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Postseismic deformation following the 2005 West Off Fukuoka Prefecture
Earthquake (M7.0) derived by GPS observation
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We constructed a temporary GPS network around the aftershock area of the 2005 West Off Fukuoka Prefecture
Earthquake (M7.0) in order to investigate the characteristics of its postseismic deformation. Our GPS network
data, as well as the GEONET data, were analyzed using Bernese GPS software. We detected notable postseismic
deformation in horizontal components close to the fault plane. The observed maximum displacement was 5.6
cm at the GNKI site on Genkaijima Island. A logarithmic law was adapted to the coordinate time series data,
revealing decay times from 2 to 23 days, similar to those obtained for the 2003 Tokachi-oki Earthquake (M8.0).
The amount of postseismic slips on the fault was assessed using the coseismic fault model proposed by the
Geographical Survey Institute (GSI). We derived an optimum fault model of postseismic slip on the shallow (less
than 3 km depth) portion of the fault. Our findings indicate that postseismic slip occurred only in shallow parts
of the coseismic fault.
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1. Introduction
The 2005 West Off Fukuoka Prefecture Earthquake

(M7.0) took place in the northern part of Kyushu, Japan
on 20 March 2005. Kato et al. (1998) estimated the strain
field for the event from displacement rates at the sites of
the nationwide GPS network GEONET and showed that
the strain rate in the focal region was no larger than that
in the surrounding area. No active faults are known in the
source region. However, the NW-SE Kego Fault runs be-
neath Fukuoka City (The Research Group for Active Faults
of Japan, 1991).
Since the 1990s, postseismic deformations have been

clearly observed in Japan, following many large interplate
(Heki et al., 1997; Takahashi et al., 2004) and intraplate
earthquakes (Nakano and Hirahara, 1997; Hashimoto et al.,
2003; Matsushima et al., 2005; Takahashi et al., 2005).
There were no GEONET sites near the focal region of

the 2005 West Off Fukuoka Prefecture Earthquake, includ-
ing nearby islands, such stations would have played a key
role in constraining models of postseismic deformation. We
therefore constructed a dense GPS network, mainly on off-
shore islands, immediately after the main shock. In this
paper we present preliminary results of our analysis of the
GPS data with the GEONET data. These results show dis-
tinctive postseismic deformation, and we consider a plausi-
ble model to explain this deformation.

Copyright c© The Society of Geomagnetism and Earth, Planetary and Space Sci-
ences (SGEPSS); The Seismological Society of Japan; The Volcanological Society
of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sci-
ences; TERRAPUB.

2. GPS Stations and Data Analysis
Ten new GPS sites were deployed immediately after the

occurrence of the 2005 West Off Fukuoka Prefecture Earth-
quake. Figure 1 shows our GPS network together with
GEONET sites and epicenters of the main shock and af-
tershocks determined by the Japan Meteorological Agency
(JMA). FOR0 and QUS0 were set up on the day of the
main shock while observations at four sites (KTZK, GNKI,
SKSM, and NKSM) started on 21 or 22 March 2005. Three
additional GPS sites (TKT0, FKN0, and QUAF) were es-
tablished in the middle of April 2005. Observation at
QUAE started after the occurrence of the largest aftershock
(M5.8) on 20 April 2005. The four sites deployed during
April were located, however, far from the aftershock area,
and were therefore not used in the present analysis because
of the lack of data for the period immediately after the main
shock. We used dual frequency GPS receivers powered
by batteries and solar panels at KTZK, GNKI, SKSM, and
NKSM, while receivers at other sites used AC powers. GPS
antennae were fixed on bolts secured on the roofs of build-
ings. GPS data were sampled every 30 seconds and stored
in the internal memory of the GPS receivers. Some observa-
tions were lost at GNKI, NKSM, and SKSM due to power
failures, and some were lost at FOR0 due to problems with
the GPS receiver.
Bernese GPS software version 5.0 (Hugentobler et al.,

2005) was used for the present data analysis combined with
IGS (International GPS Service for Geodynamics) precise
ephemerides and IERS (International Earth Rotation and
Reference Systems Service) Earth rotation parameters (Al-
tamimi et al., 2002). We also used 17 GEONET sites in
our analysis. The coordinates of the GEONET sites were
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Fig. 1. Location map of GPS sites. Open stars indicate our new GPS sites
constructed after the 2005 West Off Fukuoka Prefecture Earthquake.
Open triangles show GEONET GPS sites operated by GSI. Black
dots and large open circles indicate epicenters of the main shock and
aftershocks determined by JMA for the period from 20 March to 20
April 2005.

Fig. 2. Northward, eastward and vertical displacement time series data for
the GPS sites FOR0, GNKI, KTZK, NKSM, SKSM, and QUS0.

collocated using IGS sites on the International Terrestrial
Reference Frame 2000. We then fixed the GEONET site
950388 (34.76733N, 131.92314E) as the reference point for
this study. The effects of the troposphere were estimated
hourly while site coordinates and the effects of the tropo-
sphere gradient were estimated every 24 hours.

3. Results and Discussion
Figure 2 shows the time series data for GPS sites from 21

March to 27 June 2005. Significant postseismic deforma-
tion in horizontal components is clearly seen at GNKI and
KTZK, while the GEONET site 021062 shown in Fig. 3
also shows detectable postseismic deformations. The max-
imum postseismic displacement during this period was 5.6

Fig. 3. Northward (NS) and eastward (EW) components of displacements
at the GPS sites GNKI, KTZK, NKSM, FOR0, SKSM, and 021062.
Fitted logarithmic functions are shown by solid and dashed curves.

cm at GNKI. In contrast, there were no significant varia-
tions in vertical components.
Transient decay of postseismic deformations has been

generally modeled by either exponential or logarithmic
functions (Donnellan and Lyzenga, 1998). While expo-
nential functions characterize the relaxation of a Maxwell
viscoelastic solid, logarithmic functions are based on the
theory on rate- and state-dependent friction governing post-
seismic slips (Marone et al., 1991). Relaxation times of ex-
ponential functions by previous studies vary from 0.3–1.4
years (Donnellan and Lyzenga, 1998) to 50 days (Nakano
and Hirahara, 1997). Since record lengths in this study are
97 days and may be too short to evaluate, comparing the
previous relaxation times, we did not consider the exponen-
tial law. Instead, the logarithmic law is fitted to the present
data as follows:

y(t) = a ln

(
t

b
+ 1

)

where t is the time in days, and y(t) is the northward or east-
ward displacement. a is the amplitude of the logarithmic
law, and b is the decay time.
Figure 3 shows the time series data of northward and

eastward displacements at GNKI, 021062, KTZK, and
NKSM along with the fitted logarithmic curves. Although
SKSM is located between 021062 and NKSM (Fig. 1), clear
logarithmic decays were not evident on either components
at this site (Fig. 2). The time series data of FOR0 seem to
follow almost a linear function of time rather than the log-
arithmic law, as shown in Fig. 2. FOR0 was located in the
region with small horizontal displacements expected from
a coseismic strike-slip faulting. Then, the postseismic dis-
placement at FOR0 may also be small if the postseismic
slips occurred on the same fault. Estimated decay times
of northward and eastward components are 2–5 days and
6–23 days, respectively, where decay times of the north-
ward component at NKSM (191 days) and the eastward
component at 021062 (0.02 days) were excluded because
these times were much longer and much shorter, respec-
tively, than those at other sites.
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Fig. 4. Observed postseismic deformation from 21 March to 25 June 2005 (solid arrows). Open stars and open triangles show temporary and GEONET
GPS sites, respectively. (a) Open arrows indicate deformation calculated from the GSI fault model with the estimated slip shown in Model A (Table 1).
(b) Open arrows indicated deformation calculated from the shallower fault model, Model B in Table 1.

Table 1. Fault parameters of coseismic and postseismic slips.

Latitude∗ Longitude∗ Depth∗∗ Strike Dip Length Width Slip Rake

(degrees) (degrees) (km) (degrees) (degrees) (km) (km) (cm) (degrees)

GSI’s model (GSI, 2005) 33.7401 130.1798 0.0 301 85 23.9 16.3 70 1

Model A 33.7401 130.1798 0.0 301 85 23.9 16.3 4.8±0.91 0

Model B 33.7401 130.1798 0.0 301 85 23.9 3.0 9.3±1.53 0
∗Position of the midpoint of the fault length.
∗∗Depth of the upper extent of the fault plane.

The estimated decay times of 2 to 23 days are similar to
those estimated by Takahashi et al. (2005) and Matsushima
et al. (2005) for the 2004 mid-Niigata Prefecture Earth-
quake (M6.8); these studies adopted the same logarithmic
law as that used in the present study. The mid-Niigata Pre-
fecture Earthquake was also an inland shallow earthquake,
similar to the 2005 West Off Fukuoka Prefecture Earth-
quake. This indicates that the overall mechanism of post-
seismic slips may be common for this type of earthquakes.
Takahashi et al. (2004) also analyzed the postseismic de-
formation associated with the 2003 Tokachi-oki Earthquake
(M8.0), a large thrust event in a subduction zone along the
Kuril Trench with the logarithmic law; their estimated de-
cay times (4–11 days) are also similar to those of the present
study. This agreement in decay times may suggest that
the temporal characteristics of postseismic slips are simi-
lar, even for interplate and inland earthquakes at least, in
terms of the logarithmic law.
The horizontal vectors of the postseismic deformations

from 21 March to 25 June 2005 are shown in Fig. 4 by
solid arrows, with the GEONET site 950451 as the refer-
ence. The direction of postseismic deformation at 021062 is
quite similar to the observed coseismic deformation shown
in Fig. 5 (GSI, 2005). Fault parameters of the GSI’s model
are listed in Table 1. A simple single fault model is used,
although Uehira et al. (2006) estimated a fault geometry of
the main shock using precise aftershock distribution. Co-
seismic deformations at our GPS sites calculated using the
GSI’s fault model (GSI, 2005) with the Green functions ob-
tained by Okada (1992) are also similar to those of the post-

Fig. 5. Observed and calculated coseismic deformation. White arrows
indicate the observed coseismic deformation at GEONET sites. Black
arrows indicate the calculated coseismic deformation at our temporary
sites, based on the GSIfs fault model (GSI, 2005) and fault parameters
listed in Table 1.

seismic deformations, as shown in Fig. 5. This suggests that
the observed postseismic deformation in this study follows
the same fault plane and slips of the main shock. Postseis-
mic deformation at 021062 can be explained by 4.8 cm of
postseismic slips on the entire GSI fault model (Model A in
Table 1) using the least-squares method (LSM); this repre-
sents about 6.9% of the coseismic slip. Postseismic slips of
the Model A were assumed strike slips because strike slips
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Fig. 6. Variance versus fault width assumed for the least-squares estima-
tion of postseismic slip (see text for details).

of the GSI model for the main shock are dominant.
Marone et al. (1991) proposed a logarithmic formula for

postseismic slips based on a model in which postseismic
slips occur only on shallower regions of the coseismic fault.
We attempted to estimate areas on the coseismic fault where
postseismic slips were localized. We varied the fault width
from 1 to 8 km at 1 km intervals and 16.3 km, fixing the
other fault geometries (Model B in Table 1). Postseismic
slips of the Model B were also assumed to be strike slips.
Postseismic slips for each width value were estimated by
LSM and squared variances are shown in Fig. 6. From
these calculation, we derived an optimum fault width of
3 km. Comparison between displacements estimated from
the best fit model and observed ones is shown in Fig. 4(b).
The postseismic slip on the fault amounts to 9.3 cm, about
13% of the coseismic slip. This model (Model B in Ta-
ble 1) clearly shows a better fit than Model A (displace-
ments shown in Fig. 4(a)), suggesting that the postseismic
slip occurred only on a shallower part of the coseismic fault.
Nishimura et al. (2006) found that large coseismic slips
were concentrated on the shallower part (depths of 0 to 10
km) of the fault using GPS and InSAR data. The postseis-
mic slip area corresponds in position to the shallower part
of the large coseismic slip area.

4. Conclusion
We constructed a new dense GPS network in the after-

shock area of the 2005 West Off Fukuoka Prefecture Earth-
quake immediately after the main shock and analyzed data
from the temporary sites together with those of GEONET.
We found notable postseismic deformations in coordinate
time series data which obey logarithmic functions. The
characteristic decay time is 2–23 days, similar to that of the
past interplate and shallow inland earthquakes. We also ob-
tained an optimum fault model with a width of 3 km, to ex-
plain the observed postseismic deformations. This suggests
that the postseismic slips were localized in a shallower part
of the coseismic fault.
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