4, Mw=4,1 and 300 

Mw=4.0 for the 8, 9, and 16 June respectively, as shown in Figure 11. The variance value 301 

obtained from the inversion shown in Table 5.  302 

Tabel 5: Parameter of source mechanism of the aftershock Yogyakarta earthquake 8, 9, 303 

and 16 June. 304 

Date 
(June) 

Seismic 
Moment 

Depth 
(km) 

Nodal 
Plane 1 
(strike, 

dip, rake) 

Nodal 
Plane 2 
(strike, 

dip, rake) 

P Axis T Axis Variance 

Azimuth Plunge Azimuth Plunge  



8 
0.2636E+16, 

Mw 4.2 
15 

192.20, 

29.70, -

48.30 

326.50, 

68.30, -

110.80 

25 61 72 21 0.2178 

9 
0.2531E+17, 

Mw 4.1 
11 

153.40, 

69.10, 

175.60 

2450, 

85.90, 

20.90 

197 12 291 18 0.1949 

16 
0.2342E+16, 

Mw 4.0 
6 

87.20, 

60.70, 

36.90 

197.40, 

58.40, -

144.90  

211 1 322 1 0.2432 

 305 

The results of the aftershock moment tensor inversion are shown in Table 5 and serve as 306 

the basis for examining the consistency of the fault plane caused by the mainshock. The 307 

beachball solution from this inversion shown in Figure 11. 308 

 309 

Figure 11 shows the inversion result of the mainshock and aftershocks moment tensor. 310 

The mainshock focal mechanism has a dip-normal strike-slip fault type. Meanwhile, the 311 

focal mechanism of the 9 and 16 June aftershock has a different type from the mainshock, 312 

namely the strike-slip. Meanwhile, the aftershock on June 8 has the same type as the 313 

mainshock. There is a strong suspicion that the 9 and 16 June aftershocks originated 314 

from a different fault plane than the mainshock. The fault type issued by USGS has a 315 

predominantly strike-slip fault type. 316 

3.3. Joint Inversion 317 

We adopt Akaike's Bayesian Information Criterion (ABIC) to get more objective parameter 318 

results (Akaike, 1980). The calculation of the green function for teleseismic body waves 319 

uses the method from Kikuchi and Kanamori's (1991), while for near-field data uses the 320 

method developed by Kohketsu (1985). 321 

3.3.1. Fault model 322 

The fault model used in this study uses the Hazkel finite fault model, which assumes that 323 

there is no change in the slip angle along the rupture and that the faulting occurs in a 324 

single fault plane. The fault dimensions are essential to know to obtain detailed global 325 



features of the fault plane and coseismic rupture of an earthquake. Seismic traces in the 326 

fault plane can be used to estimate the extent of the fault plane. Mapping the distribution 327 

of the Yogyakarta earthquake aftershock from several previous studies shows the area 328 

of the Opak fault plane, namely 28 km long and 15 km wide (Walter et al., 2008; Anggraini, 329 

(2913). Meanwhile, according to the Papazachos et al. (2004) equation, it is known that 330 

the length of the fault plane is 30 km and the width of the fault plane is 20 km The initial 331 

model of the fracture area used in this study divided into two stages, namely, stage 1 and 332 

stage 2. The division of the fault plane into two parts is to obtain the area of the fault plane 333 

that corresponds to the actual area of the Opak Fault. The fault plane on stage 1 with a 334 

strike length of 32.5 km and a dip width of 15 km, which divided into several sub faults, 335 

namely 15 x 6 sub faults. The length of each sub faults is 2.5 km. The dimensions of the 336 

fault plane on stage 2 are smaller than stage 1, namely the length strike 17.5 km x dip 337 

width 15 km. The fault plane divided into several sub-defaults, namely 7 x 6 sub faults. 338 

The hypocenter position used will be the result of relocation from the mainshock released 339 

by USGS using the software sesicomp3. The fault plane model used in this study can 340 

see, as shown in Figure 12. The velocity model used to calculate teleseismic body wave 341 

data is Jeffreys Bullen (JB). Meanwhile, the near-field data calculation uses five velocity 342 

models, as shown in table 4. The JB velocity model for teleseismic data is varied into four 343 

near-field data rate models to obtain the smallest variation. 344 

The rupture velocity is set to equal the maximum shear wave velocity to save computation 345 

time. The maximum velocity used is the shear wave velocity from Koulakov et al., which 346 

is 4.6 km / s. The waveform data for implementing the slip-rate function uses a simple 347 

triangular function sequence with a rise time of 1 second. Dislocation time and rupture 348 

propagation for each sub faults used to determine slip-rate function duration. Hypocenter 349 

depth using the grid search method has carried out by calculating the mainshock moment 350 

tensor inversion. Fault plane parameter and the depth of the hypocenter obtained on 351 

mainshock moment tensor inversion calculation used as the initial input parameters for 352 

the calculation of joint inversion. 353 

 354 

3.3.2. Source Rupture Process 355 



The rupture of the Yogyakarta earthquake source process on May 27, 2006, was the 356 

result of a joint inversion. Figure 13 is the result of the joint inversion of the Yogyakarta 357 

earthquake, namely the earthquake source mechanism, the moment rate function, and 358 

the coseismic slip distribution. The focal mechanism resulting from the inversion joint 359 

inversion has similarities to the initial input. The resulting fault parameters were strike 360 

217.60, dip 560, and slip -530 (Figure 13a). The source duration of moment rate function 361 

length is 28.5 seconds (Figure 13b). The total seismic moment produced is M0 = 0.4311E 362 

+ 19 (Nm) or Mw = 6.4 (Figure 13b), which has the same thing that was released by 363 

USGS, namely M0 = 0.422E + 25 (Nm) or M0 = 6.3. The energy moment released at the 364 

6th second after the first initial break. The total slip vector produced is 0.78 m (Figure 365 

13d). The slip movement has an NS direction from the hypocenter point then moves in 366 

an SW direction towards the surface and moves in a dip direction at the 15th second to 367 

the end. The Yogyakarta earthquake fault type is more dominant dip-normal than strike-368 

slip (Figure 13c). 369 

 370 

Figure 14a shows a series of snapshots of the Yogyakarta earthquake dislocation 371 

distribution to the surface area from 0 to 28 seconds. It can seem that the change in 372 

dislocation occurs not at the initial break, but the 3rd second. It is moving southward until 373 

the eighth second as far as 10 km. Then the dislocation movement moves northward for 374 

20 km until the 12 second. The 15th second the slip movement is seen moving in the 375 

direction of 15 km until the last second. The maximum slip that occurs is 0.72 m 10 km 376 

north of the hypocenter. The first asperity zone is 10 km south of the hypocenter and the 377 

second asperity zone is 10 km south of the hypocenter (Figure 13.c). Figure 14b illustrates 378 

the slip rate of snapshots per second. The average rupture speed was 4 m / s. 379 

 380 

Figure 15 shows the comparison of the observed waveform (in blue) with the synthetic 381 

waveform (in red) displacement for near-field data (Figure 15a) and body wave 382 

teleseismic data (Figure 15b). The variance value of observed waveform fittings with 383 

synthetic waveforms is 0.3412. This value is still quite large, even if seen from the 384 



waveform fitting, it is quite good at the beginning of the arrival of the P wave. The limited 385 

quality of the signal recorded by the teleseismic station is also a factor in the variance 386 

value. Magnitude 6.3 earthquakes are less well recorded at long-range stations and are 387 

also affected by layer inhomogeneity. The limited azimuthal coverage of near-field data 388 

can also affect the quality of this inversion calculation. The near-field and teleseismic data 389 

are not very good quality, but these results show a fairly good resolution quality. This 390 

result is one of the advantages of simultaneous inversion of near-field and teleseismic 391 

data using ABIC optimization (Akaike, 1980). Therefore, the obtained variance values are 392 

the best results from the joint inversion results. 393 

 394 

Figure 16 illustrates the distribution of the Yogyakarta earthquake coseismic slip overlaid 395 

with the distribution of the relocated aftershock. This figure can explain the aftershock 396 

distribution pattern with the coseismic slip distribution. The distribution of the aftershock 397 

distribution lies at a high enough slip. This pattern shows that they are in the same fault 398 

plane, but the pattern that located on the west has a different pattern. The difference in 399 

this pattern thought to originate from different fault planes. If we look at the results of the 400 

previously produced aftershock moment tensor inversion on June 9, they have a different 401 

type of fault. The differences in these fault types indicate the complexity of the faults in 402 

the study area. 403 

 404 

4. Discussion 405 

The results of moment tensor inversion obtained using near-field data on the main 406 

earthquake and aftershock in Yogyakarta on May 27, 2006. The resulting mainshock fault 407 

source parameters were strike 218.70, dip 56.20, and slip -610. This fault parameter shows 408 

that the fault type caused by the Yogyakarta mainshock is oblique. These results have 409 

also confirmed several research results which state that the type of fault caused by the 410 

Yogyakarta mainshock is not pure strike-slip but has a dip-normal component. Kawazoe 411 

and Koketsu (2010) in their research, said that the type of earthquake source mechanism 412 

has two types, namely left-lateral strike-slip faulting and reverse dip-slip faulting. In 413 



conclusion, according to Kawazoe and Koketsu, the source mechanism that occurs can 414 

have two different fault segments. 415 

Meanwhile, Tsuji et al. (2009) stated that there was a movement in the direction of the 416 

fault line on the east side along the Opak fault line. These results confirm the results of 417 

the joint inversion, from the slip distribution in Figure 11c, showing that at the 15th second, 418 

there is a slip shift towards the dip. The most significant slip also occurred at the second 419 

Asperity at 0.72 m. 420 

Moment tensor inversion calculations for the 8, 9, and 16 June aftershock using 421 

temporary near-field data also performed. Fault source parameters for the 8, 9, and 16 422 

June aftershocks show the complexity of the Opak fault (Budiman et al., 2019; Saputra 423 

et al., 2018, Anggraini, 2013). The fault types for the 8th aftershock were dip-normal, the 424 

9th and 16th June were the strike-slip (Table 5). These results show that the Yogyakarta 425 

earthquake mainshock has activated several active faults on the eastern side of the Opak 426 

fault (Anggraini 2013; Budiman et al., 2019; Irham et al., 2014). 427 

This research has also conducted to determine the rupture process of the Yogyakarta 428 

earthquake source on May 27, 2006, using joint inversion. The result is the earthquake 429 

source mechanism, the moment rate function, and the coseismic slip distribution. The 430 

focal mechanism resulting from this inversion is similar to that of the mainshock moment 431 

tensor inversion. The resulting fault parameters are strike 217.60, dip 560, and slip -530. 432 

The results of this inversion show the consistency obtained from the moment tensor 433 

inversion with the joint inversion. The fracture type obtained from this inversion result is 434 

dip-normal, with a smaller slip than the moment tensor inversion. Yagi (2006) in the 435 

research of Ohsumi and Baba (2007), shows that the rupture that occurred due to the 436 

Yogyakarta earthquake had two stages. The first stage as the first subevent with 437 

directions southwest to northeast and then the second stage as the second subevent. 438 

The results of this joint inversion also obtained two weak zones, located 10 km south of 439 

the hypocenter as the first Asperity and 10 km to the north as the second Asperity. 440 

Kawazoe and Koketsu (2010) also identified two zones of violence near the hypocenter 441 

and in the southwest. So that Kawazoe and Koketsu (2010) suspect it came from two 442 

different events. These results have also confirmed the aftershock moment tensor 443 



inversion, where the fault types for the 9 and 16 June aftershock have different types, so 444 

that there may have been reactivation of several minor faults on the east side of the Opak 445 

fault (Anggraini 2013; Walter et al., 2008; Saputra et al., 2018; Budiman et al., 2018). 446 

The distribution of the coseismic slip, overlaid with the relocation of the aftershock 447 

distribution (Figure 15), shows that the aftershock spread out parallel to the Opak fault. 448 

To the west of the Opak fault distribution, there is another pattern. This pattern thought to 449 

originate from different fault segments, and these results can confirm the results of the 450 

aftershock moment tensor inversion on June 9 and 16 which thought to originate from a 451 

different fault segment with the mainshock fault plane. 452 

5. Conclusions 453 

We have calculated the moment tensor inversion of the mainshocks and aftershocks, and 454 

the inversion of the joint inversions to obtain a more comprehensive model of the 455 

Yogyakarta May 27, 2006, earthquake source. The first thing to do is to get the exact 456 

Yogyakarta earthquake source mechanism using the mainshock waveform inversion. The 457 

source parameters obtained are used as input to perform joint inversion calculations 458 

Mainshock source parameter obtained by dip-normal strike-slip type. To get a stable 459 

inversion result in the joint inversion method, we adopt the ABIC method (Akaike, 1980). 460 

In this joint inversion, we can obtain information on the distribution of the coseismic slip 461 

in the rupture area. The slip distribution obtained is bilateral rupture. Generally, the 462 

direction of slip distribution propagates along the fault plane in the strike direction, then 463 

moves and ends in the dip direction. The direction of the slip distribution spreads from the 464 

hypocenter point to the south for 10 km then moves north for 20 km then moves towards 465 

dip-normal. The source of the Yogyakarta earthquake that resulted from this research can 466 

conclude from the Opak fault, which reactivated the minor fault on the east side of the 467 

Opak fault. The source of the Yogyakarta earthquake strongly suspected of having come 468 

from two different sources, such as those obtained from the mainshock and aftershock 469 

moment tensor inversion and the results of joint inversion calculations. 470 
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Caption Figures: 651 

Figure 1: Focal mechanisms of several agencies. The yellow star represents the location 652 

of the epicentre. The black and white shoreline colour indicates the focus mechanism, 653 

while the dark blue line is the Opak fault, and the light blue line is the minor fault scattered 654 

east of the Opak fault. 655 

 656 

Figure 2: BMKG networks consists of six stations, namely SBJI, TNG, JCJI, BJI, KMMI, 657 

and DNP. Meanwhile, the IRIS networks use XMIS stations (red inverted triangles). The 658 

red box is the distribution location of the GFZ. Non-permanent stations (red triangles) 659 

consists of ten stations, namely PEL, TRI, RAT, KARA, PAL, BOG, WAN, NGL, KRI, and 660 

WON. The yellow star in the red box depicts the epicentre of the Yogyakarta earthquake 661 

mainshock. The black and white colour beachball is the main focal mechanism of the 662 

USGS. The small red circle east of the Opak fault is the aftershocks distribution that has 663 

relocated. 664 

 665 

Figure 3: Near-field data station configuration and body wave teleseismic data. (a). The 666 

station configuration for the body wave teleseismic data given a red inverted triangle 667 

symbol. The number of body wave teleseismic data used is 12 stations. The distance of 668 

the teleseismic data station to the source is 300 - 900. The yellow star in the pink box is 669 

the epicentre position and the near-field station configuration. (b). Configure a near-field 670 

data station marked with a red inverted triangle symbol. The yellow star is the epicentre 671 

of the Yogyakarta earthquake mainshock. The station-to-source distance for near-field 672 

data is 00 – 5.50. 673 

 674 

Figure 4: The grid search method to get the best solution of the mainshock focal 675 

mechanism as a function of time sampling and variance for each of the speed and range 676 

bandpass filter models as shown in Table 2. The blue, yellow, red, brown and green colour 677 

beachball indicates the filtering used by Nakano, Suardi, Mikumo, Yagi, and in this study, 678 



respectively. The velocity model used are: (a). AK135, (b) CRUST, (c). PREM, (d). JB 679 

and (e). Koulakov. 680 

 681 

Figure 5: The fitting of the displacement waveform between observation with the synthetic 682 

waveform from the Yogyakarta earthquake mainshock recorded by BJI, JCJ, TNG, SBJI, 683 

KMMI and XMIS stations. The blue and red lines are the observation and synthetic 684 

waveforms, respectively. The value above the waveform is the maximum amplitude of the 685 

observed waveform 686 

 687 

Figure 6: Focal mechanism of the inversion model using Koulakov's velocity model 688 

illustrated by a green colour beach ball.  689 

 690 

Figure 7: The grid search method to get the best solution of the focal aftershock 691 

mechanism on June 8 as a function of time sampling and variance for each model speed 692 

and bandpass filter range as shown in Table 2. The blue, yellow, red, brown and green 693 

colour beachball indicates the filtering used by Pinar, Kasemsak, Miyatake, and in this 694 

study, respectively. The velocity model used are: (a). AK135, (b) CRUST, (c). PREM, (d). 695 

JB and (e). Koulakov. 696 

 697 

Figure 8: The grid search method to get the best solution from the focal mechanism of 698 

the June 9 aftershock as a function of time sampling and variance for each of the velocity 699 

models and bandpass filter ranges as shown in Table 2. The blue, yellow, red, brown and 700 

green colour beachball indicates the filtering used by Nakano, Suardi, Mikumo, Yagi, and 701 

in this study, respectively. The velocity model used are: (a). AK135, (b) CRUST, (c). 702 

PREM, (d). JB and (e). Koulakov. 703 

 704 



Figure 9: Grid search method to get the best solution from the focal mechanism of 705 

aftershock on June 16 as a function of time sampling and variance for each velocity model 706 

and several frequencies used. The blue, yellow, red, brown and green colour beachball 707 

indicates the filtering used by Nakano, Suardi, Mikumo, Yagi, and in this study, 708 

respectively. The velocity model used are: (a). AK135, (b) CRUST, (c). PREM, (d). JB 709 

and (e). Koulakov. 710 

 711 

Figure 10: Waveform fitting for the aftershock recorded on 8, 9, and 16 June 2006. The 712 

blue and red colours are observation and synthetic waveforms, respectively. a) The 713 

waveform fitting for aftershock on June 8using PAL, KRI, NGL, PEL, WAN and WON 714 

stations. b) The waveform is fitting for aftershock on June 9 using KRI, NGL, PAL, PEL, 715 

RAT and TRI Stations. c) The waveform is fitting for aftershock on June 16 using BOG, 716 

KARA, WON, NGL, PAL, PEL and RAT stations. 717 

 718 

Figure 11: Result of determining the mainshock and aftershock focal mechanism for the 719 

Yogyakarta earthquake on May 27 2006. The focal mechanism of the mainshock and 720 

aftershock is represented in green, while the red colour small circle indicates the 721 

distribution. 722 

 723 

Figure 12: The assumed fault plane used in the joint inversion calculation. The black line 724 

is the assumption of the fault plane at stage 1, while the green line is the assumption of 725 

the fault plane at stage 2. Yellow stars and red circles are the distribution of epicentre 726 

locations and aftershock relocations. Green beachball is the focal mechanism of the 727 

inversion mainshock. 728 

 729 

Figure 13: Results of the joint inversion of the Yogyakarta earthquake on May 27 2006. 730 

(a) The focal mechanism of the Yogyakarta earthquake. (b) Functions of the moment rate 731 



and source duration. (c) The distribution of the coseismic slip vector, the yellow star is the 732 

hypocenter position; the colour of the contour represents the size of the slip dislocation. 733 

At the same time, the white dots are the position of the Asperity zone (d) The graph of the 734 

dislocation in the asperity zone against time. 735 

 736 

Figure 14: Series of snapshots projected orthogonally onto the surface plane. (a) 737 

distribution of dislocations per second, from 0 seconds to 28 seconds. (b) Distribution of 738 

the slip rate per second from 0 seconds to 28 seconds. The yellow star is the epicentre 739 

of the mainshock. 740 

 741 

Figure 15: Comparison of the observed and synthetic waveforms. The blue waveform is 742 

the observed waveform, and the red waveform is the synthetic waveform. The value 743 

above the waveform is the maximum amplitude value of each waveform. (a) Near-field 744 

data. (b) Teleseismic body wave. 745 

 746 

Figure 16: Distribution of seismic slip on May 27, 2006, in Yogyakarta plotted on the 747 

surface of the map The yellow star is the epicenter of the main shock. The small red circle 748 

is the distribution of the aftershock relocation locations. Green focus ball is a reverse 749 

focus mechanism. 750 



Figures

Figure 1

Focal mechanisms of several agencies. The yellow star represents the location of the epicentre. The
black and white shoreline colour indicates the focus mechanism, while the dark blue line is the Opak
fault, and the light blue line is the minor fault scattered east of the Opak fault.



Figure 2

BMKG networks consists of six stations, namely SBJI, TNG, JCJI, BJI, KMMI, and DNP. Meanwhile, the
IRIS networks use XMIS stations (red inverted triangles). The red box is the distribution location of the
GFZ. Non-permanent stations (red triangles) consists of ten stations, namely PEL, TRI, RAT, KARA, PAL,
BOG, WAN, NGL, KRI, and WON. The yellow star in the red box depicts the epicentre of the Yogyakarta
earthquake mainshock. The black and white colour beachball is the main focal mechanism of the USGS.
The small red circle east of the Opak fault is the aftershocks distribution that has relocated.



Figure 3

Near-�eld data station con�guration and body wave teleseismic data. (a). The station con�guration for
the body wave teleseismic data given a red inverted triangle symbol. The number of body wave
teleseismic data used is 12 stations. The distance of the teleseismic data station to the source is 300 -
900. The yellow star in the pink box is the epicentre position and the near-�eld station con�guration. (b).
Con�gure a near-�eld data station marked with a red inverted triangle symbol. The yellow star is the
epicentre of the Yogyakarta earthquake mainshock. The station-to-source distance for near-�eld data is 0˚
– 5.5˚.

Figure 4



The grid search method to get the best solution of the mainshock focal mechanism as a function of time
sampling and variance for each of the speed and range bandpass �lter models as shown in Table 2. The
blue, yellow, red, brown and green colour beachball indicates the �ltering used by Nakano, Suardi,
Mikumo, Yagi, and in this study, respectively. The velocity model used are: (a). AK135, (b) CRUST, (c).
PREM, (d). JB and (e). Koulakov.

Figure 5

The �tting of the displacement waveform between observation with the synthetic waveform from the
Yogyakarta earthquake mainshock recorded by BJI, JCJ, TNG, SBJI, KMMI and XMIS stations. The blue
and red lines are the observation and synthetic waveforms, respectively. The value above the waveform is
the maximum amplitude of the observed waveform



Figure 6

Focal mechanism of the inversion model using Koulakov's velocity model illustrated by a green colour
beach ball.



Figure 7

The grid search method to get the best solution of the focal aftershock mechanism on June 8 as a
function of time sampling and variance for each model speed and bandpass �lter range as shown in
Table 2. The blue, yellow, red, brown and green colour beachball indicates the �ltering used by Pinar,
Kasemsak, Miyatake, and in this study, respectively. The velocity model used are: (a). AK135, (b) CRUST,
(c). PREM, (d). JB and (e). Koulakov.



Figure 8

The grid search method to get the best solution from the focal mechanism of the June 9 aftershock as a
function of time sampling and variance for each of the velocity models and bandpass �lter ranges as
shown in Table 2. The blue, yellow, red, brown and green colour beachball indicates the �ltering used by
Nakano, Suardi, Mikumo, Yagi, and in this study, respectively. The velocity model used are: (a). AK135, (b)
CRUST, (c). PREM, (d). JB and (e). Koulakov.



Figure 9

Grid search method to get the best solution from the focal mechanism of aftershock on June 16 as a
function of time sampling and variance for each velocity model and several frequencies used. The blue,
yellow, red, brown and green colour beachball indicates the �ltering used by Nakano, Suardi, Mikumo,
Yagi, and in this study, respectively. The velocity model used are: (a). AK135, (b) CRUST, (c). PREM, (d). JB
and (e). Koulakov.



Figure 10

Waveform �tting for the aftershock recorded on 8, 9, and 16 June 2006. The blue and red colours are
observation and synthetic waveforms, respectively. a) The waveform �tting for aftershock on June
8using PAL, KRI, NGL, PEL, WAN and WON stations. b) The waveform is �tting for aftershock on June 9
using KRI, NGL, PAL, PEL, RAT and TRI Stations. c) The waveform is �tting for aftershock on June 16
using BOG, KARA, WON, NGL, PAL, PEL and RAT stations.



Figure 11

Result of determining the mainshock and aftershock focal mechanism for the Yogyakarta earthquake on
May 27 2006. The focal mechanism of the mainshock and aftershock is represented in green, while the
red colour small circle indicates the distribution.



Figure 12

The assumed fault plane used in the joint inversion calculation. The black line is the assumption of the
fault plane at stage 1, while the green line is the assumption of the fault plane at stage 2. Yellow stars
and red circles are the distribution of epicentre locations and aftershock relocations. Green beachball is
the focal mechanism of the inversion mainshock.



Figure 13

Results of the joint inversion of the Yogyakarta earthquake on May 27 2006. (a) The focal mechanism of
the Yogyakarta earthquake. (b) Functions of the moment rate and source duration. (c) The distribution of
the coseismic slip vector, the yellow star is the hypocenter position; the colour of the contour represents
the size of the slip dislocation. At the same time, the white dots are the position of the Asperity zone (d)
The graph of the dislocation in the asperity zone against time.



Figure 14

Series of snapshots projected orthogonally onto the surface plane. (a) distribution of dislocations per
second, from 0 seconds to 28 seconds. (b) Distribution of the slip rate per second from 0 seconds to 28
seconds. The yellow star is the epicentre of the mainshock.



Figure 15

Comparison of the observed and synthetic waveforms. The blue waveform is the observed waveform,
and the red waveform is the synthetic waveform. The value above the waveform is the maximum
amplitude value of each waveform. (a) Near-�eld data. (b) Teleseismic body wave.



Figure 16

Distribution of seismic slip on May 27, 2006, in Yogyakarta plotted on the surface of the map The yellow
star is the epicenter of the main shock. The small red circle is the distribution of the aftershock relocation
locations. Green focus ball is a reverse focus mechanism.


