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Determination of Geoidal Heights by Comparing Orthometric Heights
with Ellipsoidal Heights Obtained by GPS in the

Akaishi Mountains Area,

Central Japan

Hiroshi SUZUKI', Mikio SATOMURA? and Masahiro MASUNAGA?®

Abstract

GPS surveys have been carried out at 12 stations near benchmarks in the

Akaishi mountains area, central Japan. We compared the ellipsoidal heights obtained
through GPS surveys with the orthometric heights obtained through leveling surveys. We
also investigated crustal movements between the time of the leveling surveys and the GPS

surveys.

The geoid undulation differences were determined by subtracting the ellipsoidal

heights from the orthometric heights after correcting the crustal movements.
The results show that the geoid undulation obtained is significantly steeper than that
of the ORI-89 Geoid Model, which is thought to be the most reliable geoid model for

Japan and its vicinity.

Key words: geoid, GPS, Akaishi Mountains

& L & (C

THA FOREFROH LI, FHiE, REEEHE
B EORHROLBIZLZ2BEERBEENF O TWY
oA, matit, NLEEOHEENT»HRD L FiE,
BENF— 3PS A =0 ARG %477V FF TER
BANZEOUOS - a VFEIZLDRD L FE, LRI
OWTIE, NLEETNVF AN —OF— 72 F/HL
TEBBIZKO 2 FELZEMFEDRLTWS. TILF 2
) =DF—=7 ML, PFARFFOLOFWELT
WHDHITTIERL, MBNEZT- 2041 Frik
DTNWBILIIRS.

—7, ¥4E, HfHMBICVLBI, SLR, GPS
EVO - FEHBEMPBEAIND L) kosTz, b
EROBEHPE LIRS Y, MR EN AR

ThY, RROERF VI v VEH 2 FEHELE L KEH
BEOERIEBTAZLICIY, PHETHE —KL
TERFUVXNVEATHAEIAA FEERD LI LM
T&5., COEOMEER, BHARIIBTRERKE
(Yabuta 1993 ; #EZE XA 1994 ; Yamamoto et al.
1994) R B HIAE (Tabei et al. 1994)I2 X hfThhTw
595, HELUEOREHAICOWTIZE L R (7135
1992)I2 X Dt EER LB TITb T A LS B #
BIZITbRTW B RET, BEBAF TR T ZHEENI
FMfTbh vy, FLIFRGUREBELTBLET S
i A R IR IS BV CKESEE TGP SHIE
T, KEESOEBEGP SHEIC X 2HHASOK
BrOSUF AL FORERDL-OT, 2OBELHRET
5.

' ARERERBERE (BA HAEERMRASH)
Present address: Nihon Kiso-Gijutsu Co. Ltd., Japan
HRAERELHFERE T422 BETHKAL36

Institute of Geosciences, Faculty of Liberal Arts, Shizuoka University, 836 Oya, Shizuoka 422, Japan

WRAXFBEBMFHE (BE BEHRER)

Present address: Suma-ku, Kobe City, Japan



30 EZES

- B RO

36°00

® [ijjima

| ®Nakatsugawa

NN

® Misakubo

l e
Yugashima

® Kyoraishi

® Nanbu
(
[ ]

Susono

® Shizuoka

Maisaka Sagara 4\/{
Omaezaki
34°30’ : ] 1
137°30' 50km 139°00'
| eoawes  ceeee
Fig.1 Distribution of the stations of GPS survey.

Table 1 Coordinates of the observation sites (WGS84) and distances from the reference station.

Station name | Latitude(N) Longitude(E) | Ellipsoidal | Distance from the Referred benchmark
height reference station number
o 1 . m km
Shizuoka 34 57 56 138 25 52 71.50 0.3 I BM 16164
Omaezaki 34 36 20 138 13 30 42.25 44.0 Tidal Station
Sagara 34 40 30 138 11 00 149.39 39.2 I BM 2591
Misakubo 35 10 06 137 52 08 303.96 55.7 I BM 5298
Yugashima 34 54 11 138 55 32 966.78 45.8 I BM 48-008-012
Maisaka 34 41 10 137 36 39 203.64 81.1 I BM 2685
Asagiri 35 25 23 138 36 34 41.38 52.8 I BM 10361
Susono 35 11 48 138 54 46 220.25 50.8 I BM 10069
Nanbu 35 18 13 138 27 01 198.18 37.5 BM 80
Kyoraishi 35 51 18 138 17 28 729.17 99.5 BM 597
Tijima 35 39 59 137 55 06 740.51 90.7 BM 5333
Nakatsugawa | 35 29 16 137 30 21 381.30 102.9 BM 019-081
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Fig. 2 Location map of GPS stations. Closed circle shows GPS station and open quadrangle shows benchmark
which is referred to obtain orthometric height. Circle R shows the reference station and circle S shows Shizuoka

station in the Shizuoka map. The length of each side is 2 km.
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Table 2 Results of the geoidal height.

- BAERR 2KHEE

Station Ellipsoidal Ellipsoidal Orthometric height Crustal movements | Geoidal height ORI-89 Difference
name hetght height before correction between leveling obtained by the Geoidal between two
difference of crustal movements and GPS surveys present study height geoidal heights
m m m m m m m
Shizuoka -30.463 £0.020 77.50 37.54 -0.02 39.96 39.64 0.32
Omaezaki -62.715+0.048 45.25 5.84 -0.06 39.41 39.26 0.15
Sagara 41.429+0.048 149.39 109.88 0.07 39.51 39.37 0.14
Misakubo 196.002+0.033 303.96 261.40 0.09 42.56 41.43 1.13
Yugashima 95.682+0.034 203.64 162.96 0.12 40.68 40.39 0.29
Maisaka -66.577£0.050 41.38 2.03 0.12 39.35 39.25 0.10
Asagiri 858.822+0.013 966.78 924.21 -0.03 42.57 41.28 1.29
Susono 112.292+0.067 220.25 179.51 -0.07 40.74 40.14 0.60
Nanbu 90.220+0.026 198.18 156.28 0.04 41.90 4047 1.43
Kyoraishi 621.207+0.044 729.17 685.62 0.01 43.55 42.01 1.54
Iijima 632.550+0.058 740.51 697.14 0.03 43.37 41.51 1.86
Nekatsugawa| 273.429+0.047 381.30 339.84 0.00 41.55 40.15 1.40

Table 3 Estimation of the errors of the obtained geoidal heights.

Station GPS | Orthmetric height | Survey between Total( RSS)
name at benchmark BM and GPS site
cm cm cm cm

Shizuoka 2.0 0.0 0.2 2.0
(maezaki 48 0.9 0.2 49
Sagara 4.8 0.8 0.3 49
Misakubo 3.3 15 0.1 3.6
Yugashima 34 1.2 0.1 3.6
Maisaka 5.0 1.3 0.1 5.2
Asagiri 1.3 1.1 0.0 1.7
Susono 6.7 1.0 0.5 6.8
Nanbu 2.6 0.9 0.1 2.8
Kyoraishi 44 1.4 0.1 4.6
Tijima 5.8 1.9 0.1 6.1
Nakatsugawa | 4.7 2.2 0.2 5.2
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Fig.3. Geoidal heights obtained through the present
study (upper) and the difference between the present re-
sults and the ORI-89 Geoid Model (lower). The errors
with the geoidal heights are those of geoidal height dif-
ferences from the reference station (Circle R in
Fig.2). Unit in meters.
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