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Kuwahara, Hisao Ito, Akio Cho, Takashi Satoh and Eikichi Tsukuda (2004) Estimation of barometric
responses of groundwater levels at observation stations of the Geological Survey of Japan, AIST in
and around the Kinki district. Bu/l. Geol. Surv. Japan, vol. 55(5/6), p.129 - 152, 32 figs., 2 tables.

Abstract: AIST has been measuring the groundwater level of wells in order to detect crustal move-
ments. We analyzed the barometric responses of the groundwater levels to understand the hydraulic
characteristics of the well and stratum. These information are useful to exactly evaluate detection
capability of the crustal movements. The groundwater levels have been measured at 26 wells of 21
observation stations in and around the Kinki district mainly since 1996. We describe the three phe-
nomena, which affect the barometric responses of the groundwater levels, and the characteristics of
frequency dependence caused by each phenomenon. We calculated the frequency dependence of the
barometric response of the groundwater level for each AIST observation well. The characteristics of
frequency dependence of the barometric responses fall into several standard patterns. From the char-
acteristics at each well, we estimated what phenomena affected the groundwater level. There are some
wells of which the groundwater levels were largely affected by rainfall and the barometric responses
could not be well estimated. We also compared the tidal response with the barometric response at each
well. At some wells, the barometric responses of the groundwater levels were not consistent with the
tidal responses of the groundwater levels. The possible causes of the inconsistency were discussed.

Keywords: groundwater level, barometric response, frequency dependence, well-aquifer system,
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Fig.1 Distribution of the observation stations of the Geological
Survey of Japan, AIST.
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Fig.2 Schematic illustration of the effects of the groundwater level
to the barometric pressure change.

PR EATL GEIT§2. 1D HIE 58— RS THEC 7=
FESIE% RE S 572012 P AL LK RE & DR % KA
BEIT285 (1) Thd. TNEIHTIHHEOMRTHS. 2
D HE AR AT 72 IR EZALIZ KD EC 2365 0
W R DR AKEE D% RET 572012 4 KId & 2 D
BEOHRE L D% KPR 5815 (2) TH%. 3D HIE,
R T ORI LB DO ZERIEIZENEL S0,

—130—



PESERAHR A WFZEA e R ARBUIN A T DMy AR O KSR E (UES)

SR PERRAF OB AL

Table 1 Description of the observation stations of the Geological Survey of Japan, AIST.

BRI s  EE BE = HFZEE AL -—7F  HE
(m) (m) RE(m)

W BND 34.141N  134.517E 25 502 419-430 Qs
g GOJ 34.387N  135.707E 236 334 313-330 PTv
s NE HKSi 35.123N  136.507E 116 511 491-511 Qs
5 HeE HKSo 35.123N  136.507E 116 290 100-110 Qs
e HNO 35.186N  135.857E 476 262 235-246  PTs
T4 HRB  34.580N  134.972E 36 747 630-650 PTv
T HTS 35.151IN  136.256E 125 515 338-360 Qs
pyelai! IKD 34.816N  135.439E 35 680 540-561 Qs
BN IKH 34.511N  134.900E 80 1000 224-246 PTv
el ING  34.887N  135.374E 85 1000 700-823  PTs
Y . KNM 35.495N  136.215E 110 250 178-195 Qs
N KRY 34.572N  135.751E 40 602 412-434 PTv
2% AT KWNi 35.073N  136.652E 76 300 264-280 Qs
&8 HNE KWNo 35.073N  136.652E 76 100 67-84 Qs
RE NGR 34.279N  135.331E 90 625 402-446 Qs
[P NNN 35.215N  136.616E 12 458 427-442 Qs
HE T OBK1 34.908N  135.811E 52 389 357-374  PTs
HE FL2 OBK2 34.909N  135.814E 59 122 96-113 PTs
KE OHR 35.107N  135.822E 217 272 256-267  PTv
[iizpig SED 34.317N  134.748E 3 253 210-225 Qs
Fix TKZ 34.818N  135.336E 82 1000 188-210  PTs
XEF TNN  34.656N  135.515E 10 603 447-464 Qs
TEA YSK 35.018N  134.607E 150 150 132-137 PTs
RE 7FL1 YST1 34.982N  134.611E 126 280 254-265  PTs
RE FL2 YST2 34.982N  134.611E 126 155 144-150  PTs
728 73 YST3 34.982N  134.611E 126 155 144-150 PTs

Qs: Quaternary sedimentary rocks55 [ CHERE &

Ts: Tertiary sedimentary rocks 5 = ficH#E A
Tv: Tetiary volcanic rocks5 =#2 X IU%E
PTs: Pre-Tertiary sedimentary rockss8 = #C LR D HEFE &
PTv: Pre-Tertiary volcanic rocks5 =#2 AT DX ILA
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Schematic diagram of the static response. (a)
Response to step-like barometric pressure
change in time domain. (b) Response of the
groundwater level to the barometric pressure
change in frequency domain.
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Schematic diagram of the effect of the phe-
nomenon (1). (a) Response to step-like baro-
metric pressure change in time domain includ-
ing the static response. (b) Effect of the phe-
nomenon (1) in frequency domain. The com-
ponent of static response is excluded from these
figures, unlike in the case of (a).
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Fig.6 The effect of the phenomenon (3).
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Table 2 The tidal responses of the groundwater levels at the observation stations.

A= s AR a8 ZMEXL (RRE) BERE  (8BE)
degree mm/10-8
& Eh
R BND  2003/03/01-2003/07/16 o1 -20.315 (5.949) 14.525 (1.509)
M2 -14.984 (1.000) 11.411 (0.199)
AfE GOJ  2000/12/09-2002/12/24 o1 -24.536 (0.243) 9.420 (0.040)
M2 -23.751 (0.047) 8.338 (0.007)
1 RE HKSi  1999/11/07-2001/09/02 o1 -54.488 (1.980) 1.001 (0.034)
M2 -61.406 (0.525) 0.562 (0.005)
g 4 HKSo 1999/12/08-2001/07/30 o1 -99.554 (33.267) 0.020 (0.011)
M2 -57.832 (9.452) 0.016 (0.003)
e HNO  2000/03/18-2001/07/30 o1 -2.559 (1.651) 15.413 (0.443)
M2 -0.853 (0.272) 14.313 (0.068)
TR HRB  2002/01/21-2002/12/26 o1 -152.880 (2.691) 12.337 (0.580)
M2 -150.356  (1.026) 7.840 (0.140)
FTH HTS  1999/08/12-2001/09/03 o1 -55.389  (6.528) 1.867 (0.212)
M2 -76.001 (2.022) 0.882 (0.031)
pief = IKD 1996/07/10-1997/07/05 o1 -54.743 (1.128) 5.824 (0.115)
M2 -64.119  (1.009) 3.328 (0.059)
BK IKH 2000/11/05-2002/10/24 o1 -130.106 (0.257) 65.561 (0.294)
M2 -49.720 (0.262) 11.066 (0.050)
#all ING 2001/11/20-2002/12/24 (o) -84.775 (1.028) 0.744 (0.014)
M2 -81.884 (1.230) 0.360 (0.008)
P 7l S KNM  1998/05/21-1999/01/07 o1 -18.788 (0.704) 11.677 (0.144)
M2 -34.121 (0.253) 10.259 (0.045)
k& KRY  2002/04/01-2002/11/30 o1 -5.392 (1.868) 14.748 (0.481)
M2 -17.905 (0.319) 14.485 (0.081)
28 NE KWNi  1999/11/26-2000/11/06 o1 -90.632 (5.508) 0.083 (0.008)
M2 -92.287 (2.251) 0.059 (0.002)
28 HNE KWNo 2000/09/23-2001/07/27 o1 17.024 (15.688) 1.277 (0.349)
M2 -1.083 (1.769) 1.730 (0.054)
REK NGR  2000/02/03-2001/09/30 o1 -64.611 (9.278) 0.074 (0.011)
M2 -68.795 (6.273) 0.048 (0.005)
[P NNN  2002/01/10-2004/01/06 o1 -19.590 (5.572) 21.669 (2.108)
M2 -56.021 (0.377) 53.376 (0.351)
BHEE L1 OBK1 2000/01/26-2001/08/09 o1 -3.209 (1.042) 11.819 (0.215)
M2 -4.872 (0.147) 12.700 (0.033)
BE L2 OBK2 2000/01/26-2001/08/08 o1 -3.330 (1.676) 5.688 (0.166)
M2 1.778 (0.393) 5.903 (0.040)
PN OHR  2000/01/21-2001/07/16 o1 5187 (2.354) 13.643 (0.560)
M2 -0.240 (0.336) 14.145 (0.083)
izpd SED  2000/03/30-2002/04/23 o1 -70.436 (2.425) 39.711 (1.683)
M2 -168.528 (0.474) 10.543 (0.087)
FIR TKZ  1997/04/27-1998/03/22 o1 3.726 (5.106) 21.820 (1.945)
M2 0.666 (0.713) 20.943 (0.261)
XEF TNN  2000/07/30-2002/10/29 o1 -12.176  (0.631) 5.217 (0.057)
M2 -30.413 (0.136) 4.451 (0.010)
=ZEL YSK  2000/10/12-2002/10/01 o1 16.698 (0.107) 31.385 (0.059)
M2 9.103 (0.042) 46.096 (0.033)
®E fL2 YST2  2000/01/25-2000/12/06 (o) -9.042 (3.216) 12.731 (0.714)
M2 -13.896 (0.428) 15.710 (0.117)
=®E I3 YST3  2000/01/30-2000/12/06 o1 -40.748 (2.386) 4.871 (0.203)
M2 -34.380 (0.443) 4193 (0.033)
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