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Abstract: We carry out comparison of strain variations measured by borehole strainmeters with GPS-
derived strain to investigate the characteristics of the long-term (over the time scale of several months)
measurement of strainmeter. We compare the line strain data observed at 7 stations of the AIST with the
equivalent strain calculated using the observations of displacement data at the GPS sites surrounding
the strainmeter stations. The result shows that there are seasonal variations both in strainmeter and GPS
where the amplitudes are consistent each other at some stations, but they are not always in phase. In
addition, many stations do not show good agreement between GPS and strainmeter. It is suggested that the
strainmeter measurements do not reflect regional crustal deformation but are rather affected by unknown

site-specific sources.

Keywords: borehole strainmeter, GPS, line strain, long-term stability
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1. FUBHIC

W 104D FISh 720, i OME IO (K+7)
IR, W2 > < 0 (BH~KE) LT3
[ W< DHEE | LIHITh B HREE R LRI D2 - T
& 72 (Schwartz and Rokosky, 2007). —fi%lZZ 5 L7z -
< DHEOMMIZIE, K7H—LEEFH (LT, £ R
GPS #ifg Bl A ib T 5. EEFHZ K 28T,
ERICIA L 72 B v — 2 P ISR L THh o
EEBUT 5. 2 oiHla MR IEEICE <, ST
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WA 25 B ZE B ORIV & R L T B (MR,
2006 ; Itaba et al.,2010). L2 LAaAMN5, EEREHRDF
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MRS L D > TN, ZOSREEDE X1
LBDHET, BHEDOL ZA1E, KH~ 1EBFEED 4 4
LA = LOEFORMIRE S hfbhiicHE >
TWB (/IMKIED, 2006). F72, RT7HR—-ILTEFHILS
B, BUEESRORE LEFEOEEFRIIL T0hs &
FEAZENTOEN, ThHEDREDIEL Y DEL %N
FLTWBDONRLEAL.

—7J7 GPS BMITIE, frdh o e X Eik %
ICRE L 72 GPS TRZELTZOEMNEZHEL TV 5.
ZD7=®, #HHO GPS BHlRA, 5 R T 320513
ZOAITIG U 7z, JOEHI AR 7 bk EE%&%?%
goEEZSNS (HI, 2003). ZD 1540 GPS H
gD FERE, L Db, E LB K > TaENCE
%éhtumﬁ'é&smsﬁﬁﬁmm«mmmn*
Ko T, MRZE) A A U TRV IRFER S RRE THEA S
N5 & 5174 > T %7z (Sagiya, 2004).
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PEARIEAR 7 AR — LB L GPS & Db (KBIED)

black: 950340-950368-950369, blue: 940069-950339-950361, red: strainmeter@ngr

line strain (52 °) [107° radian]
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552 [X] AR T OREE DO RERGIMFEOF], $EED AN N52°E. Bitins GPS1 O, FFrid GPS2 OHEE, &R
T AR=IEEHIE S F U 7 Mo &0 B < RO 2 GHUE, A3 B U 7 b Ecsr (BRI 8 & e )
7 4w b LCHD B 7= 5 O A i 2o i ot 7.

Fig. 2

An example of pre-processing of line strain time series at the Negoro station. The observation direction of line strain

of the strainmeter is N52°E. Black and blue dots are GPS1 and GPS2 line strain, respectively. Purple line shows the

strainmeter-measured relative line strain before removing exponential and linear drift components. Red line indicates

the relative residual line strain after removing the drift components.

HOBMNRE > Vo2 DEDOMIZONTRIKL, #F
filig 5200 AL 72 ek, EiHzkbiEHHE,
GPS L RO OENBEE #IIKEL =BT Z < Ah - 7.
I LIHERZINETTROITDITCWaEr>—KE
LT, EtoFEEMTFEA2257-0ICEHTE
BENDVEL, RENEZRHAENE L2722 EI2K 5.
Bl ZiE, H(2003) 1%, W5 GEONET O F — 4
25 HREERD, FHISIRE L 2K RTOETED
R AT - 7265, HBIZR O har 722 & #WEL
T3, L2ALZHE—20B IS TL 2 EIT-5 T
Wi, R EHFEEL LTI HoTh b LT A K.
Z 9 L7zvp, BEESRGUIZNT (LIY, BERIL) T
&, BREREES DK, RO EREMS AR L,
B AR LTl 0 (fH, 1998), B0 G EHHE D%
WG E L THELRT - 42L&, ZOT 4%
5 ZLT, »3FEOROBIMSET, HRAE WK
W2V - 7zilgk A > C, EBEFE GPS L DRRBRTE S
EIThoTE., £ ZTRWMETIE, EHH T %D
&3 B PERMT OB RO EIOiLERE, BB ORI
@ GEONET #lilllsi2 5k 57z GPS E L k45 2

T, FRCE sy ARED & 4 42 — L TOEFHORHE
IZOWTOWERESS Z & &ikAa7z. FHTTIE, 1996
LR OB X 2B Z kT LT b 2 &I,
Wo < DHIEIZK D KRELHEBELZT TOAWED, M
IR 75 MBS B D BB & 52 1 T i W EREIE C O RS %
FARBZENTEB LS HEAH D, PEBTOES
OFMEEFANZOICHE L TWBEEZOND. ARET
3295 LzFfmic &, EEINC I % 566 - AR
BEMAEGRLZLAHNETS.

2. F&

A7 R LEINZ LB EF— 213, HEERHRANIZE
Jit (2006) 1= & % HAEDFFEHTAS R & U 72 (BRI
1KDKE). ZDOF— 212, BHFHET6IZk 1T 58
MAHME LTbhTnd, %, A7 k- ILEG
WERE R, HERBROBANCZLZ KE LR FY 7 F BHHET
b5 (E2XBM). 22T, BRISEICHBET S Z
H L7 K7 b ERDERL 729102, EEEFHTRA AT
(2006) IZLALFOF — 4 WEEE T > T 5. F3, BUHIE
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5729, ZhoZHDKRL 720, THWIZEBE 749 b L,
FERERAARD 5 5. 2O, BMIPIIAE % OFI
7= 21203, HRARHORZE LZH 2R TIEnH 5
ZENBNOD, BT 4 v MTBHIME LT, B
FIGEEER D, & 2 FREEVHRANELENTr 608
DIZRELTWS., ZOLS BUFHZ LD, L0
7284 LA —LOESEEHCHD RN TL £ 5%
hd 570, Br AREEOBZITIKE B s 21141
RIEEN2EFEA LN, F2 RKIIERBIH S TOBl %
ML728DTH 5. PO TLA DEETO HIET — %
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53 X a) A TOMEDOKERY. FREDTTIAIE NII°E.
RS GPST @, it GPS2 DFEE, B EMRA
GPSEA T 4 v b Lz RMEE Szl L v
N, R PR, ROHMIE SN2 T v T
W ORI, KRS F U 7 bR AT R 7250
AT R — IV EFHT K B s E.

F3Xb) EEFET, {HUNE NIOICE.

F3Xc) LEFUL, HLUGIE NI6ICE.

Fig. 3a) Line strain time series at the Bando station with the
direction of N31°E. Black and blue dots are GPS1 and
GPS2 line strain, respectively. Yellow line shows the
sum of estimated linear trend, annual and semiannual
components, and corrected steps. Red line shows the
strainmeter-measured line strain after removing the
drift components.

Fig. 3b) Same as above but the direction of N101°E.

Fig. 3c) Same as above but the direction of N161°E.

ThHD, ZHHEBBDT 4 v P EEHT 4 v FEL
T, BEEZHRLZEDWKREDOTH 5. GPS »5at
HINBRELEFLOMTRL TS (#FiB). Z

5 LTSN RAION, B r ATEE OB 5
12 H U CEHi 2 17 - 7-.

GPS 12Xk %13, GEONET DR OMRHERTH 5
F3 f# (FP)INEA>, 2009) LN IB, 24 B O PV 75
JERHE T & B HAE 8 4543 (1998/4/1 — 2006/3/31) % fdiFH
LCRIMAE L2, 3, F3RO 3 RICHEREA & K- £
R AR L, EIFEPHIERD 3 K GPS MO
HETORMGRAERD 2, WIZ, dEHRETORBED
AP A e L U TR R L, ZEER AT -7
%, EEFORREF NS 2 HEE KD 2. SHIEH
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72T, AT v FHIED 50 HEND 10 HDF — &
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54 X a) AL TOFEDOKRESRT. FEDIIA1E NS4°E. B
2 GPS1 @, T2 GPS2 D¥ZE, HEEA FY
7 MRS ERD RN RO AT R - L EEHI KD
TR Y 2 PR ERGE

F4Xb) EEFET, {HU ML NI14°E.

FaXc) LR, HUGIIE N174°E,

Fig. 4a) Same as Fig. 3a) but at the Hatasho station with the
direction of N54°E.

Fig. 4b) Same as above but the direction of N114°E.

Fig. 4c) Same as above but the direction of N174°E.

LTO GPS E L R4 572912, BIORIED GPS #
W3 HOT — 2 %flio 728 OOMIZ, FOBHL 3 /&M
iS5 TE GPS EAGIH L= 203 HAERESE, &
YD 3 E5ES B TH D, B0 3 A kbR
kS HfEIZH D GPS Bl A2 TZ 5 720& A (Hi
FHO 3 OB, R 7-TFEE GPS1, BEDLD%E
GPS2 L A& TIHMER). ZHickd, FiHc k38
THE A EDTRE DB A r — L 2R ET 500 FEL
72. GPSlix¥F i k7 —4H 20 km F21E O =IO
%, GPS2 i3 Zzh &b & —Mb KX\ 30 ~ 50 km FE D
“ABOFEMEAEE > TWB. iR L 722 GPS OB &
B 1R
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BN GPS1, FHAIA GPS2 DR, MmN ZThE
NOGPSEAET 4 v M LERIEE S AAER L Y
K, FJE - PRy, RKO®E Sz 2T 5 TR0
MTHB. —HAERE, PEEFINRAIIZEN (2006) 12
K BB TN BORT R — L EFORERETDH
5. TNZHhORERINERRL T WL S, wEigt 74y
b EMZZHNAETH B, mdO L H1Z, EiITO
BUHNC 5 W TIREHIFR G %R OWI O 7 — 2 IEARETH
D, EEBEKRERT 4 v P CIRAZAEH SRR E N

black: 950340-950368-950369, blue: 940069-950339-950361, red: strainmeter@ngr
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55 X a) BORTOMEDIERY. $REOTE NS2°E. &
JHAYGPSL D, A GPS2 OE, A F Y
7 MRS ERO RO BORT A - L EFIC LS
HEX Y Ze BR 2R

5 b) LEmT, HUJE NI2E,

5K c) BRI, {HUJANE NIT2E,

Fig. 5a) Same as Fig. 3a) but at the Negoro station with the
direction of N52°E.

Fig. 5b)  Same as above but the direction of N112°E.

Fig. 5¢) Same as above but the direction of N172°E.
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EEMAONTRELTED, Br ARED & 4 42
F—Ll L TEEHLYPRD NS, FEHLHIZON
TiX, a), ¢) 2BV T GPS1 EDNAHDORIBEAE WK S
2B A, RET - 2B O R Tid it H OB A R
WEIRHIE TS % (#id). %35 c) O GPS1 Tid 2003 4%
B2, HEOSEE 2135 D %2 OB AREHZ T OIRIED
BAARONS. THEZOKIIZ, 4E0 GEONET ®
BINR TR 7 v 7 F R frbh T s (E it
BIBE, 2004) 2 &5, ZHUET VT IR S B
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TR Y 2 PREERRE.

F6Xb) EeFL, {HUJ5IAIE N102°E.

Fo6Xlc) L&, {HUJ ML N162°E.

Fig. 6a) Same as Fig. 3a) but at the Hanaore station with the
direction of N42°E.

Fig. 6b) Same as above but the direction of N102°E,

Fig. 6¢) Same as above but the direction of N162°E,

NBEFEHROZENAZ Z TIEHETIE LY. Zhud,
TR 5 M B EO WAL D, R % 50 DI12<
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Blid & < Zu.

o fE#T (HNO, #H6[X):b) Tid, EEHZ X 2EHIN%
ELTHRY, 72, MR ELTHWEEHICHAS
) IZBWTH, GPSLIZR SN B FRHEHITEG DI
BRSNS, WMEORIIRLS Hv. FiZe)llk
W, WEICEHEGLR O EDD, EitDOFEH
ZEIONMME GPS1 LM AR > Tna K5 ICH A,
HIH ORI & R F IR THERBICKREWE, Eite GPS
DZEFMEENIIEAN B2 W S k.
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Z 72\, b) D 2003 FEFEIZIE, BT 2 » HRREORD
WL OHMAZTN RSN S5, FHKEAHTHS. Z
5 L7254 % W 2 GPS EOEENT R &,
o KESF (TNN, B8 [X): FaHC & 2 GHHME I LT
HELTOWBEN, a) Rc) DX ITKFE R —LOFER
PEEHSAR OGNS, Ziud, BRI
BhEhar->72F) 7 N Thrueedrnds. 25 L
TR WO FIT/NX WA 6 e BHIATAR 6
Z OHRMEIE GPS1 DZFh & 4 — & —MIZIZBANTH D,
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T b) LEFELT, {HLUJX N6SE.

H7Xc) EERLC, {HUJIIE N128°E.

Fig. 7a) Same as Fig. 3a) but at the Ohhara station with the
direction of N8°E.

Fig. 7b)  Same as above but the direction of N68°E.

Fig. 7c)  Same as above but the direction of N128°E,
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Fig. 8a) Same as Fig. 3a) but at the Tennoji station with the
direction of NO°E.

Fig. 8b) Same as above but the direction of N60°E.

Fig. 8¢) Same as above but the direction of N120°E.
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Fig. 9a) Same as Fig. 3a) but at the Yasutomi station with the
direction of N115°E.

Fig. 9b) Same as above but the direction of N235°E,

Fig. 9c) Same as above but the direction of N355°E.,
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Fig. 10a)  Same as Fig. 3a) but at the Bando station with the
direction of N31°E.

Fig. 10b)  Same as above but the direction of N101°E.

Fig. 10c) Same as above but the direction of N161°E,
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Fig. 11a)  Same as Fig. 3a) but at the Yasutomi station with the
direction of N115°E.

Fig. 11b)  Same as above but the direction of N235°E.

Fig. 11c) ~ Same as above but the direction of N355°E.
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