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Abstract

Since 1992, crustal deformation at and around the Yake-dake volcano in the Hida mountains,
central Japan, has been measured by the geodetic survey with a Global Positioning System (GPS),
and the temperatures of fumaroles at the Yake-Dake volcano have been measured with a radiation
thermometer since 1993. The GPS network, established at and around the Yake-dake volcano, Hida
mountains, and in the Matsumoto basin, consists of five observation stations: Yake-dake, Kamiko-
chi, Nakao, Kurio, and Shinshu University (Matsumoto city). The Yake-dake station is located at the
Yake-dake observation platform, which is near the top of the mountain, and the Kamikochi and the
Nakao stations are located at the foot of the volcano. The Kurio station is located at the middle foot
of Mt. Nishihotaka-dake, and its altitude (2199 m, WGS84) is almost the same as that of Yake-dake
station (2176 m). Observed data were analyzed using the broadcast ephemeris and the default
meteorological values with the double difference technique.

From the present GPS measurements, it was found that, for the baseline between Yake-dake
and Kurio, about 3.7km in length in the north-south direction, the temporal change of baseline
length during the twelve years from 1996 to 2008 contracted —7cm (—20 ppm), and the variation of
upheaval at Yake-dake became +3cm during the same period, when fixed at Kurio (Nishihotaka-
dake). On the other hand, for the baseline between Kamikochi and Nakao, located at the foot of the
Yake-dake volcano, about 5.3 km toward the northwest-southeast direction, the temporal change of
baseline length became within 1cm (2ppm) during the sixteen years from 1992 to 2008. Crustal
deformation at and around the Yake-dake volcano during the last sixteen years, 1992-2008, and
temperatures of fumaroles at the Yake-dake volcano during the last fifteen years, 1993-2008 are
reported and discussed in the present study.
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Fig. 1. The locations of GPS stations of Shinshu
University used in the present study at and around
the Yake-dake Volcano in the Hida mountains and
in the Matsumoto basin. YKD shows Yake-dake;
KRO, Kurio; NKO, Nakao; KMK, Kamikochi; SHU,
Shinshu University. HIDA MTS shows the Hida
mountains and MB shows the Matsumoto basin.
ISTL is the Itoigawa-Shizuoka Tectonic Line called
the East Matsumoto Basin Fault at the Matsumoto
basin.
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Fig. 2. The locations of GPS stations of Shinshu Uni-
versity used in the present study at and around the
Yake-dake Volcano. YKD shows Yake-dake. KRO
shows Kurio, located at the middle foot of Mt.
Nishihotaka-dake. NKO and KMK show Nakao and
Kamikochi, respectively, located at the middle foot
of the Yake-dake Volcano. Each station is plotted
on a map that is simplified from the geological map
after Harayama (1990,1994). The cross-section between
A and B is shown at right corner in this figure.
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Fig. 3. Epicenter distribution of the northern part of
Nagano Prefecture from Jan. 1997-Dec. 2005, M >0,
determined by the Earthquake Research Institute,
University of Tokyo (Tsukuda, 2006). Straight line
connecting Kurio (KRO) and Shinshu University
(SHU) shows the baseline in the present study. A
shows the epicenters of the 1998 Hida earthquake
swarm.
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Fig. 4. Temporal changes of baseline lengths between Yake-dake (YKD) and Shinshu-University
(SHU) sites for 1996-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Temporal changes of baseline lengths between Nakao (NKO) and Shinshu-University

(SHU) sites for 1996-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Temporal changes of baseline lengths between Kamikochi (KMK) and Shinshu-University

(SHU) sites for 1994-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 7. Temporal changes of baseline lengths between Kurio (KRO) and Shinshu-University(SHU)
sites for 1994-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 8. Temporal changes of baseline lengths between Yake-dake (YKD) and Kurio (KRO) sites
for 1996-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 9. Temporal changes of the horizontal component in the north-south direction of GPS

coordinates at Yake-dake (YKD) site, when fixed at Kurio (KRO).
shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 10. Temporal changes of the horizontal component in the east-west direction of GPS
coordinates at Yake-dake (YKD) site, when fixed at Kurio(KRO). Upward shows to east. A

shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 11.

Temporal changes of vertical component in GPS coordinates at Yake-dake (YKD) site, when fixed
at Kurio(KRO). Upward shows to upheaval. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 12. Temporal changes of baseline lengths between Yake-dake (YKD) and Nakao (NKO) sites
for 1992-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 13. Temporal changes of baseline lengths between Yake-dake (YKD) and Kamikochi (KMK)
sites for 1992-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 14. Temporal changes of baseline lengths between Kamikochi (KMK) and Nakao (NKO) sites
for 1992-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 15. Temporal changes of the horizontal component in the north-south direction of GPS
coordinates at Kamikochi (KMK) site, when fixed at Nakao (NKO). Upward shows to north. A
shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 16. Temporal changes of the horizontal component in the east-west direction of GPS

coordinates at Kamikochi (KMK) site, when fixed at Nakao (NKO).

Upward shows to east. A

shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 17. Temporal changes of vertical component in GPS coordinates at Kamikochi (KMK) site,

when fixed at Nakao (NKO).
Hida earthquake swarm.
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Fig. 18. Temporal changes of baseline lengths between Nakao (NKO) and Kurio (KRO) sites for
1996-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 19. Temporal changes of baseline lengths between Kamikochi (KMK) and Kurio (KRO) sites
for 1994-2008. A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 20. The locations of fumaroles at the Yake-dake
Volcano used in the present study.
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Temporal changes of temperatures at the fumaroles zone (W) for 1993-2008. A shows the
beginning of the 1998 Hida earthquake swarm.
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Fig. 22. Temporal changes of temperatures at the fumaroles zone (X-1) for 1993-2002.
A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 23. Temporal changes of temperatures at the fumaroles zone (X-2) for 1993-2008.
A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 24. Temporal changes of temperatures at the fumaroles zone (T) for 1993-2008.
A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 25. Temporal changes of temperatures at the fumaroles zone (Y-1) for 1993-2002.

A shows the beginning of the 1998 Hida earthquake swarm.

Y-2

—>

100

—p—

90 *

y————1
-
e
9
.
b—e—i

80 $

[

70

TEMPERATURE (°C)

60

50

1993 1995 1997 1999

2001

2003 2005 2007 2009

Fig. 26. Temporal changes of temperatures at the fumaroles zone (Y-2) for 1993-2008.
A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 27. Temporal changes of temperatures at the fumaroles zone (Z) for 1993-2008.
A shows the beginning of the 1998 Hida earthquake swarm.
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Fig. 28. Temporal changes of temperatures at the fumaroles zone (U) for 1993-2000.
A shows the beginning of the 1998 Hida earthquake swarm.

Table 1. GPS station coordinates (WGS84) used in the present study.

Site Latitude Longitude Height
Shinshu-U. (SHU) N 36° 15" 04.92909” E 137° 58 39.62820” 686. 101m
Nakao (NKO) N 36° 15" 27.84281” E 137° 34’ 27.03098”  1199. 198m

Yake—Dake (YKD) N 36 14’ 06.75464” E 137° 35 32.93994”  2176.279m
Kamikochi  (KMK) N 36° 13" 23.97857” E 137° 36" 54.94562”  1553.07Im
Kurio (KRO) N 36° 16’ 04.67046” E 137° 36" 07.59497”  2199. 390m
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