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Analysis of National Vertical Datum Connection Using Tidal Bench Mark
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Abstract

Recently, the velocity of sea-level rising has increased due to the global warming and the natural disasters have
been occurred many times. Therefore, there are various demands for the integration of vertical reference datums for
the ocean and land areas in order to develop a coastal area and prevent a natural disaster. Currently, the vertical
datum for the ocean area refers to Local Mean Sea Level(LMSL) and the vertical datum for the land area is based
on Incheon Mean Sea Level(IMSL). This study uses 31 points of Tidal Gauge Bench Mark (TGBM) in order to
compares and analyzes the geometric heights referring LMSL, IMSL, and the nationally determined geoid surface.
11 points of comparable data are biased more than 10 cm when the geometric heights are compared. It seems to
be caused by the inflow of river, the relocation of Tidal Gauge Station, and the topographic change by harbor
construction. Also, this study analyze the inclination of sea surface which is the difference between IMSL and
LMSL, and it shows the inclination of sea surface increases from the western to southern, and eastern seas. In this
study, it is shown that TGBM can be used to integrate vertical datums for the ocean and land areas. In order to
integrate the vertical datums, there need more surveying data connecting the ocean to the land area, also cooperation
between Korea Hydrographic and Oceanographic Administration and National Geographic Information Institute. It is
expected that the integrated vertical datum can be applied to the development of coastal area and the preventative
of natural disaster.
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Table 1. TGBM Installation Areas(2012~2013)
No. Designation No. Designation No. Designation No. Designation
1 Daecheongdo 13 Chujado 25 Pohang 37 Janghang
2 Incheon 14 Jeju 26 Ulleungdo 38 Yeonggwang
3 Ansan 15 Seogwipo 27 Mukho 39 Jindo
4 Gulupdo 16 Sungsanpo 28 Sokcho 40 Mosulp'o
5 Daesan 17 Wando 29 Youngj qng Grand 41 Goheung
bridge
6 Anhung 18 Geomundo 30 Kyung In port 42 Suncheon gulf
7 Boryeong 19 Yeosu 31 Gr(a}fllzggzgge 43 Gwangyang
Young Hung
8 Gunsan 20 Tongyeong 32 Island 44 Masan
9 Ochungdo 21 geojedo 33 Song-do 45 Jinhae port
10 Wido 2 Gadeokdo 34 Pyeongtaek 46 Busan
new port
11 Mokpo 23 Busan 35 Taean 47 Donghae port
12 Dae-Heuksando 24 Ulsan 36 Seocheon 48 Hupo port
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Figure 4, GPS Network
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Table 2. Geometric Heights of TGBM
LMSL KNGeoid IMSL LMSL KNGeoid IMSL
No. Geometric Geometric Geometric No. Geometric Geometric Geometric
Height(m) Height(m) Height(m) Height(m) Height(m) Height(m)
1 8.9270 - 8.9289 25 2.4520 2.1385 2.2280
2 6.6830 6.6967 6.6776 26 4.9420 - 4.9575
3 6.8550 6.8846 6.8666 27 4.8380 47674 4.7094
4 7.6930 7.9978 8.1363 28 3.1780 2.9498 2.9958
5 5.0670 5.0811 5.0839 29 20.0751 20.0948 20.0570
6 4.4740 4.3778 4.4468 30 6.8427 6.8641 6.8248
7 9.3800 9.1620 9.2124 31 6.9764 7.4834 7.4986
8 7.3720 7.2752 7.3406 32 8.3725 8.4103 8.3468
9 11.7160 11.6185 11.7139 33 7.3208 7.3240 7.3117
10 5.5410 5.9974 6.3821 34 6.3969 6.1889 6.1917
11 31.1610 31.1041 31.1926 35 8.5236 8.4979 8.4979
12 11.9700 12.0166 12.2888 36 5.2594 5.1979 5.2534
13 11.7500 11.5658 11.7537 37 4.8058 4.8743 4.8737
14 2.3270 1.6941 2.2458 38 10.1607 10.1330 10.1447
15 3.8280 3.5923 3.8542 39 5.5872 5.5075 5.5605
16 1.8310 1.7405 1.9565 40 2.1464 2.0553 2.2666
17 4.7400 4.5380 4.6481 41 5.1113 5.0088 5.0749
18 6.0910 6.0078 6.0996 42 3.9605 3.9597 3.9754
19 9.8940 9.6937 9.8040 43 3.9521 3.7086 3.8017
20 2.9750 2.7957 2.8719 44 2.4239 2.3433 2.3814
21 6.2570 6.0932 6.1814 45 18.2389 18.3344 18.2779
22 4.2930 4.0924 4.2868 46 2.0887 2.1605 2.1168
23 13.2330 13.0350 13.0872 47 5.3022 5.2392 5.2961
24 3.3240 3.1498 3.1974 48 2.5989 2.5423 2.5108
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Table 3. Comparison of Geometric Heights(unit : m)

No. LMSL IMSL LMSL NGII
-KNGeoid | -KNGeoid | -IMSL | Service

1 - - -0.0019 | 0.0019
2 -0.0137 -0.0191 0.0054 | -0.0191
3 -0.0296 -0.0180 | -0.0116 | -0.0180
4 -0.3048 0.1385 -0.4433 | 0.1385
5 -0.0141 0.0028 -0.0169 | 0.0028
6 0.0962 0.0690 0.0272 | 0.0690
7 0.2180 0.0504 0.1676 | 0.0504
8 0.0968 0.0654 0.0314 | 0.0654
9 0.0975 0.0954 0.0021 | 0.0954
10 -0.4564 0.3847 -0.8411 | 0.3847
11 0.0569 0.0885 -0.0316 | 0.0885
12 -0.0466 0.2722 -0.3188 | 0.2722
13 0.1842 0.1879 -0.0037 | 0.1879
14 0.6329 0.5517 0.0812 | 0.5517
15 0.2357 0.2619 -0.0262 | 0.2619
16 0.0905 0.2160 -0.1255 | 0.2160
17 0.2020 0.1101 0.0919 | 0.1101
18 0.0832 0.0918 -0.0086 | 0.0918
19 0.2003 0.1103 0.0900 | 0.1103
20 0.1793 0.0762 0.1031 | 0.0762
21 0.1638 0.0882 0.0756 | 0.0882
22 0.2006 0.1944 0.0062 | 0.1944
23 0.1980 0.0522 0.1458 | 0.0522
24 0.1742 0.0476 0.1266 | 0.0476
25 0.3135 0.0895 0.2240 | 0.0895
26 - - -0.0155 | 0.0155
27 0.0706 -0.0580 0.1286 | -0.0580
28 0.2282 0.0460 0.1822 | 0.0460
29 -0.0197 -0.0378 0.0181 | 0.0030
30 -0.0214 -0.0393 0.0179 | 0.0170
31 -0.5070 0.0152 -0.5222 | 0.2800
32 -0.0378 -0.0635 0.0257 | -0.0930
33 -0.0032 -0.0123 0.0091 | 0.0380
34 0.2080 0.0028 0.2052 | -0.0600
35 0.0257 0.0000 0.0257 | 0.0350
36 0.0615 0.0555 0.0060 | -0.0200
37 -0.0685 -0.0006 | -0.0679 | 0.0320
38 0.0277 0.0117 0.0160 | 0.1040
39 0.0797 0.0530 0.0267 | 0.0520
40 0.0911 0.2113 -0.1202 | 0.1600
41 0.1025 0.0661 0.0364 | 0.0600
42 0.0008 0.0157 -0.0149 | 0.2000
43 0.2435 0.0931 0.1504 | 0.1530
44 0.0806 0.0381 0.0425 | 0.1420
45 -0.0955 -0.0565 | -0.0390 | 0.1390
46 -0.0718 -0.0437 | -0.0281 | 0.0870
47 0.0630 0.0569 0.0061 | 0.1630
48 0.0566 -0.0315 0.0881 | 0.1000
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Table 4. Sea Level Slopes of Korea coast

Sea TGBM Result(cm) NGII Result(cm)
Level average standard average standard
Slope VETAEE | deviation | 2VCT8¢ | deviation
West 15 53 639 | 246 5.34
Sea
South |5 o1 645 | 1157 | 1161
Sea

East Sea| 12.59 7.56 6.47 7.38

Figure 9. Sea Level Slopes of Korea coast(1993)
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Figure 10. Sea Level Slopes of Korea coast(2012~13)

Table 5. Comparison of Sea Level Slopes(1993/2012)

Location 1993 Sea Level 2012
Slpoe(Lee. C.K) Sea Level Slpoe
Inchon 0.0cm 0.54cm
Kunsan -6.3cm 3.14cm
Mokpo -17.0cm -3.16cm
Busan -13.9cm 14.58cm
Ulsan 2.0cm 12.66cm
Mukho 2.8cm 12.86cm
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