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MEASUREMENTS OF GEOID UNDULATION DIFFERENCES BY GPS IN
SOUTHWESTERN JAPAN

By Kunio Funmori, Takeyasu Y AMAMOTO, Toshihiro HicasH,
Shuzo TakeMoTO, Ichiro NAKAGAWA,
Takao Taser and Shigeo WATANABE

Synopsis

GPS/levelling geoid undulation differences were determined at 37 stations in Chugoku, Shikoku
and northern Kyushu districts of southwestern Japan. Since the measurement area was widely ex-
tended, five reference stations, coordinates of which were accurately determined, were used in GPS
measurements. The geoid differences determined by the present study were approximately consis-
tent with the preceding geoids, such as the JHD geoid and the ORI-89 geoid.
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Fig. 1. Arrangement of GPS/levelling stations.
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Table 1. History of GPS measurements

1/22 23 24 1/29 30 31
B Kyoto |O O O M Kochi O O O
Hineji O O O Mihara N O O
W Xochi [O O O Iwakuni x O O
Okayama |O O O W Aso O O O
Ibara b SVANRIVAN Yamaguchi O O O
Naruto | A A X Shimonoseki [O O O
Nithama | x X O Fukuma o O O
Iyo C O O Karatsu C O O
8/25 26 27 9/ 1 2 3
B Tottori |O O x B Kure O O O
Tsuyama [ x x O Yashiro 1. |O O O
M Xure o O O Shinnanyo [O A A
Miyoshi {1 O O O MW Aso O O O
lzimo |O O O Kurume o O 0
Hamada O O X Buzen o O O
Otake x O A Kumamoto AN O O
Naokawa x O O

11/24 25 26 21 12/1 2 3

B Xochi |]O O O O B Kochi| O O x

Aki x x x O Ochi O O x

otoyo| x O O Kuma O O x
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Fig. 2. GPS/levelling geoid undulation differences refer to the mean of those of all stations. Unit is in
meters. Contour interval is 1 m.
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Table 2. List of GPS/levelling stations

Station name  Address Institution Coordinate (WGS84) Elevation BM No.
Kuwana  SERAZAH KFVNERE 35 451 1364010  73.183 35.901 1969-1
Ueno =EE L (1421) 344637 136 823 182.927 144.111 1421
Ise Bt (F40) 342842 1363420 00417 51.294 F40
Owase =EHRRET Sy lEEE 34 353 1361152 61544 21.444 4778
litaka sERmwEmmae  DETREER 549033 1351326 258.096 217.584 1528
Mikuni BHESRARMSEE (113245 361041 136 845 42.662 5.968 11-3245
Imazu WERBEMARET (1328 352422 136 0 9 163.407 126.713 1328
Gojo ZRRAMETN FRNER 342142 1354233 214.750 174.812 F56
Sarutani dam ZREFFHHRIN BEF A 3410 46 13544 31 480.245 430.102 4863
Totsukawa ZREEFHH-FRIIN  FRIAES 335918 1354733 232.005 190.761 4840-1
Uenoji ZpEEEH RN B 34 557 1354537 371.860 330.608 4856
Kii-Kainan  FiSKkiL B aaRa i WGREREE 34 836 1351130 40988 2.767 Al4
Hongu FILL R 2 AR AR AT (4826) 334918 1354719 95006 54.419 4826
Shimosato g%mbﬁ’?—ﬁ@f“ﬂ% TEABRERTF 332648 1355613 07.020 58.000 4978
. SO ST
Shionomisaki FHk L7 4 B AR AR %%ﬂmmﬂ% 3326 48 1354523 109.513 70.872 042-168
Shirshama  FIGLBFEABERGEET (EMEF 3341 1 1352231 4185  3.235 X1
Kyoto R T ESgD 35 151 1354650 124893 87.519 241
Maizuru  EOERRFEET (1365) 352640 13520 8 44.060 7.025 1365
Suminoe  ARAEEZIIK FTVERE 343616 1352918 50.659 12.779 245
Akashi AR WEEBAS 343952 135 145 132938 95.856 Kobeds?
Himeji RERBEIATE KRR 3450 3 1343549  65.758 28761 417
Okayama  MRILEEILT B eege 344020 1335757 56373 19.782 382
Thara R LI Wi 343535 1332734  83.279 47.190 1606
Tsuyama  MILIRERLH GeRIlpERE 35 240 1335810 147.170 110.386 SF1754
Tottori BEURBITH BECKS#EE 353055 1341028  71.264 35195 009-213
Mihara EER=R ZEUNER 342413 133 459 61114 25.876 F55
Kure 5 BB W LREASEE: 341442 1323143 52912 19.620 Kure 10
Otake B BRATH KA R 341234 1321258 47.457 14.648 1687
Miyoshi  [EBE=) SyopERE 344842 13250 40 205.419 170.070 054-069
Tzumo BAREGIELIET  FEERE 352242 13248 0 56.840 22.072 2970
Hamada  BRARMET BERARERS 345353 132 418 51173 17451 009457
Yashiro I 1B B ERHEAT Beh/aEe 3355 3 1321812  46.853 14.449 3496
Twakuni  \UQEZETEHGIET BGOSR 34 554 132 435 100.553 76.692 SF1878
Shinnanyo Ll F BF BT HEAEE 34 424 1314544 46.302 13.215 SFI717
Yamaguchi  WJABILOH WEREEE 34 916 13126 6 56.915 23.520 1739
Shimonoseki 1L FBA TR/ 34 347 131 317 51232 18.343 SF1763
Naruto LT STILERE 34 936 1343228 58939 21.933 305
B FO DS ST
Tkeda 8 2 P = 7 R M LT %g%%ma‘& 34 219 1335040 184.356 146.581 032-063
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Table 2. (continued)

Station name  Address Institution Coordinate (WGS84) Elevation BM No.

o +r o r

Awa-Kainan 85 REIRERGERIET wREETRE 3336 7 13421 8 55239 17.528 5115

Kochi L=yl g =i EREAEAE 333258 13329 9 70.363  33.568 5000
Aki RHEBRRET TEEEEH 332959 13354 2 61.848 223.805 5164
Muroto BHRZEFT SEPRBEAT 3315 8 1341039 222.962 186.096 5141
Ashizuri  ESURHAEREAT BEBRTER 324324 133 037 65460 30.684 %2
Otoyo AR R R A A B AT KEE 5 334552 1333951 299.480 261.383 5021
Ochi TS0 R R AR AR S T RRANET B 333158 13315 8 112.381 75.233 4686
Nithama FIRRH R T AR DNERE 3356 14 1331947 117.858 81.311 3417
Iyo TR FERFARTRT [l 334816 1324318 55.658 21.739 4538
Uwajima FIREFMER BB 331254 1323334 52.607 18.767 4589
Kuma FIRR LR REATET AGERE 333920 13254 7 531.250 495.382 4719
Fukuma B RSB ER R T ErTEk 334531 1302842 58526 25.370 1805
Kurume BREBRARXT BEPNER 331648 13032 5 70.714 37.519 1838
Buzen ERRE LA ERT HEPER 333633 131 954 51.268 18.106 1976

Karatsu SRR R RN AT gxmwm& 3327 0 130 221 46.775 13.868 3215
Kumamoto ABARAEATHEIET  F/EEE 3246 5 1304313 52.469 19.285 2706

kit S -
Aso REA R P ARER R BB km%%m% 325310 131 023 600.948 567.252 II-10400
TR AEEEH
Beppu KRBT %%%ﬂ#m% 3317 2 13129 9 106.845 74.384 1941

Naokawa Ko REEEMEEIN BENA®S 325347 1314643 107.754 76.045 2605

1 Fixed point of tide station.
2 Bench mark of observation field.
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