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Fig.1 Distribution of GPS observation sites. Solid 

circles and diamonds show DPRI and GEONET sites, 

respectively.  GEONET sites used in the analysis are 

shown by larger diamonds.
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Fig.2 Daily variation in coordinates at 970826 

(Kozagawa) before and after the replacement of 

antenna on May 20, 2003 (2003.38), analyzed with 

PPP by GIPSY.  Notice the difference in scale 

between horizontal and vertical components. 
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Fig.3 Temporal variations in E-W, N-S and U-D components of site coordinates in ITRF2000 from upper to lower, 

respectively.  Left and right panels show those of GEONET and DPRI sites, respectively.



Fig.4 Average horizontal velocities during March, 2001 

to March, 2004 relative to the stable Amurian plate 

Fig.5 Average vertical velocities at the sites whose 

effects of antenna replacement are corrected or that 

does not suffer from antenna replacement or shading by 

trees. 

Fig.6 Distribution of components of velocities parallel 

to the relative motion of the Philippine Sea plate to 

the Amurian plate. Upper and lower panels show 

distribution depending on latitude and longitude, 

respectively.  Stars show the theoretical velocities 

calculated for the slip deficit rates shown in Fig.9(a). 
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GEONETFig.7 Distribution of components of velocities parallel 

to the relative motion of the Philippine Sea plate to 

the Amurian plate aligned in this direction. See also 

legend of Fig.6. 
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Fig.8 Resolution test for slip deficit rate. Synthesized velocities for 0 or 50mm/yr slip deficit rate on each segment 

are inverted. Each panel shows distribution of estimated slip deficit rates. Left and Right panels show results with or 

without DPRI sites, respectively. 
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Table 1 Fault parameters used in inversion. Lat. and Lon. indicate latitude and longitude, respectively. L, W, H 

are length, width and depth of upper margin of each segment, respectively, in km.  Vh and Vd show strike and 

dip slip components of slip deficit rate, respectively, in mm/yr.  V is total slip deficit rate and Rake is its rake 

angle.  Slip deficit rates correspond to those in Figure. 9(a). 

Lat. Lon. L W H Strike Dip Vh Vd V Rake

9 Segments of Saigya and Thatcher (1999) 

32.74 135.7779 

2004 2

3

GEONET

2 3 8

GEONET Table 1

100 54 5 254 11 54.96+-18.59 -44.63+-17.37 70.8 320.92

33.022 136.7921 100 53 5 252 11 43.08+-18.19 -36.95+-12.56 56.75 319.38

33.151 135.2423 50 57 15 248 10 40.36+-14.35 -45.80+-16.51 61.05 311.38

33.222 135.7699 50 43 15 261 14 62.40+-12.34 -53.16+- 9.72 81.97 319.57

33.323 136.293 50 50 15 257 12 24.55+-11.78 -42.83+-11.13 49.37 299.82

33.551 136.7579 50 60 15 240 10 37.20+-12.05 -53.42+-16.23 65.09 304.86

33.513 135.3405 50 25 25 281 23 37.60+-16.05 -20.36+-15.85 42.76 331.56

33.679 135.8432 50 24 25 249 24 41.59+-13.36 -35.15+-13.76 54.46 319.8

33.948 136.2771 50 21 25 233 29 60.96+-16.00 -52.30+-16.77 80.32 319.37

Deeper extensions 

33.716 135.3873 50 25 35 281 23 52.57+-17.58 -41.88+-17.97 67.22 321.46

33.863 135.7582 50 24 35 249 24 52.87+-17.49 -34.06+-15.68 62.89 327.21

34.08 136.1573 50 21 35 233 29 63.26+-17.69 -44.54+-18.24 77.36 324.85

Fig.9 Estimated slip deficit rates: (a) in case of 9 original segments of Sagiya and Thatcher (1999) and 3 deeper 

extensions. (b) in case of 9 original segments. 

(a) 

(b)
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Table 2 Fault parameters modified from Yagi (2004) . Lat. and Lon. denotes latitude and longitude of a corner of 

fault. L, W, and H are length, width and depth of the upper margin of fault in km. Strike is measured clockwise 

from the north. U is slip in m. 

Lat.(deg) Lon.(deg) L(km) W(km) U(m)H(km) Strike(deg) Dip(deg) Rake(deg)

33.10 137.28 40 25 5 315.0 90.0 150.0 1.36

33.20 136.54 85 22 10 85.0 40.0 90.0 1.62

Fig.10 Coseismic displacements of GPS sites relative 

to the stable Amurian plate derived from DPRI (pred.: 

white arrows) and GEONET (obs.: black arrows) 

observations. Those at DPRI sites are estimated by the 

interpolation of displacement field of GEONET sites 
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Fig.11 Comparison of obtained displacements with those 

calculated for the fault model modified from that Yagi 

(2004).  Theoretical displacements are calculated for 

one thrust fault model (upper) and combined model 

(lower) of thrust and vertical right-lateral slip faults. 

Black and white arrows show observed and calculated 

displacements, respectively.  Shaded rectangle and 

thick solid line show assumed fault segments. The 

former is thrust, while the latter is vertical fault with 

right lateral slip. Thick gray arrows show the horizontal 

projection of slip vectors of faults.  Stars show 

epicenters of foreshock, mainshock and the largest 

aftershock determined by NIED (2004). 
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GPS observation across the hinge-line in Kii peninsula: 

Estimate of interplate coupling and deformations associated with 2004 SE off Kii peninsula 

earthquakes 
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Kazutoshi SATO*, and Kohei SEGAWA* 

* Graduate School of Science, Kyoto University 

Synopsis 

    We have been conducting campaign survey of GPS in southern Kii peninsula, southwest Japan, to 

estimate interplate coupling since 2001.  Analysing the data from this observation and GEONET by 

Geographical Survey Institute, we obtained about 40mm/yr at Kushimoto, the southern tip of the 

peninsula, and 28mm/yr at Inami, in the middle of the peninsula, in the direction of NW with relative to 

the Amurian plate.  High coupling ratio is required not only on the interface between overlying and 

subducting plates including the source region of 1946 Nankaido earthquake and but also on its deeper 

extension.  Since strong coupling is inconsistent with high temperature on deeper extensions, this 

suggests a significant rigid rotation of outer arc of the southwest Japan.   

During the campaign SE off Kii peninsula earthquakes took place in September, 2004.  

Reoccupation of our network revealed southward coseismic displacements by up to 2cm in the eastern 

part of the network.  Displacements decreases but are rotated clockwise on the west coast of Kii 

peninsula. These characteristics of horizontal displacement field cannot be explained only by a pure thrust faulting, 

but additional sources such as right-lateral faulting on a NW-SE trending fault are required.

Keywords: Nankai earthquake, GPS, interplate coupling, SE off Kii peninsula earthquakes


