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ABSTRACT:  
 
This paper describes utilization of GPS data in Korea Peninsula and IEODO ocean research station for investigation of postseismic 
deformation characteristic after the 2011 Tohoku-oki Mw9.0 Earthquake. Analytical logarithmic and exponential functions were 
used to evaluate the postseismic deformation parameters. The results found that the data in Korea Peninsula and IEODO during 
periods of mid-2011 – mid-2014 are fit better using logarithmic function with deformation decay at 134.5 ±0.1 days than using the 
exponential function. The result also clearly indicates that further investigation into postseismic deformation over longer data span 
should be taken into account to explain tectonic deformation over the region. 
 
 

1. INTRODUCTION 

The Mw=9.0 Tohuku earthquake of 11th March 2011 is considered 
amongst the largest aftershocks ever recorded in Pacific coast of 
Northeastern Japan since a decade. Rupture along the ~500km (310 
mi) fault zone was found start from the epicenter (38.297°N, 
142.372°E) near the 129km of Sendai, Honshu, Japan and 
continuously towards the southwestward at a speed of about 2.5 
km/s (Ammon et al. 2011). This earthquake caused significant 
coseismic deformation not only in the Japanese islands (Nishimura, 
2011; but also on the Eurasia and Amuria continent ~ 3000 km 
away from the earthquake epicenter (Wang et al. 2011). Ha et al. 
(2014) and Ha et al. (2012) have found that Korea Peninsula moved 
2.8 cm on average eastward due to the Tohoku-oki earthquake. The 
results were based on regional GPS stations measurement from 
2000-2008, and March 11-18, 2011.  

 

 
 
Figure 1. The location of 2011 9.0Mw earthquake epicenter 
(32.122N, 138.026E), ~1,310km from Seoul City, Korea 
Peninsula and ~1,530km from IEODO submerged rock. 

 

The impact from the earthquake into tectonic deformation was 
continuously recorded by a network of CORS in Korea Peninsula 
and IEODO ocean research station in the East China Sea. The 
data did not record the significant displacement during the 
coseismic of the earthquake, but may capture the ongoing 
process of postseismic deformation in Northeast Asia after the 
2011 Tohoku-oki earthquake. This paper describes an attempt 
to estimate postseismic deformation parameters for the 2011 
Tohoku-oki event by utilizing GPS time-series analysis as 
produced by ten continuously operation reference stations 
(CORS) from the national geographic information institute of 
Korea (NGII) and IEODO ocean research stations (located 
approximately 149km southwest from Mara Island). Simple 
analytical logarithmic and exponential postseismic model were 
used to fit with the GPS time-series. This investigation provides 
a preliminary insight into seismic cycle and dynamics of Korea 
Peninsula and East China Sea in general. 
  
 

2. DATA AND METHODS OF ANALYSIS  

This section provides discussion on the data selection and 
methodology for quantifying postseismic deformation in Korea 
Peninsula after the effect of 2011 Tohoku-oki earthquakes. 
Figure 2 demonstrate work-flow of the work and description of 
the work is explained as follows; 
 
2.1 GPS Data & High Precision Time Series Generation 

In Korea Peninsula, ten (10) stations of NGII network have 
been deployed in this study,there are KANR, TEGN, SNJU, 
SOUL, WULJ, WNJU, JUNJ, CNJU, JINJ, and KWNJ (see 
Figure 3). In addition, IEODO station constructed on the 
submerged rock situated 149km southwest from Mara Island 
also contribute in the study in order to analyze postseismic 
deformation within the East China Sea region. Three years of 
data period (DoY61/2011 until DoY100/2014) were utilized 
and note that the GPS measurements of2010 and 2012 were not 
considered in the data processingdue to data limitation at CORS 
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stations. This data limitation of the NGII and IEODO stations 
has been explained in Lee et al. (2015). 
 

 

Figure 2. Work-flow of the work. 

 
 

Figure 3. Location of NGII GPS CORS Network.

 
The GPS data has been processed by using high precision 
processing technique adopting Quasi-Ionosphere-Free (QIF) 
strategy. The processing used three steps of processing. First 
step is data preparation for raw phase and pseudorange data, 
station initial coordinate, receiver and antenna information for 
each site, satellite orbits information and earth rotation 
parameters. Second, each parameter was modeled to solve phase 
ambiguity for the baseline vector estimation. Finally, geodetic 
daily positioning solution in terms of geocentric Cartesian 
coordinate (X, Y, Z) were determined for each NGII and 
IEODO stations by connecting the network to the IGb08. To 
this end, minimum constraint approach was performed by the 
use of thirty-five International GPS Service (IGS) stations 
globally distributed on the earth surface. Small global map in 
the Figure 4 illustrates distribution of GPS network used in the 
study. 

 
In order to ensure that only post-seismic time series due to the 
2011 Tohoku-oki earthquake for further tectonic analysis, the 
daily solution of GPS network in IGb08 consisting of in 1200 
days is used for generating position time series has to be 
corrected by removing linear plate rigid motion parameter. This 
can be done by using parameter of rotation pole proposed by 
MORVEL 2010 (63.170oN, -122.820oE, 0.297o/Ma). The 
MORVEL model was calculated based on high-quality data 
such as earthquakes slip directions that averaged plate 
directions over decades to centuries, transform fault azimuths 
that averaged directions over hundreds of thousands of years, 
and spreading rates motion (DeMets et al. 2010). 
 
The corrected coordinate time series were then plotted using in-
house MATLAB programming scheme namely; GRBCRD in 
order to generate the postseismic time-series for the Tohoku-oki 
earthquake event. With the GRBCRD, daily position files in 
Cartesian coordinates were then converted to local planar 
coordinate (i.e., northing and easting in horizontal components 
and ellipsoidal height (up)). This will allow for plotting 
coordinate time series in both components separately. The 
outliers within the time series were then detected by using 
Auto-Regressive–Moving-Average model (ARMA) technique 
and removed as it may affect the postseismic deformation trend 

later for estimating the deformation parameter after the 
earthquake.  

 
2.2 Co- and Postseismic Deformation Parameters 
Estimation 
 
A non-linear minimization scheme using least-square estimation 
method was performed to estimate the postseismic deformation 
parameter simultaneously. Two types of postseismic process 
considered independently are; velocity-strengthening afterslip, 
which follows a logarithmic decay (Kreemer et al, 2006; 
Marone et al., 1991); 
 

)/1ln()( logτtactu ++=                                              (1) 
 

and a relation mechanism, which follows an exponential decay 
(Kreemer et al., 2006; Savage and Prescott, 1978); 
 

)1()( exp/τteactu −−+=                                                   (2) 
 

In (1) and (2), t is time since the earthquake, u(t) is the position 
(north and east), c is the total co- and postseismic offset, a is the 
amplitude associated with the decay, and logτ and 

expτ  are the 

logarithmic and exponential decay time, respectively (Kreemer 
et al. 2006). The post-seismic time series were fitted in to the 
aforementioned deformation function models for both first-
order representations of afterslip and relation process. 

 

 
 

Figure 4. Selected IGS station and location of NGII GPS 
network in Korean Peninsula. 
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2.3 Statistical Analysis 

Goodness-of-fit statistical test is a method that provides a useful 
measure of significance of the difference between two models. 
It was performed to evaluate the suitability of both postseismic 
processes for the earthquake event and to compares how well 

two different models fit a set of data. 2χ  is a sum of squares of 
weighted residuals defined as (Stein and Gordon, 1984) as 
follows; 
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Where u(t)0 is the observation position of sitei,  u(t)m is the 
calculated position of site i from the postseismic model 
(logarithmic or exponential function models),  and N is the total 
number of observations. A good model should have a minimum 

reduced 2χ which indicates the best fitting of deformation 
model estimation. 
 
 

3. RESULTS AND ANALYSIS 

This section provides results and analysis of the preliminary 
findings as follows; 

 

 
 

Figure 3: Daily time series of 3-dimensional coordinate of NGII and IEODO stations before removing linear plate motion. 
 
 

Table 1. Postseismic parameter of logarithmic decay function 

Site 
Position in ITRF2008 Logarithmic1 terms 

Lat (oN) Long (oE) C1
east 

(cm) 
C1

north 
(cm) a1

east (cm) a1
north 

(cm) 
T1

log 
(days) 

2χ 1 

KANR 37.7709 128.8682 -1.555 0.233 0.809 0.722 164.197 1.765 
TEGN 35.9063 128.8020 -1.386 0.399 0.932 0.309 131.581 1.121 
SNJU 36.3792 128.1445 -1.287 0.264 0.786 0.223 129.639 1.059 
SOUL 37.6297 127.0797 -1.600 0.214 0.729 0.202 116.558 1.733 
WULJ 36.9920 129.4130 -1.533 0.201 0.897 0.713 161.301 0.649 
WNJU 37.3372 127.9471 -1.504 0.154 0.862 0.325 129.248 3.077 
JUNJ 35.8435 127.1351 -1.499 0.083 0.755 0.464 143.996 1.852 
CNJU 36.6269 127.4612 -1.535 0.254 0.430 0.159 110.966 1.004 
JINJ 35.1731 128.0497 -1.418 0.225 0.889 0.165 129.853 1.460 

KWNJ 35.1784 126.9102 -1.525 0.327 0.626 0.116 111.052 1.703 
IEODO 32.1228 125.1826 -1.048 0.325 0.303 -1.372 151.409 1.084 
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Table 2. Postseismic parameter of exponential decay function 

Site Position in ITRF2008 Exponential2  terms 

Lat (oN) Long (oE) C2
east 

(cm) 
C2

north 
(cm) 

a2
east 

(cm) 
a2

north 
(cm) 

T2
log 

(days) 
2χ 2 

KANR 37.7709 128.8682 -1.005 0.165 2.003 1.639 334.253 1.522 
TEGN 35.9063 128.8020 -0.837 0.263 2.198 0.885 328.308 2.696 
SNJU 36.3792 128.1445 -0.815 0.289 1.885 0.644 313.332 1.371 
SOUL 37.6297 127.0797 -0.940 0.311 1.907 0.592 281.324 1.274 
WULJ 36.9920 129.4130 -0.842 0.195 2.239 1.621 337.001 1.197 
WNJU 37.3372 127.9471 -0.987 0.249 2.077 0.935 321.612 1.631 
JUNJ 35.8435 127.1351 -0.907 0.213 1.926 0.925 343.949 1.952 
CNJU 36.6269 127.4612 0.001 0.350 -0.014 0.462 318.199 4.136 
JINJ 35.1731 128.0497 -0.885 0.271 2.129 0.483 338.389 1.850 

KWNJ 35.1784 126.9102 -0.804 0.138 1.711 0.593 151.402 2.883 
IEODO 32.1228 125.1826 0.065 -0.117 -0.276 0.651 108.666 1.329 

 
 
 

3.1 GPS-derived Time Series Analysis 

From the high-precision processing of daily solutions between 
2011- mid-2014, ambiguity resolution showed results above 
75%. Positional Root Means Square (RMS) error for all stations 
was below 1mm for horizontal components and between 1.5 
and 2cm for the height components. Figure 3 shows daily 
solution (GPS-derived time series plot) resulted from NGII 
CORS in three components of East, North and Up (GRS80 
ellipsoidal height). The accuracy of Up component does not 
meet the required geodetic specification, thus further 
geodynamics analysis will be mainly for horizontal. 

3.2 Postseismic Deformation Parameter 

Using the corrected daily solutions, the coordinate time series 
matched with the logarithmic and exponential functions. The 
postseismic parameters of logarithmic and exponential functions 
for each NGII and IEODO stations are shown in Table 1 and 
Table 2, respectively. During the calculation, the results shows 

that the averaged logτ  is 134.5 ± 0.1 days while, 

288.7±0.1days, respectively. Meanwhile, the estimated geodetic 
coseismic offsets and postseismic amplitudes for the earthquake 
range between stations from several centimeters to millimeters. 

 
Based on the best matching component of logarithmic and 
exponential function above, the results indicated that 
postseismic parameters for each GPS site have different 
goodness-of-fit results. Station WNJU indicates the maximum 
chi-square value of logarithmic decay function. Meanwhile, 
CNJU produced the the highest chi-square value of exponential 
decay function. It can be suspected due to poor fitting model of 
the functional models for the data. The finding shows that the 
misfit in chi-square term was obtained for GPS coordinate time 
series using the models of logarithmic function that was 0.5 
smaller than that of the exponential function. 
 
This showed that for the 134.5 days after the earthquake, 
deformation mechanism was dominated by velocity-
strengthening afterslip deformation due to the Tohoku-oki 
earthquake in 2011. Since the coordinate time-series data 
captured postseismic deformation for more than 100days, so the 
other postseismic mechanisms should be taken into account. 

This could indicate that the postseismic deformation of the 
Tohoku-oki earthquake was not only caused by a single 
mechanism of velocity-strengthening afterslip, but also 
influenced by the other mechanism of postseismic deformation, 
such as viscoelastic relation, for GPS data of 100days onwards. 

 
 

4. CONCLUSION 

This paper presents the analysis of the postseismic deformation 
parameter estimations from the GPS data in Korea Peninsula 
and IEODO submerged rock. The study demonstrates that the 
data enabled to estimate the postseismic deformation 
parameters. The results concluded that GPS data in Korea 
Peninsula and IEODO during the period of mid 2011 – mid-
2014 are very well matched using logarithmic function with 
smaller average misfit of -2.1 times compared to matching using 
exponential function. The decay time of postseismic 
deformation of 134.5 days indicates that other mechanism of 
postseismic deformation should be taken into account rather 
than a single physical mechanism of afterslip only. 
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