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Laser ranging for air temperature measurement

and detection of crustal movement

Nobuaki NIITSUMA!

Abstract Changes in the tilt of the Udo Hill is related with large scale gravity collapse along the active
Kusanagi Fault and subduction of the Philippine Sea Plate. Automatic laser ranging is carried out to
monitor the activity of the Kusanagi Fault at 10 minutes intervals. Automatic adjustment of the
refracted laser path is accomplished by using a step motor to make fine adjustments on the vertical
axis. The refraction of laser path has been measured continuously since March 18, 1998. The atmos-
pheric behavior during heating and cooling is analyzed from data on the refraction of the laser path
and differences between the laser path temperature and surface air temperature. The diurnal cycle
of the atmospheric behavior can be divided into 9 stages. The activity of the Kusanagi Fault is dis-
cussed, based on the selected data of laser ranging since 1995, concerning the atmospheric structure

of temperature.

Key words: laser ranging, vertical gradient of air temperature, atmospheric behavior, Udo Hill,

Kusanagi Fault, Philippine Sea Plate
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YW : A& Yawatayama Hill, YT © &1l Yatsuyama Hill, KF | 5 ZEKE Kusanagi Fault, YB : L/l Yambara, SM : % H R %H

TCRHI R & BRI T R e B L O HRIE.
Laser path for ranging, Shizuoka Station of the Japan Meteorological Agency, and Kusanagi Fault.
Shizuoka Station of the Japan Meteorological Agency, SC . Fiifil KF GBI BLMAT Crustal Activity Observatory of Shizuoka University,

IST & S & JI|-B# I fEE# Itoigawa-Shizuoka Tectonic Line.
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I FEBERANC AR A EREEE TH DL L L HITHD T
BEOBWRSBIHEBIZLZ LI LWL MR -7
(B33, 1996). B EL v, EZBEREAD
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BT D EMERTR 2 A TAEICHT > TG L T A3
W DR RIZIEDWT, TR OFEI DV Tl
5.

RITHEBIREHR DS & L TR

AL, 74 v TS FolEE XD, HAY)
B YIS A R Ul — BRI SRR O AN R E T 2 P
T, FOBMBEHICIIES0MMOFELES DV, R
KFZFOFERIME LTS (K1), F7/-, EHEd
JZIEEB 100mEL T o4t & AE L 235% FARIZTRAE
L, ZO4duliZ i3m0 RKiE, FEN X E#E O DS
HhH., ZOBRBEFICIEFREBROLED, FOHEMEE
LTBY, INHLOERBATIIL-TC, BB LU
DEVHS DG ->TWwE, T2, FEBEOLEI K
DL VHBIEE, HEELOdBITH L Z LAV ST
% (%M, 1995).

HERRE, tEFN4 L TUEILOMEEZ, wInbE
FRNZEEIC > TWAIZL b s, JeliflidFim
PEE L/ L) REVERTE Y 2 L, FEICEET A3
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BEERS A, FO TSR o [ fE
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%4, HEBROREYZERT L L, 400miEE DM &
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B, BBIILLLHEOBMBEIFONS - REE
BAEL L TWwA (#IiEHh, 1982).

A BB OMEE) L 7= LA ol & o FRE
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EEEWS & ZAHT SN, BRERFICET S HEBIIRE R
b FDOIAEE LI T D GiFE - B, 1991; 338 - /b
N1, 1993). Al & /B oMFIEERE RME L L@ L7
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B2 Tk SORE LRI N T 7 OEERT.

Kusanagi Fault relating gravitational collapse and submarine
topography in the Suruga Trough.

EHEWEFED B LR ORI REMETHS 22T 5
TR TH 5.

Alluvium filling around Kusanagi fault is removed to clarify the
topography of collapse.
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3 HHEWREEBREEBOMEEIE 7 1) VT L — NihARADER.
Schematic cross section for tectonic setting of the Kusanagi Fault, relating to gravitational collapse of the Udo Hill Block, and subduction of

the Philippine Sea Plate.

KF : B#Wi/E Kusanagi Fault, SM : Bkfl#b /75 % %5 Shizuoka Station of the Japan Meteorological Agency, SC | i A7 b & B 8 it
Crustal Activity Observatory of Shizuoka University, ##% broken line | &R Kb B8 BIEET & B3O K7 ) X 4 25504 Laser
path for ranging from Crustal Activity Observatory of Shizuoka University to reflective prism on the Yatsuyama Hill.
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Four laser ranging machines (Auto-Ranger JX) with step motor to
control the vertical positioning at the Crustal Activity Observatory
of Shizuoka University.
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MAXpos MAXpos
t SKpos SKpos
MAXs
MAXs
up down up down

H5 ®EBELIE L —F—EREOLL.
Changes in laser intensity with the steps of vertical directional

adjustment.

MAXpos: H SO E

SKpos: EfE

MAXs :  JRZHE

median direction.
skewness of laser intensity distribution
maximum intensity
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1998 March
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A
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1] Pl [l
Tstd 0.104 0.203 0.302°C

6 1998FE3HA21HAH31H D11 H B ORIERS.
Observations in 21-31 March, 1998.

difT . UM air Lempel ature difference (Tcal - Tjma)
Tjima :  #EH# KRB BT 5 %R air temperature at Shizuoka Station of the Japan Meteorological Agency
Teal . Heuk W EEAE 2 S & L2 R AR calculated air temperature of laser path from laser ranging

MAXpos . H Y17 & median direction of ranger
SKpos . FEJE skewness of laser intensity distribution
MAXs ! A GE maximum intensity
difT? 77 7 RO FEBITH ST 5 1, £R SN T2 HESIZHID T 5 CH AR D68% E R R TstdD Pyl (= 0.203C: 1D

BHAL), FMEICL o (= 0.099C) % N L7fl (= 0.302C: ATEIAL) , FHESS Lo B UME (= 0.104C: EER) HIELTBY, FH
EPOENPKEL LD THOREZIEIKREL S,

Points on the graph of difT represent 68% confidence limit of calculated air temperature of laser path (central open circle: mean value of
Tstd (= 0.2037C), right open circle: deviations 1 ¢ (= 0.099°C) of Tstd for plotted points larger than the mean of Tstd (= 0.3027C), left closed
circle: deviations 1 ¢ of Tstd smaller than the mean of Tstd (= 0.104°C). The size of circle increases with the deviation).



SRR X 2 KRB RE O

Tjma

7 1998%E3H21H 2 531H D11 HMOREH SR Tima & 1
FEhL [EMAXpos D [,

Relation between the temperature measured at Shizuoka Station
of the Japan Meteorological Agency (Tjma) and median vertical
direction of ranger (MAXpos) for 11 days of 21-31 March, 1998.

BEMEAAIE S A AL, FAR STV B BEIESICHINT %8
AL REATURD SURZATOFIGME (= -2.8C: FROFA),
EHEICL e (= 220) 5 ME L 72 (= -06C: HEA), FHfEr
Hlo @ L72fE (= -5.0C: £EAL) ISHIELTBY, FHEHTS
EPRELBDI o THORESIIRELL L A,

Circles represent air temperature difference between laser path
and Shizuoka Station of the Japan Meteorological Agency (central
open circle: mean value of difT (= -2.8°C), right open circle: devia-
tions 16 (= 2.2°C) of difT for plotted points larger than the mean
of difT (= -0.6°C), left closed circle: deviations 1 ¢ of difT smaller
than the mean of difT (= -5.01C). The size of circle increases with
the deviation).
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difT
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MAXpos
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MAXpos
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!

down _
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8 199853 H21 A 7 531 H O R IRAEdTT- 9 5 i BMAXpos i 5.

Relation between air temperature difference (difT) and median direction of ranger (MAXpos).

77 7HOERIIABROTRN R HE & HBEOM ORI L 5 | WSS R REES 5T BB RT IS B AL, FREATn
% HSE LU ISIET % Tima, Tstd, SKpos, MAXsOEDTIIE (pohod (1AL), FAIEH S 1o & I L7 MH (LA, TIEND | 4 A
B (ZEBH) (THIELTEBY, FHEPSEIKEL LB > TADKE SITAEL 2 D,

Line represents a relation in which air temperature gradient in the laser path is equal to the air temperature difference difT. Circles repre-
sent deviation from mean value (central open circle: mean value, right open circle: deviations 1o for plotted points larger than the mean, left
closed circle: deviations 1 o smaller than the mean. The size of circle increases with the deviation).

Tima ; W& ERE (mean = 13.0°C, 10 = 4.18°C) air temperature at Shizuoka Station of the Japan Meteorological Agency
Tstd © HIHARO68% EHRA (mean = 0.203C, 15 = 0.099°C)  68% confidence limit of calculated air temperature of laser path
SKpos : FEE (mean = -0.891 step, 1 & = 0.647 step) skewness of laser intensity distribution

MAXs ! B3 (mean =3.39V, 10 = 0.952V)  maximum intensity
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Diurnal cycle in air temperature difference (difT) and median direction of ranger (MAXpos).

75 7HOERIIEEDOTENEIEEREOBORRAE EF LW SREBAEREFREERST. 77 7hONEMITICT 503, £
REN TV B HIE SIZHIE T 5 Tima, Tstd, SKpos, MAXsOMEDFE (REROEH), FXE» L1 0 2MELZE GHIL, FHE,
Sle U7l (BEA) B LTBY, PHUEDILENKREIL 2L TRORESIEIREL LS.

Line represents a relation in which air temperature gradient in the laser path is equal to the air temperature difference dif T. Circles repre-
sent deviation from the mean value (central open circle: mean value, right open circle: deviations 1 ¢ for plotted points larger than the mean,
left closed circle: deviations 1 ¢ smaller than the mean. The size of circle increases with the deviation).

Tima . HREEZE (mean=159T, 10 =238TC) air temperature at Shizuoka Station of the Japan Meteorological Agency

Tstd ;. BEHRIEDERBIEFERSE (mean = 0.226°C, 106 =0.122C) 68% confidence limit of calculated air temperature of laser path
SKpos © ZEE (mean = -0.811 step, 1 o = 0.726 step) skewness of laser intensity distribution

MAXs . #rAkZEE (mmean =342V, 1 5 = 0.827V) maximum intensity

KEKAE DB FIH X5 Stages of atmospheric behavior: O [ F 1 night equilibrium (0:43-1:55) , @2 E#&#) night oscillation (2:19-5:55),
QW HIESE) dawn oscillation (6:05-7:24), @H 1A IR insolate heat up (7:33-9:13), & H 4§24 insolate heating (9:23-11:14), &/ B Ff
day equilibrium (11:27-13:44), @EFIIRED day oscillation (13:55-17:33), ® Hi&4EE) sunset oscillation (17:43-23:05), @REIRE) mid-
night oscillation (23:13-23:53).
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Correlation of time zone for the diurnal stages (1) - @ among the
days in 21-31 March, 1998.
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Relation between air temperature difference (difT) and air temperaturc at Shizuoka Station of the Japan Meteorological Agency (Tjma).

yo 7 &RO ) (1-108 1) B4 (11201 : 2) T QL-AK: 3) KHTTERRLTHS. EROHOPELHERE, 777
th I 212 A TS B e IR Teal 0 68% 15 R R Tstd D PHE (FROMM), FHE, L1 2MEL2ME (HHA), ERE»P S0
MU (R L TBY, FHEPSEFREL LB I TADKREE ERECRA.

Each graph contains result of measurements for 10 days (1: 1#-10%, 2: 11%-20™ 3: 21*-end of month) in the month. Measured points repre-
sent 68% confidence limit of calculated air temperature of laser path (central open circle: mean value of Tstd, right open circle: deviations 1 o
of Tstd for plotted points larger than the mean of Tstd, left closed circle: deviations 1 ¢ of Tstd smaller than the mean of Tstd. The size of cir-

cle increases with the deviation).
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Relation between air temperature difference (difT) and air temperature at Shizuoka Station of the Japan Meteorological Agency (Tjma).
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Relation between air temperature difference (difT) and air temperature at Shizuoka Station of the Japan Meteorological Agency (Tjma).
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Relation between air temperature difference (difT) and air temperature at Shizuoka Station of the Japan Meteorological Agency (Tjma).
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Changes in the air temperature difference from April 1995 to April 1998.
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Plotted data are selected with the criteria 1) smaller 68% confidence limit of calculated air temperature from the laser ranging than 0.1TC, and
2) measured time from 21:00 to 24:00 when the atmospheric behavior is the later part of sunset oscillation (8 and midnight oscillation 9. Difference
of 2°C corresponds to 8mm of the distance between Crustal Activity Observatory of Shizuoka University and Yatsuyama Hill.
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Laser ranging at Crustal Activity Observatory of Shizuoka University

BUAWRRS ranging machine @ ARFEFEHE A — b L2 Y v — JXH
Auto-Ranger JX of Rokuoh Precision K. K.

Ga-As ¥V —H'— ¥ 1 F — F Ga-As ultra-red laser diode
% £ wave length = 780nm
& K maximum output = 3SmW
BIEREH )] output during measurement < 0.5mW
PR SRR E frequency of oscillator = 14.984980MHz
FRTEGAT place i K AR S B BRI BT B HE B L2 [ 8
on a pillar at the Crustal Activity Observatory

B5 7 X L reflective prism for laser ranging
EE 6emALT 3l %2 & X BB ICEE
three prisms with diameter of 6¢m, set in electric wiring box

EXEBFT place |
BEILDOR R FERE
Advertising Tower of Tokai University on Yatsuyarna Hill
(which had been used for NHK broadcasting)
L5 > NTTH k8%
Microwave Relay Antenna of NTT on Yambara Hill

EEUBERIEHA X 7 v 77— 2 — step motor to control the vertical positioning:
1200 % 7 » 7 200 steps/round

TRV - TILF X —4 Digital Multimeter :
7 RN 7 A b Advantest R6452E
MO E/Z e mHEE— FOBEH, ZEEONE
measurement of laser level and monitor of mode for ranger

StE# computor :
note type personal computor NEC PC9821Nr12

&t calculation:
T B A7 & vertical position ;
RO SEAI B median direction,
B RS FENE maximum direction of laser input,
TER skewness of laser intensity,
THE{R 2 standard deviation of laser input
I E BREEDMLBE processing ranging values :
THIE 22 2 10MEEER ten ranging values for one measurement
1) & 68%EFEREFE mean and 68% confidence limit
KRB EE temporally air temperature of laser pass
(R % uder the assumptions: fE# distance = 3708.568m,
1%+t air pressure 1 atm., {2 humidity = 70%)
HEREIW earth tide
BRI ocean tidal level at Shimizu Port
RS-232C: B D FEREOILY 1A% get measured value from ranger
GPIB: L — ' — 08 EE O HEh#H45 control laser input of ranger
AT v TE—F =l control step motor



JERHIEELT & B RS IS O SimE Tl E & AR H)

FUFI - R NF A — 7 —AIEEDORLY A
get measured value from Digital Multimeter

#3Hl observation :
FEh240F BB Al manual 24 hours measurement |

19954 4H28/29H 28/29 April 1995
5H13/14H 13/14 May 1995
19/20H 19/20 May 1995
28/29H 28/29 May 1995
19964F 6 H 7/ 88 7/ 8 June 1996
H #1075 fEF £l automatic measurement at 10 minutes intervals :
19964 8H 3-17H 3-17 August 1996

9H 5H 725 EH fllE from 5 September 1996 routine measurement
e lm 47 HEFA%E control vertical positioning
19984E 3R 16H 2° 5 from 15 March 1998
B HAL b ERGHZE calculate vetical position |
SH18H»5 from 18 March 1998
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