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A new use of laser ranging for air temperature measurement

Nobuaki NIITSUMA!, Kouji NISHIDA!, Naoshi SUITO' and Hiroshi TAKEDA!

Abstract Laser ranging has been carried out from the Crustal Activity Observatory of
Shizuoka University in the Udo Hills (105.83 m in altitude) to the Advertising Tower of
Tokai University on Yatsuyama Hill (108 m in altitude and 3708.568 m from the Crustal Ac-
tivity Observatory) and the Microwave Relay Antenna of NTT on Yambara Hill (448 m in
altitude and 10552.989 m from the Crustal Activity Observatory). The ranging was done 4
times for intervals of 24 hours of continuous manual measurements in April and May 1995,
and automatic measurements at 10 minute intervals from January to March 1996.
Autoranger JX, manufactured by Rokuoh Precision, Inc., was used for the laser ranging.

The average distance and standard deviation was obtained for the set of 10 measure-
ments. The confidence limits of 67% for the average distance, Ds, are 1=0.8 mm. The
meteorologic correction to obtain the real distance, D, from the measured distance, Ds, i1s
formulated as follows.

D=Ds+Ds x (310.0—(106.339 x P—15.026 X E) /(273.15+T)) x 10~°

where, P, E and T are air pressure in mmHg, vapor pressure of air in mmHg, and air tem-
perature in C, respectively. The corrections for temperature, pressure and humidity are 4
mm,” C, 1.4mm,10mmHg and 0.3mm,10%, respectively. The meterologic correction
should be done on the laser path in the sky. The correction for vapor pressure is not signifi-
cant compared with the confidence limits of ranging, and the pressure on the laser path
can be estimated with sufficient accuracy from the pressure measured on the surface. How-
ever, it is difficult to estimate the temperature on the laser path with an accuracy better
than 0.2°C.

If the real distance D does not change, the temperature on the laser path Tc can be cal-
culate from the laser ranging distance, Ds, and the air pressure and vapor pressure meas-
ured on the surface using following equation:

Te = (106.339xP—15.026 X E),~(310.0+ (Ds—D) x10°Ds)—273.15

The calculated temperatures Tc from laser ranging, air pressure and vapor pressure
measured at the Shizuoka Meteorological Observatory of the Japan Meteorological Agency
were compared with the air temperature measured at the Shizuoka Meteological Observa-
tory. Stratification of the air column by solar radiation during day time and surficial cool-
ing by radiation at night time were observed. Heat haze by surface heating from solar radia-
tion was detected by the apparent cooler temperature of the laser path corresponding to a
longer laser path and large standard deviation of the calculated temperature.

Laser ranging is thus a useful tool not only to detect crustal movement but also to
measure air temperature on the laser path with an accuracy better than 0.2°C.

Key words : laser ranging, air temperature measurement, Kusanagi Fault
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BEX 1. #EXFERBRISEBIFT.
Photo 1 Crustal Activity Observatory of Shizuoka Uni-

versity.
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Photo 2 Auto-Ranger JX set on a pillar at the
Crustal Activity Observatory of Shizuoka University.
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YT: Tower of Tokai University on Yatsuyama Hill, YB: Antenna of

NTT on Yambara Hill, SP: slide plane of the Kusanagi Fault.

’

BRENTRE.

niversity in the Udo Hills

&, SP:
a U

, SM: BRI, K%

s, YB: WE

YT:

)

i
Index map. SC: Crustal Activity Observatory of Shizuok

1

tion of the Japan Meterological Agency,



12 ‘ FIEEH - BEX_ - KEE M-RE &

FH3. BHEKFERHRZHENTH» OB RO LTSS
Photo 3 View of the Advertising Tower of Tokai University on Yatsuyma Hill
from the Crustal Activity Observatory of Shizuoka University.

FER4. BEXKEARIZHBNFT> S BZUEDONTTYA 2 0y » — TeaiiiE,
Photo 4 View of the Microwave Relay Antenna of NTT on Yambara Hill from
the Crustal Activity Observatory of Shizuoka University.

F 7 EMAEL, MR-V
TRV EOBBHREEZT, MIDNEEEE-.
INHLORZEIZHE T, 10EOFEEITY, Fiy
ECEEREZEHEL, 10EE L BEREE,S
ROIZFHEDOOTREEBRIL, 1 £0.8mmTdH - 7z,
BEEERAE D7D DRI AREE O FE B EAE L /-
R, FEBAER (BEEE SCT201) OREREE
NT—HLTBY—ETH-T.

xR #WE

RKIFOXDOEEZEIILKEBTC, SEPmmHz, KELK
FEEmmHgIZ & » TELT B720Hi2, U—Y—RDEE
REIZAIE L TR ONIEHDSIZONVWTINHDR
RWEEfT-> CEMD*BEHTAILEND S, WEK
BAuvaRiL,

106.339 x P—15.02% x E
21315+ T

THd [WTCIZHBIT 5 FKESREEws i3,

D=Ds+Ds X (310.0- x 10-¢ (1)
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Photo 5 Electric wiring box, in which the mirror for
laser ranging is set, put on the Advertising Tower of
Tokai University (which had been used for broadcast-
ing by NHK) on Yatsuyama Hill.
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4 mPB L OHI10mm, KFE10mmHg(13hPa) OFALIZH L
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03mBEO 1 mBLTS. ZNODKBEFRDHT
SBEOEEIRORERYEFEZTHEYD, KIZKE
OFET, BEOHEBIRL/NIV. SELE DR
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Photo 6 Electric wiring box, in which the mirror for
laser ranging is set, put on the Microwave Relay An-
tenna of NTT on Yambara Hill.
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Te —273.15 (5)
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YREGEMIZIBEVWTHORBEEZEN LT, HEEXY
L LANMTWZ &, I00mEWESESFET S
bbby, HEAFOREBIREALTHHZ &
oD,

19965 1 A6 3 ARKRBOEFHF#L <, FH#IC
KEAREIKKATIZETTA > ZE0HD (K4b).
ZOROABIRE L IFEIBOEIZEERBEDE
TEEBIZ S5TCTETHRLTINDZ &I (B4a), X

F1 KEAUBECIRZTRIRET « JEP - EErOEE 15C, 760mHg, 50X %&EiES L ¢, #FEIL(3708.568m) & LK (10552.9
89m)DAERER*EHY. Er=20%0%41k, T=15C, P=760mHg, Er=20% DHIEE#H TH5.

Table 1 Effects of air temperature T, air pressure P and humidity Er for laser ranging from the Crustal Activ-

ity Observatory to Yatsuyama and Yambara in meters.

T=15C, P=760mmHg and Er=20% are used as standard

meteorologic conditions, and the distances to Yatsuyama and Yambara are 3708.568 m and 10552.989 m. For ex-
ample, in the case for which Er=20% in this table, the measured distances to Yatsuyama and Yambara are
shown in meters for the air condition of T=15C, P=760mlg and Er=20%.

P (mmHg)
(hPa)
0 3708.515m 745

T (C)

10552.839 (993)

5 3708.495 750
10552.782 (1000)

10 3708.476 755
10552.727 (1006)

15 3708.457 760
10552.674 (1013)

20 3708.439 765
10552.622 (1020)

25 3708.421 770
10552.572 (1026)

30 3708.404 775
10552.523 (1033)

Er (%)
3708.437m 20 3708.458m
10552.615 10552.676
3708.444 30 3708.458
10552.635 10552.675
3708.450 40 3708.458
10552.657 10552.675
3708.457 50 3708.457
10552.674 10552.674
3708.464 60 3708.457
10552.693 10552.673
3708.471 70 3708.457
10552.713 10552.672
3708.478 80 3708.457
10552.732 10552.671
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Fig. 2 Differences between the calculated air temperature of the laser pass for laser ranging and air tempera-
ture observed at Shizuoka Meterorological Observatory of the Japan Meteorological Agency (a). Differences in
air temperature between the Crustal Activity Observatory of Shizuoka University and the Shizuoka Meteorological
Observatory of the Japan Meterorological Agency (b). Air temperature at the Shizuoka Meteorological Observa-
tory of the Japan Meteorological Agency (c). Horizontal axis corresponds to time in o’clock. The size of plot-
ted points corresponds to 67% confidence limit of calculated temperature from laser ranging. The laser ranging
was carried out from the Crustal Activity Observatory of Shizuoka University to Yatsuyama Hill for 4 times for
24 hour continuous intervals in April and May 1995.
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Fig. 3 Differences between calculated air temperature of the laser pass for laser ranging and air temperature ob-
served at the Shizuoka Meteorological Observatory of the Japan Meteorological Agency (a). Air temperature at
the Shizuoka Meteorological Observatory of the Japan Meteorogical Agency (b). Horizontal axis corresponds to
time in o’clock. The size of plotted points corresponds to 67% confidence limit of calculated temperature from
laser ranging. The laser ranging was carried out from the Crustal Activity Observatory of Shizuoka University
to Yambara Hill for 4 times of 24 hours continuous intervals in April and May 1995.
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Fig. 4 Differences between calculated air temperature of the laser pass for laser ranging and air temperature ob-
served at the Shizuoka Meterological Observatory of the Japan Meteorogical Agency (a). Air temperature at the

Shizuoka Meteorological Observatory of the Japan Meteorological Agency (b).

Horizontal axis corresponds to

time in o’clock. The size of plotted points corresponds to 67% confidence limit of calculated temperature from
laser ranging. The laser ranging was carried out from the Crustal Activity Observatory of Shizuoka University
to Yatsuyama Hill during automatic measurements from January to March 1996.
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Fig. 5 Differences between calculated air temperature of the laser pass for laser ranging and air temperature ob-
served at the Shizuoka Meteorological Observatory of the Japan Meteorological Agency (a). Air temperature at
the Shizuoka Meteorological Observatory of the Japan Meteorogical Agency (b). Horizontal axis corresponds to
time in o’clock. The size of plotted points corresponds to 67% confidence limit of calculated temperature from
laser ranging. The laser ranging was carried out from the Crustal Activity Observatory of Shizuoka University
to Yambara Hill during automatic measurements from January to March 1996.
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