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Laser ranging for daily and annual change
in the atmospheric boundary layer, and mechanisms

on tilt of the Udo Block by the Philippine Sea Plate

Nobuaki NIITSUMA!

Abstract Automatic laser ranging is being carried out to monitor the activity of the tilting
Udo Block along the laser paths from the Crustal Activity Observatory of Shizuoka University
to Yatsuyama and Yambara. The air temperatures of the laser paths are calculated from
ranged distances under the assumption of constant distance. The rangers monitor also re-
fraction of the laser paths caused by the air temperature structure and intensity profile of the
reflected laser using a computer controlled step motor.

The atmospheric temperature distributions and their daily and seasonal changes have
been explained by the solar heating in the daytime and radial cooling in the night, resulting
in hifting of warmer air masses and sinking of cooler air masses.

Systematic offsets have been detected from the calculated air temperature, and compared
with the surface air temperature at the Shizuoka Station of the Japan Meteorological Agency.
The offsets relate to the changes in the distance of the laser paths, caused by the crustal
movement. The amount of the changes is more than several cm in laser path distance. The
maximum distance occurred in the middle of April 1998 just before the earthquakes to the
east off Izu Peninsula, and the minimum distance occurred in the early January 2000 after the
Taiwan Earthquake of September 1999. The changes in distance were correlated with tilt
records of the Crustal Activity Observatory.

The Udo Block is tilting northwestward by large-scale gravity collapse along the active
Kusanagi and Asabata Faults. The basal part of the collapsed Udo Block is riding on the
subducting Philippine Sea Plate along the Suruga Trough. The detected crustal movements
have been explained by changes in the tilt of the Udo Block, controlled by the subduction of
the Philippine Sea Plate under the Udo Block.

The stress in the Philippine Sea.Plate is sensitively related to earthquakes along the east-
ern and western margins of the Philippine Sea Plate. The earthquakes on the eastern margin
release the compressional stress of the westward Pacific Plate motion and the stress field
changes from compressional to tensional before the earthquakes in the east off Izu Peninsula
related to magma intrusion. The earthquakes on the western margin in Taiwan decrease the
resistivity to subduction along the western margin, and induce the subduction. The simulated
stress condition of the Philippine Sea Plate is well correlated with the detected crustal move-
ments with reasonable a time lag.

Key Words: Laser ranging, tiltmeter, Udo Hill, earthquakes, Izu Peninsula, Taiwan, Pacific
Plate, Philippine Sea Plate.
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Laser paths for ranging.
fifScurves : WiBfault ; IST : S fUI-Z B %% Itoigawa-Shizuoka Tectonic Line, KF : ¥#WiEKusanagi Fault, AF :

FREEWTB Asabata Fault.
E#straight lines : YoMl ¥ Yoflaser path ; SC : BEIAFE#EEBBHAT Crustal Activity Observatory of Shizuoka

University, YT : &#l Yatsuyama, YB : IlfYambara, TS : B3 Torisaka. YW : JUREIL,
SM : #5555 EShizuoka Station of the Japan Meteorological Agency.
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Laser paths for ranging and submarine topography
in the Suruga Trough with the Kusanagi and
Asabata Faults showing gravitational collapse.

SC : Bl A H% i 881 I BT Crustal Activity Observa-
tory of Shizuoka University, YT : &4#1l Yatsuyama,
YB : tiEYambara, TS : &3 Torisaka.
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Alluvium filling around Kusanagi and Asabata
Faults is removed to clarify the topography of col-
lapse.
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Suruga Trough
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Cross-section for tectonic setting of tilting Udo Block showing to collapse along Kusanagi and Asabata Faults,

and subduction of the Philippine Sea Plate.

B - H#fstraight solid and dotted lines : #lfit&Laser paths for ranging ; SC : # [ KFHIEF BB P AT Crustal

Activity Observatory of Shizuoka University.

KFlarrow : 74 VEVH#ET L — FEARAARIZE b7 ) EE) movement caused by the subduction of the Philippine Sea
Plate, corresponding to decrease the tilt angle of the Udo Block, FI%Fl block arrow : WD 5\ iX RN R
VI A<D 1245 &) movement caused by the collapse along Kusanagi or Asabata Fault corresponding to

increase the tilt angle of the Udo Block.
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Yatsuyama
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Calculated temperature and skewness of laser inten-
sity with vertical directional adjustment on Yambara
and Yatsuyama laser paths, and surface temperature
over 24 hours on March 22, 2000.
K - TR Upper and Lower Graphs : XK RIT %
fi R RE O IR EE % MR- L > T EmoWLEXE S S
T ETHMDOMEILLRE ST 7R Lz, EERADKEET
AL, RODNESVEANKOTELLSEEE, AP EEE %
ARLTBY, AOMNBIIERFAEEZRL TS
Skewness calculated laser path temperature and
surface temperature. Small open circle: non-
skewness, open circle: positive (downward)

skewness, and solid circle: negative (upward)
skewness of reflected laser intensity curve with verti-
cal scan of laser direction. The size of index of
skewness circles represent + 1¢ of skewness distri-
butions in the series of measurements. The skewness
circles locate on their laser path temperature and
curve represents surface temperature at the Shizuoka
Station of the Japan Meteorological Agency at one-
hour intervals. Upper and lower graphs show
Yambara and Yatsuyama laser paths.

& Middle Graphs : IWEGER( L) B & OFFE8 LR
(e 2 RENMBLEENCHE ) THEEHZRLTEY,
HROZERB B ERFLNIG L, EEOROMBIZHIG LT
W5, KEEE1HBEASHAICHET 5.
Reflected laser intensity curve (rightward) with verti-
cal scan. Baseline locates on the measured time and
correlates with the circle position of skewness.
Upper and lower graph for Yambara and
Yatsuyama laser paths.

f&#horizontal axis : B¢%l time.
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Lifting of warmer air mass and sinking of cooler air mass in the isolate heat up, isolate heating and cooling
stages, and calculated temperature and skewness of laser intensity with vertical directional adjustment on
Yatsuyama laser path.

% Left Figures : RADOBE(KE), MFMBAREE L LR, SRIBEAM, EEIBEN. BEOLUIHHNED
BEZEL, SR
Movements of air mass (arrow), insolate heating of surface and Yatsuyama laser path. Dotted line for warm
air mass and solid line for cool air mass. Dots mark for isolate heating of surface and shade mark for non-
heating surface.

£ - - FE Upper, Middle and Lower Figures of the left : &R RN - LA RY - BB IZxHS. Isolate heat up,
Isolate heating and Cooling stages.

A Right Figures : S OMMIIEEMNBEEEICLS L - —SLRERB CHEOMNBRBERLI MG LTWwa, Kk
77 7 ORI HREERBIHIET Z2EETH Y, ARNFEEE, BAVAEE, AOAKEEIZEL, LoMEIERRE
THh., JiET 77 OMBIZHETER. 1 - JTEHOKHOMBEIZHIGL, 2 FHROER P REE ARG T 5. SHMEFM
MEDERFTIRRZHME, SRITHRZEME. A,

Reflected laser intensity curve (rightward strong) with vertical scan. Baseline locates on the time of the air
mass position 1 and 3 in Left Figure, and correlates with the circle position of skewness in the lower graph.
Line 2 corresponds at the center of air mass core. Black dot and dotted line on laser intensity curve represent
maximum and median positions. In the lower graph, small open circle: non-skewness, open circle: positive
(downward) skewness, and solid circle: negative (upward) skewness of reflected laser intensity curve with verti-
cal scan of laser direction. Curve in the lower graph represents surface temperature. Horizontal axis corre-

sponds to time.
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199843 H o d IR R (¥6a) i, HitE & b
ASMERIC L 2BEEL RS OB LBRBO
FREBEBIZLHIEEENHD, AEREORBARIE
, FEEEOXBRRIIBERREIZTIZFEC L HICH
V. HEMBAOEITIZE D 2 WHIERRIRIZE L % 525,
HEEFELLRDY, EBRRERIETT22E20%
REOBTTHHZ L Hhsb. AFMBEDREL &
BICHIRDP L OBSHO ERICL DREEITL, #
KRR E BBRRITKEICPCEL, HHEZR»2 5.

199844 H (X6a) I i3 BFEIEBRRIRIC3H OB %
EENIZL2 b 0D, BRIOKEMETOESWIEL
L, HEWHTHICHEDPS DBEEHD FA D 5.

19984E5H (K6a) IZIT HBEIBATE L L LIRS
RIRIZCICHEL, BRIEOBTRBRRHMDO LFIC
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yatsuyama laser paths, and surface
temperature.

EEIATRL, 77 TOERL/NSVEHNLIOTELLY
BOBERFEEEE, OAPEOEREEREEEELRLTBY,
HOMBIIHERREZ TR L T 5. B ATSIR TR 1.
Small open circle: non-skewness, open circle: positive
(downward) skewness, and solid circle: negative (up-
ward) skewness of reflected laser intensity curve with
vertical scan of laser direction. The size of index of
skewness circles represents = 1o of skewness distri-
butions in the series of measurements. The skewness
circles located on their laser path temperature and
curve represent surface temperature at the Shizuoka
Station of the Japan Meteorological Agency with
one-hour interval.

L2 5199843 H28-30H, 19984F4H19-21H, 19984E5H 8-

10 H, 199846H6-8 HTC, EE o E#FEZ0.64, 0.52,
0.35, 0.52.
The standard deviations of skewness are 0.64 for 28-
30 March 1998, 0.52 for 19-21 April 1998, 0.35 for 8-10
May 1998, and 0.52 step of vertical scan for 6-8 June
1998.
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B 6b MEIGRICBITLAEBRR - EE - HRJEOIH
F EBRAC 8%
Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yatsuyama laser paths, and surface
temperature.

FE2519984E8H13-15H, 19984E9H 10-12H CEE D IEHE

fR#:130.28, 0.33.
The standard deviations of skewness are 0.28 for 13-
15 August 1998, and 0.33 for 10-12 September 1998.

-

NS T HAEILEEFIROTE X R L, KBREL H#
HRIRITEF L TEE LTV 5.

199846 B (M6a) IZIZRBEVFEVET 5729, 58
LD IBRROLARGRHADOETORENLLRS
NAH, KEMIZIIHELUERSAIRIISAEFHLUTHA.

EEICREN2DY, HETERABO TRES L
5728, HEFZEREOES N BIXESENEN S
HITB B0 Lt vhs, 19984E8H ([X16b) 12 i 4
IEBRSEROLEE, B EELICHED B SHMEIZ
Lo THEEINAHMERIHMO LA TICED,
BEEYHDL, BFE - K E L ICKES LR T A
DREE LA, BEIZEAR DY, #HFEH1 5 OER
BOLERIZL o THERBIRSET L, KBS E
ERHTSH. FHIZWEAVIRELZYHERED BBRRED
BKT$22, BBOEEIZIBRELZSTBY, EEMS
DERP TN TNBEIEERZRLTWS, BEARE
KEREDEEOFESERICEL, BEVPHEINS
JHASR T LT, BHFEF CRBIIETIT 5.

19984E9 A (X6b) Iz id iR AR & A IR IRITE
BLTEIELTBY, FEORPMWEILDLSH & EAY
EbLLZ\, ORI2EFHAISEENLEICEEIL, B
FOREAARICHIELTWB EEZ NS,

19984611 H (KM7a)ic e b L HBE LA L, &l
EBRIRICHHP L OMEASHAR, SEROBETH
BOONBEHIIHA. 11AUHERIIBITAHES
BOLAIEEEORBFBOLA MG LTS Z
EPLBROREARMIIZIDOTHL, EFHIz
BAZE L2 ILE B REO HBEREBD T/h& L, B
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,

and surface temperature.
BIEIX19984E11 5 24-26 0 £ 19984E12 H5-TH CEE DIZE#

mAIEFN£41.33, 0.35, 0.36, 0.73.
The standard deviations of skewness are 1.33 and
0.35 for 24-26 November 1998, and, 0.36 and 0.73 for

5-7 December 1998.

KERIEOD Tk EANREDOONS. 11HAM4BEE
PH2HEFIIHPIT TORREAERROEE) & HBRIE
EEFMIELTBY, L2dBBRAKIBEEENHITLT
WL ZliE, BREEROREAAPRRTHLZ &
b,

19984E12 A 18 A (K Ta) I3 B FILGBRRIRIC, AT
DETHET L THROBRL LA L) HE/LZED
HTENTELY, ZORIBIHDOI2AI6HIZ»%R DR
BTHh, BELOLEROREAKXIELLEZER
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,
and surface temperature.

W (X1999E1 H9-11H £ 19994E2 H 22-24 H THEHERZ X £

n£h0.37, 0.32, 0.36, 0.82.
The standard deviations of skewness are 0.37 and
0.32 for 9-11 January 1999, and, 0.36 and 0.82 for 22-
24 February 1999.

RLTWA, FRIOHEOREBERKEB LR IX, ZFRIC
AT T HHEEROILERBERIEDO LR LXFE LTS
ZEDPLBROREAALEZ LND. HBERIRIFE
BIRICERTARIICIIEEE2HD, —FBlChbEE
EEZ2FEOZ LT, BBREOLAFLEFPSERA
ATBESICL I ERRLTWAS.

199941 H9H (M) I i ERIRAIK AT L T TE
TL, BHEEDICHRARIZ ER T 54, FELNL
BARIBRE EASTAEEICELT S Z L3, A4t
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,

and surface temperature.
72 1X19994F4H5-7H £ 199946 H10-12H TEE DEHE(R

The standard deviations of skewness are 0.34 and
1.08 for 5-7 April 1999, and, 0.48 and 0.30 for 10-12
June 1999.

WL L MRBEIEEFF IS ETLEALLI LR
ARLTHY, HHAOEEFERIRGHSEIC L %S
S LBV HBETELTVDIEEZRLTVS. X
BAEITAE LR L2V ERBEROBETICLS D
DTHH, FRIOLB[RERVGHEEBREE T TEFT
2%, EEFHTHLIELNFEV LI, HE,LLOD
BAHO LADGECERT B EHFP VT & ERE
LTwa. IEEESRE /B ERE e FFICR R
ILTRKELHBEY D> TEBHL TS, BIZIHY
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,
and surface temperature.

BEIX19994ETHS-TH £ 199949 H 6-8H TEE D E#E{FZ
130.68, 0.29, 0.49, 0.51.
The standard deviations of skewness are 0.68 and
0.29 for 5-7 July 1999, and, 0.49 and 0.51 for 6-8 Sep-

tember 1999.

AIZIZIZREC L) 2 HEEL T b, BERED E5H
M E FTRAMICEEBE IR ->TBY, ATHIZIZAE
EEIZR->TWS, IIHOHBHIOAIRIX, LBRRE
DEAPERFTLTEEE®L DI 05, BROKE
ABTHDLI ERZRLTNS,

19994E2 H (7b) I b HFRFIRIIKE T ICTA->TH
H, BH#OBSICX B RMBUISE LTEEILE
BOBEE~OEALYD 5, B[RO LA ITFH
DEAITTRI > T, 2HUAORERIBIIESE
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,
and surface temperature.

I 1X19994E10 4 24-26 H & 19994E11 H 21-23H TEE DHF
#E2130.80, 0.45, 1.38, 0.47.
The standard deviations of skewness are 0.80 and
0.45 for 24-26 October 1999, and, 1.38 and 0.47 for 21-
23 November 1999.

BENILLTEY, BROKZIAARATHALAZ ExRL
TWa., IESBRIRIZEERE VI I DL EHOH
BHZ ko THRERICERLTBY, LARICIIERED
BOTIEL ZoTBY, RIBARIIFEEEAND Lh o
ARG/ i

1999464 F (M7c) D3H B owmEILEERRITEh £
NELSLEEHERLTEBY, REELRREEZRLT
W5, KPR RERERICTE L TREBRIED —#IC
BETLTWwWAD, 4H6H®HHBEIIZEBRAEIEL <

| Yambara 1999/12
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B 7f ERRE AEUCEEIC B S RERIR - BE - E
KO3 H Eitacsk.
Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,
and surface temperature.

HEI319994E12H12-14H £ 200041 H28-30H TEE DOFEH

fW#130.71, 0.43, 0.33, 0.38.
The standard deviations of skewness are 0.71 and
0.43 for 12-14 December 1999, and, 0.33 and 0.38 for
28-30 January 2000.

BEFLTAEECIALEZDIIEELINICERDKE A
BWH o2 ERLTVE. IWEREBRIBEOGFIE
AREeTH LD, 4AHEBDOIEXEBRIRD LARET
AR HOTHRBFICBEEREE > TWA,
19994E6 H (M 7c) iz i E e RIR IZFA EEE L &
Vs, HOAYDBOEEEIHBEORSNGHZRLT
w5, HHBEOXRBIKESHHETOERREL D DK
T+ LREEHMOBETICEIALOTHAH. AH
BOLBEXBAR LA L TFROBD T2 ETHE
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Three day record of calculated temperature and
skewness of laser intensity with vertical directional
adjustment on Yambara and Yatsuyama laser paths,

and surface temperature.
#5212 20004E2 H 22-24 H & 200043 H 21-23H TEE DOFEHE

; 2 N9o0 0 EQ
m141.43, 1.03, 0.28, 0.89.

The standard deviations of skewness are 1.43 and
1.03 for 22-24 February 2000, and, 0.28 and 0.59 for
21-23 March 2000.

EN55, KREERmMO DT P[RR EBIIAIG L7
ZEINREDOLN L.

199946 7H (M7d) &, FEARBNIETH O6H & FARIZH
FILEERRROELRID 2, GRAROBET LFRD
BE, CIoTEHLTNAS.

19994E9 A (M7d) 1, 30CZEAAHHbH DA, 9AT
HAF#ICIEEEOSROAHFILERSAMEIC L > TERR
DWADPPWZ 5. BE2 5 H B TILFDER KR
DYPIETT 505, EEEELLoTW5.

19994108 (H7e) (T HEREMF WAL, FEILEK
SEBICHEBSZOBERE LR L EB~NOLETHROBET
FEbLN TS, WERBRSIRIC S FERIKOE{LHEE
BDONLEREMICIIEATHEREIIZEDTED
Bk E Ly, BRI EBAERLARE
SRV L 2P AMEITRT TS, LBEAEIE
THABICIHIEEETHY, REORKICIZAEEDOMHE
MA% 5.

19994E11 8 (K7e)ix, HERE L FEILLERIE L
FIEEHLTEBL TR, BOKEHABRTEIRYE
ZoTwhwy, IERBFRIRTHBEEN/NE (IZIZ—
EEREON, ABREBLEARERBOEE L ORFIEH
HY, RBRJEBOLZEPEITLTWDLLHITHY, &
BHICEEEOEBDH 5.

1999412 A (7)) o Ad e mEE, HHaioR
GLHHEBOBRETOEE ZEDOLN, 12AR128%K
P EELBROBRAFZO LS. AREERR
DOHBERKEL 255, WEEBKEOELIZA R
vy,

20004E1 B (7f), BHBOMERE L SEIEBREA
ROBEE L LA DY, BRIERETIHRI > Tw
2. 1828H 2530 20 T EEAYE RIS 72 o
Twa, IWEBBRRRIZBICARET S, AEOR
BitbTFrTREBICRRBLTVA. EEOXRKRRESL
BBV THRERICREEENL ) THE. ZOKE
BEBEERBENEEIEL T EATRET, BBRAEL
BAEITLTEY, BROKEIALEZRL TV A,

20004E2 8 (M7g), IWWEEBRERIIAEERELEE L
DIRMEAS/NE WD, W TLEBICEITLTEY, B
FTERICIEEEIZZ>TW5,

200043 H 21-22H (K7g), A#E LGSR IEH B
CETLTAREEELHL, SRHAETIZDLND, 3
A2IHOERBETICL 2 EB[EETRICIZAER L
LIWNEERELES. FRICE, EEEX»H - Tl
[RITZEFRE L, BEHEEAZRL TS, BRHEE
REBICIIHERBVETIRAD NS, FhLE,
BEE L EEEOHRE LIRS ERREIET
T2, EEECBOWTERSKER LA T L2012 L
THERRIZETL, SEEIIBVWTERREINMET
FTHDIKT L TH ERIBOETFARBICRZZ &0 5,
FEHMICHE»S AT ABERESTEILEK Y E8
THERFERLTWS, ORI RE IZ3A220 5
S528H T CHMAIRIZEH DN TS, 3A24HIZHD
FOIREIAEL o TWD, IWEXBKBIIBNTHIE
EELATEENEYOICHEELTBY, HBRIRITIE
FETLER, BEETKTTA2Z2L25, BEISD
BEMO LF - Ba8rRsZETE5. 3H22HEH
ICHESEFREICEA T2, TOLEFICEEST
IWEABRKELEFLTWAEZ LT, BROKEAAR
R LTWA, 3H2HED2WTIEREI®RL Tdh 5 (1K
4).

IRETJBLABMTADE

EBRIR L AREAERIRO HELE FEHELE, #E
O HFME - BETEH, BEARO LR - G5HOTRE
WCEARBBELBE LTRADLIEFTRIZR -7
DT, REERIMmE KEARZEZENIZHKTLI L
Ik oT, HIEMESSHBREEERTIERICHNT
WELRBEN-ETH D EDREIZDV TR 21T
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ZEiZT 5. KBEOEEL, HE#EERETY XA
HOMBLEEIGRET 255, —FICHBTEOEEIT
RBOBEILICEKE L C/hEnWEEZONE, HBRE
B X o THBESZLThE, BB EhsEBRAR
B EZCRIET A2 RIBENTMED 5 VITHE S
N, RHELERHE LA LI A, RBREVERHET
L EERRBIIERAC, BMETSEEEBEICTNS.
KEEICIRASRINAEBKIZOWTAmm, IWEXKIZD
WT10mm D HFE KIS 5.

199843 (M6a) 12k, HEIIEBRABIIRABRERE
CIFIZEICTH Y, LY EBRAOMELHHH, 471
FETRBAEREL D GEEMIZZY, 5HICIIEER
BB CTEL koTwAE. 6L FDEIZBLS
AHBREITETEREANIIZH 5.

199848F, 9H (K6b)icid, “K LB L KEEREA
EDEFRL, IBICEIERERBERLCAMAIHTL
5. 1998411 H (K72)icid, FEECERAREIEE L
TV BEAICDOAFEIEBREBIREEREE LR -
Twa, 1281213, 2AIBHOBRRETICEL %)
B REOBRTEHUARSELBEBIFRRERE
X HEn,

19994E 1 A (7h) 121, FHROEBHOES OB
FIEBRAE O FHESRRERBICEVEL RO,
1999448 L6 H (K7c)izix, HEILBARIZEFERLA
LEBERBEBLL—HL, TH - 98 (W7d) i3 o8
IR ABEFRRERBEEL ER->TL 5. 19994
108 - 11 (H7e) iz 5@ EBRARBIIXREICRRS
KEEOWBEL Y, 199946128 - 20004E1 8 (R7) 121k
—HOBRHETEDUMN L EE > T35, 2000428 -
3H (R7g) L FEINNBRIRLEZRERE L DEFRK L
55, I ERKERESEREL D LEV.

IEXABOBEHREBZARERBELILET S L, 1998
#£118 - A (H7a) 23 i32FR LinE&#EE L T
By, FA—RiREEAIEPBARI - TS, 1999
F£1H (RT)ICILUFEREBRSRIIFICREEREREL TH
5%, 19994628 (K7b) - 19994E4 H (H7c) i idBH XK
LLTWw3, 19994E6 H ()i izl ELEREIIAS
BRIEZHICTEY, 199947H (H7d) 2 F DEL K
2. 1999469 (H7c)iciE BB AEISRE B AR
EEY, BEIOKBRIED ILEXEAEBIREER
B FE->TWA., 199946108 - 118 (K7e) iz b 1L E
FBARIIBVREZEOD, BHORSAEIIEASR
BEREL D HEAE, 19994128 - 20004E1 8 (B7f) -
2000462 A (7)1 B OIEXBOR S RENH U
ABEBEOBRERETY LESAdH 5. 2000438 (HM7g)
i, IWEEBRRIETL, REEREmBE LR
T5LILAH.

EBREZLIGERT S EZ 2 6 s FEIDERAR
BIUWWEABRRAEEZFERROZEIF UHEMTE
ILLTwW5,

KRB

HBELLICRERTLEEZ SN ABRABRLAR
BRIREDRFEHNLENDEH* EBHICHEN T 5720
12, ABRFEEEAREREVFEDICTRLTLEET S
21BE 54O OMBEMEZ S L L, 10E MR
TS EH SN RRABOEEREST RS
IZDWTIZ0.15C T (R 0.6mmIU T ), WEE®
ZoWTIH0.07T5CLU T (BB EImmU F) 0 & H A

BORBEZTE»SDEF KD/ (X8).
HEUEIZOWTIE, 1998E3A 206 48 12T
WmmOMEIIHIETARBERCOEBTEHY, *
NL£19984E128 F TREZIIEML TS, F0O/H
IZ19984E5 A A H6 B I T ORA & 1998498 » 511
Bz 3 CoORIPED SN S, 19984127 1213 A
B 7 I ASER & B A5, 19994E1 8 5 51999469 H £
TIRARZZOCHEZHRFTAS. 19994108 20 5 KR
R, 19994E128 225 20004E1 B2 R AIZEL,
20004E2H 253 i T 5205, 0C L D HKRE W,
IWEEBEIZOWT S ZEILEE & REOEEIED
LN 5. 19984E3H 20 5 20004E3 8 £ TOM NI IZ BT
HEBEOCEEMEIZIBcmicbEL T3,

ABREE S AHED

EFHZ DV TIZ19984E LIRS, ALy & ARG S
OWTIa A% LA EHIHTZETWE(F8). &k
B & RARSTOLEBITERIC L 2EHMN 2 EED
EINBEIFKRBEEICIIEB L A-EBFRDOONE. F
DEB)Z, ERFTOREL Th 180 KFHBRIGEEH
HIFAEEREECEB M TH 5L FIMICEE D E
AVEBREETVAEIEICHBMTTEZ e TE S,
=751, 19984E58 5 19984E128 £ CEIb S & K
BAOSHEAICEE L T\ 5.

BEHEETHEE 2 DI, 199844 D E B L EB DK
KEI9EILHA S DHEBI OB TH S, EHOERE
B aEUERELSBHE BB LTEY, A
WEBELEIIESNEE LY 127 AXITLTWwA,
KHBEIMBET S & ILE~OEEIAIHEINL, XBEL
T 5 LEEIPBAL L TnA.

FELBEOEENTIEERBICHE ) HBI<bick s
tEZoN, MlTR)OEERCIZHIESZZEL
ThHERRKFEMRIGEBRTL DV OBEEF D LZEI
H»5(H3)., coER.LOFY ICHELEZHEE €
HE, HEMBORERED FIZH 480 BHAFRHE
OHELABREIHEL, HETRAIES LEHT
BTl D. BHISh-NBRELE & HEALE)IX,
COEEMBIZIHE) HlTXY) LRI LTVS,

WHENBICIH o CHEIT A2AEHIIE, Bt 7
ZBWTHEH2SLARL 74V EYH#HETL— M
By EFTwsd, o) EiIFTwas X)) EHAEHE
LTWT, 74V EV#BTL— MDA RARDRERIN
X, EERBOMEENZRA L, TXYEOEERNN
THEHENBIENT L EHERRBROEBIE KT S,
HEWRBEN L CHEMMOEEH»HEINT 5 BRI,
HETREELTAH1993E8ATHORE(MA.2) DBEIZER
FINTEBY (FE,199%), SSHICKAELHE(ME4)
1219354E7TB11BIZREZ o T A (EE, 1999). ZoME
BN ASRI10 SERT O R BRI O R FH I 2 101\
B SE, HARFEEEHRL TWa I Lid, HEKE
WK HMT XY PBEE L CHECH ~TnwEZ EE
RLTW5, :

19984E3 B ICIT EHEBTRB IR O BBIIEZ o T v
ZEMS, Z4VEVETL— NDILARARDER,
HEMBHOEEI AL THEILEBSMEL, 1999
FILBICIZ 74V EV#EBTL — b OLEARARRDEIT L
THELEEPER LR D,
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B8 G,
Tilt, difference between laser path temperature and surface temperature for Yambara and Yatsuyama paths, and
balance of the Philippine Sea Plate caused by earthquakes along eastern and western margins.

FBUpper graph : #EAF 2SSV BRI CHRI S W - E8IELERL, Y77 EHE EHEEEBOMBEEI RN TS BILE N
BRI L, THIECEEI R 5. BEINSES, BRSWESS. 1828310844,
Tilt record, measured with tiltmeter of Applied Geomechanics type 701-2 at Crustal Activity Observatory of
Shizuoka University. Thick line for NS component, thin line for WE component. Upper direction of this graph
corresponds to increase in the tilt of the Udo Block. Vertical scale: 10 seconds.

mEMiddle graphs : % HI21-248512 5 TI0EHISE 2 B1) 5 FRERR OB HERZ AL RIS DV Tid0.075°C - HE IR
ZOWTIR0.I5CUT OREBEIL OV TERARRE VRBZEFRMICER L TH L. 7T 7 LH I ERBRRRAHERIRIC HE
LTS, ERREmEI AL, FTHIIEEBERSEHT . RIBEICOEMILEEEESEIOmm - F# LR #EImm D
TS T 5.
Air temperature difference of laser paths on Yambara and Yatsuyama from surface of the Shizuoka Station of
the Japan Meteorological Agency at 21:00 to 24:00 with less standard error in 10 times repeated measurement
than 0.075C for Yambara laser path and 0.15C for Yatsuyama laser path. Upper direction of these graphs cor-
responds to a lower temperature of laser path than surface temperature and a longer laser path. The difference
of 1T corresponds to 10 mm of length for Yambara laser path and 4mm for Yatsuyama laser path.

FRILower graph : KF/F0 [HE - KIUABMBIKSE) ] CRBENTVD [HARVZOMATRE L - ECHRERKT
HAEToHE) L THROFLHE] ORTIAYEVETL— FEBRICBIARTFETL — MEARRZBET 2 HEE 7 1
Y VBT — MNERIZBITABBOC Y =F a— FALEME0 " 0.6M-4)KD, FRIZBIT2RABEE»LHZORHEL R
Lb 0. BEO/DICEMERIET 2HER(10 " M-7)OMFHIZOVTOERTRLL.
Balance of the Philippine Sea Plate based on significant earthquakes listed in "Monthly Report on Earthquakes
and Volcanoes in Japan” of Japan Meteorological Agency. Thick curve represents balance in the accumulation
of dislocation along the eastern margin, 10~ (0.6M-4), for the earthquake with Magnitude M along the western
margin of the Philippine Sea Plate. Thin curve represents balance on the accumulation of dislocated area along
the eastern margin, 10~ (M-7), for the earthquake with Magnitude M along the western margin of the Philippine
Sea Plate.

##fiHorizontal axis : KEBIZFEHN/HNEEIAA.

Big and small marks represent beginning of year and month.
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Relative motions of Pacific and Philippine Sea Plate
with respect to Eurasian Plate.
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Orthogonal projection with the center of latitude
0° N and longitude 150° E. Curves represent the di-
rections of Pacific and Philippine Sea plate motion
along the small circle for their Euler poles (SENO et
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Interval of the curves is in inverse proportion to the
velocity of plate motion. Euler equator of Pacific
Plate motion represented with thick curve, along
which Pacific Plate motion absorbs double trench
system of Izu-Mariana and Nankai-Ryukyu. Num-
bers are velocity of plate motion in mm/year. The
southern margin of the Philippine Sea Plate contin-
ues with the Pacific Plate.
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Tilting of the Udo Block and stress condition of the Philippine Sea Plate caused by the earthquakes that occur
along the eastern and western margins.

M Upper figure: 74 VEVHETL—PORBGTHLHEE - <) 7 FHBHEICBITL2HBIZL > TRKFEESL — FEFH
Htashade, 74 VEXBTL— Mo TORERNPHRI NG 220, BIA F T 71281 50AARN8A, FREMKE
DEENTHET L TEEA ML, CThECTOEHENTLAETE L >V /v X%k EHICEAL TRELERFMERBE
I3 (ERD. :

Earthquake along the eastern margin of the Philippine Sea Plate absorbs relative plate motion of the Pacific
Plate, and the stress condition of the Philippine Sea changes from compressional to tensional. The tilt angle of
the Udo Block increases because of the reduction in the stress for the subduction along the Suruga Trough.
Magma under the Izu Volcanic Arc intrudes into the shallow crust and induces earthquakes in the east off the Izu
Peninsula.

THLower figure : 74 VE VT L — FERIZBOWTHENEETLE, BT LS 712835 7L— MbAaARAARZFHIELT
Wieidskbi s 72012, 7L — MERARDSRIL SN, FEBBOEE)IIRE S TEBIAFRIT 5.

Earthquake along the western margin of the Philippine Sea Plate decreases the resistivity to subduction along
the western margin, and the tilt angle of the Udo Block decreases via the subduction along the Suruga Trough.
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