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Detectability for GPS, EDM and tiltmeters of the Hot Springs Research Institute in
the western Kanagawa prefecture, Japan
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To better understanding the observation data, we attempt to assess the detectability for the crustal deformation
observation network of the Hot Springs Research Institute of Kanagawa prefecture (HSRI). The HSRI has carried
out continuous monitoring of crustal deformation with GPS, EDM, borehole tiltmeters, groundwater leveling since
1989. Our observation purpose is to detect the pre-, co- and post-seismic deformations of the hypothetical M7
class earthquake designated as the “Western Kanagawa Prefecture Earthquake (WKE)”. In order to estimate the
detectability, we apply a simple calculation method, that is comparing between co-seismic deformation (displacement
and tilt) and the accuracy of observation instruments. Co-seismic deformation is calculated using the Okada’s method,
which is a formulation of the expected crustal deformation due to seismic faulting as a function of an earthquake
magnitude and a hypocentral distance without assuming focal mechanism. It is indicated that the highest detectability
area is located in the center of our HSRI observation network. Comparing detectability contour maps for several
kinds of networks, we can find that the detectability of the co-seismic deformation by the tiltmeter network is higher
than those by the GPS and EDM networks in the case of the M5 class earthquake with a focal depth of 10 km, and
that the detectability by the GPS network is almost equal to that by the EDM network in the case of the M6 class
earthquake with a focal depth of shallower than 15 km. For M4 class earthquakes, it is difficult for the GPS, EDM
and tiltmeter networks to detect co-seismic deformation. The present result shows advantageous characteristics of
the HSRI geodetic network and an important constraint on investigating the pre-, co- and post-seismic deformation
of the WKE. To monitor the pre-, co- and post-seismic deformation of the WKE, it is necessary to combine these
observations in the most effective way.

1. Introduction
The study area is located in the northeastern part of the

Izu Peninsula and has repeatedly experienced large earth-
quakes with magnitudes of 7 to 8. This can be attributed to
the facts that the Izu Peninsula is colliding with the Honshu
Arc although the Philippine Sea plate is subducting from the
Sagami and Suruga-Nankai troughs. According to the histor-
ical data, large earthquakes have occurred in a cycle of about
70 years in the region (Ishibashi, 1988). Since the previous
devastating earthquake was the Kanto earthquake of 1923,
which caused the largest damage to Odawara and Hakone, it
has been pointed out that the next disastrous earthquake can
be expected in the near future. The Kanagawa prefectural
government named this hypothetical M7 class earthquake as
the “Western Kanagawa Prefecture Earthquake (WKE)”.

In order to detect the pre-, co- and post-seismic deforma-
tion of the WKE, the Hot Springs Research Institute of Kana-
gawa prefecture (HSRI) has carried out continuous moni-
torings of seismicity and crustal deformation (GPS, EDM,
borehole tiltmeters, and groundwater leveling) since 1989.
All the data are telemetered to the HSRI in Odawara, and
continuous scientific analyses of the data have been made by
the HSRI.
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To apply effectively these three kinds (GPS, EDM and
tiltmeters) of the networks for investigating the pre-, co- and
post-seismic deformations of the WKE, we need to know
their own advantageous characteristics.

Komukai and Ishii (1978) investigated on the detectability
of co-seismic deformation by the crustal deformation net-
work of Tohoku University in and around northeast Japan.
They found that the detectability of strain components was
better than that of tilt components, and that their network
could observe strain-steps for earthquakes with magnitudes
larger than 7, occurred along the Japan trench. On the other
hand, several researchers have studied the detectability of
co-seismic deformation by using a hypothesized fault model.
Kogita (1985) and Shimazaki (1985) discussed a pattern of
temporal change of strain caused by a pre-slip of the Tokai
earthquake, based on the data obtained by the Japan Meteoro-
logical Agency strain meters. Ishii and Kato (1989) showed
the detectability of precursors related with the 1923 Kanto
earthquake by using GPS, EDM and strainmeters of Tokyo
University. Okada (1993) estimated the anticipated crustal
deformations due to the hypothetical WKE fault models pro-
posed by many researchers, and assessed the contribution of
each station to detection of a pre-slip for each model.

According to the conventional method similar to a future
Tokai earthquake (Kogita, 1985; Shimazaki, 1985) and the
1923 Kanto earthquake (Ishii and Kato,1989), we have to
hypothesize the WKE fault model. Unfortunately, although
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many researchers have proposed various kinds of WKE fault
models (e.g., Okada, 1993), any reliable models are not yet
known at present. Thus, we attempt to assess the detectability
for our HSRI network by comparing between the accuracy of
each monitoring system (GPS, EDM and tilt meters) and the
synthesized co-seismic deformation, which can be estimated
from an earthquake magnitude and a hypocentral distance.

2. The Crustal Deformation Observation Network
Since 1989, the HSRI has gradually installed 4 Global Po-

sitioning System (GPS) receivers, 2 Electric Distance Meter
(EDM) networks, 8 borehole-type tiltmeters and 6 ground-
water level observations in the western area of Kanagawa
prefecture (HSRI, 1999).

Our GPS receivers encircle the other observation sites
(EDM, tiltmeter and groundwater level observation sites) in
the western Kanagawa prefecture (Fig. 1). Each GPS obser-
vation site is equipped with a Trimble 4000SSE GPS receiver
and a Geodetic antenna, which is stably fixed on a building or
architecture. The stations are operated continuously, record-

Fig. 1. Station map for continuous monitorings of seismicity and crustal
deformation of the Hot Springs Research Institute of Kanagawa prefecture
(HSRI). The upper is tectonic map of Japan (PAC, Pacific plate; PHS,
Philippine Sea plate).

ing GPS observables every 30 seconds. Automated down-
loads of 6 hours’ session data are performed 2 times every
day. After download, an automated computer analysis sys-
tem equipped with the TRIMVEC-PLUS (Ver.E) software
processes all the GPS data at the HSRI (Tanada et al., 1995).
An average spacing of GPS network is about 20 km. The
maximum and minimum baseline lengths are about 29.3 km
and 16.4 km, respectively. The accuracy of observation is
5 mm + 1 ppm of baseline length for a horizontal distance
survey (HSRI, 1999).

2 EDM networks are located in the Odawara and Hakone
areas (Fig. 1). Each EDM network has 5 baselines and is
equipped with a distance meter WILD DI3000, a thermome-
ter, a hygrometer and a barometer. We use the same system
as developed by Tsuneishi (1991). Every prism is stably
fixed on bedrock or architecture. Measurements are auto-
matically performed every hour. These data are downloaded
every day through the NTT telephone line. The accuracy
of observation is 3–5 mm + 1 ppm of baseline length. The
minimum and maximum baselines length of the Odawara
EDM network are about 3.8 km and 11.4 km, respectively.
The error of measurement is ±7–9 mm for the minimum
baseline and ±14–16 mm for the maximum baseline. In the
Hakone EDM network, the minimum and maximum base-
line lengths are about 1.2 km and 3.6 km, respectively. The
error is ±4–6 mm for the minimum baseline and ±7–9 mm
for the maximum baseline (HSRI, 1999).

8 borehole-type tiltmeters have been installed at the bot-
toms of about 100 m depth boreholes in the study area (Fig. 1).
Each observation site is equipped with a tiltmeter Akashi
JTS-23 (Sato et al., 1980), a thermometer, a rain gauge and a
barometer. Measurements are automatically performed ev-
ery second. The data are transmitted through the NTT D-1
lines to the HSRI on a real-time. The accuracy of observation
is 0.01-second degree (Yamaki et al., 1990; HSRI, 1999).

3. Detectability Analysis
To estimate the detectability, we apply a simple calculation

method, and compare the amount of a co-seismic deforma-
tion (displacement and tilt) with the accuracy of observation
instrument.

Co-seismic deformation is calculated at observation points

Fig. 2. The model configuration for calculation of co-seismic deformation.
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Fig. 3. The contour maps of the detectability for the GPS, EDM and tiltmeter networks. The contour values in the map show earthquake magnitude for
detectable the baseline-length change and co-seismic tilt deformation. The focal depths are shown under each frame.

for earthquakes with various magnitudes and hypocentral
distances using the method of Okada (1992). He formulated
the maximum crustal deformation due to seismic faulting as
follows:

log Umax = 1.5M − 2 log R − 6.0

log Fmax = 1.5M − 3 log R − 10.7,

where Umax and Fmax are the maximum displacement (cm)
and tilt, respectively, M denotes an earthquake magnitude,
and R a hypocentral distance. This approach enables us
to estimate the maximum value of co-seismic deformation
without assuming a focal mechanism.

Figure 2 shows the calculation model in the present study.
The maximum co-seismic displacement and tilt caused by
each of earthquakes with magnitudes from 4 to 6 and focal
depths from 5 to 20 km are calculated.

The GPS and EDM networks will be able to record a clear
change of baseline-length, which is defined here to be a dif-
ference between estimates of Umax at two observation points,
when the baseline-length change exceeds the threshold value.
This critical value is determined from the accuracy of GPS
and EDM instruments described in the previous section. The
tiltmeter network will be able to record a clear co-seismic tilt
deformation, when the maximum co-seismic tilt deformation
exceeds the accuracy of tiltmeter instrument.

4. Results and Conclusions
Figures 3(a) and (b) show the detectability of the baseline-

length change for the GPS and EDM networks. Figure 3(c)

shows that of the co-seismic tilt deformation for the tiltmeter
network. As a whole, the highest detectability area is lo-
cated in the central part of our HSRI observation network.
The contour values in the map show earthquake magnitude
for detectable baseline-length change and co-seismic tilt de-
formation.

Comparing detectability contour maps for several geodetic
networks, we find remarkable results as follows:

(1) For M = 6 earthquakes, GPS, EDM and tiltmeter
networks possibly record the baseline-length change due to
earthquakes with focal depths less than 15 km in the western
Kanagawa. The GPS network can widely detect the base-
line length change than the EDM network. Moreover, GPS
also detects that due to a deeper focus 20 km earthquake
occurring near the stations. These results mean that in the
case of calculation model, longer baselines surveyed by GPS
are advantageous for the measurement of the baseline-length
change than shorter baselines surveyed by EDM.

(2) For M = 5 earthquakes, tiltmeters possibly detect the
co-seismic tilt deformations due to earthquakes with focal
depths less than 10 km occurring around the network. How-
ever, the GPS and EDM networks can detect the baseline
length change due to a shallower focus 5 km earthquake.

(3) Concerning M = 4 earthquakes, it is difficult for the
GPS, EDM and tiltmeter networks to detect the baseline
length change and the co-seismic tilt deformation.

The reliable mechanisms of the pre- and post-seismic
deformations associated with the WKE are not known at
present. Thus, we simply assume that such deformations are
roughly in the same order of the co-seismic deformation due
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Fig. 3. (continued).

to an earthquake smaller than the M7 class WKE, though
plausibility of this assumption should be checked otherwise.
On the basis of the above mentioned results of the co-seismic
deformation detectability for our HSRI observation network,

we can detect the pre- and post-seismic deformations equiv-
alent to that due to the M6 class earthquake with a focal
depth shallower than 15 km. We find also that our tiltmeter
network can effectively observe deformations of M5 class
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earthquakes with focal depths shallower than 10 km.
The present result shows advantageous characteristics of

our HSRI networks and an important constraint on inves-
tigating the pre-, co- and post-seismic deformations of the
WKE. To better assessment for the monitoring of these de-
formations, it is necessary to establish the hypothesized WKE
fault model and to combine these observations by consider-
ing their characteristics.
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