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Developing the standard operating procedures of ellipsoidally referenced surveys at coastal waters in Japan (3):

Analysis of the difference from tide gauges and implication for the construction of a vertical datum model

Hiromichi RINNO*', Katsuhiko SATO*?, Noritsune SEO** and Masahiro NAMBU **

Abstract
In this paper, following Okubo et al. (2022) and Shiozawa et al. (2023), we proceeded with verification and
analysis toward the practical application of ellipsoidally referenced surveys. We analyzed the factors behind
the actual differences in the results between ellipsoidally referenced surveys and conventional surveys,
then considered the necessity for countermeasures. The results suggested that the ellipsoidally referenced
surveys can reach the required accuracy along the coast of Japan. For further improvements of the
accuracy of vertical datum models, it will be necessary to take into account the characteristics of each
region. It is also preferable to use tide records directly referenced to the Earth’s ellipsoid through GNSS

measurements, rather than through Tokyo Peil.
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Fig. 1. Sea areas tested in 2023.
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Table 1. Equipment used in the 2023 test, distinguished by the sea area used.
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Fig. 2. Bathymetric data processing workflow.
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Table 2. Mean and standard deviation of the
bathymetric differences between the main
survey line and the cross line.
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Fig. 3. Tidal height measured at the tide gauge and vessel's height observed by GNSS (GNSS Tide) at Yokosuka.
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Table 3. Mean and standard deviation of the differences between GNSS Tide and measured tide at tide gauge.
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Fig. 4. Data processing workflows for bathymetry data
processing using the ellipsoidally referenced
surveys and conventional surveys (adapted
from Shiozawa et al., 2023).
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Table 4. Month Chart Datum Level was adopted, variation in mean sea level, and month of benchmark revision.

F 4. BAUKEORMEN & FKEOZEE), T KL OSAEH

AR S .
RAEKE e e EIRESD -
- e - 2016-20200 BB O al (s ERED
EX i SR \ B s =8 |
) T REDEE) HR {7k Cmmoorny | BT EES
B . IR
(BAIE2Em 1)
—BX EEET H7.6 0.09m| %8354 H23.5 950125
—EK Z)I38 R3.10 0.00m B H29.1 960550
—EK Bt $62.9 -0.07m %1 H23.12 950184
FURBEER 5K
&K > \%ff Ef = H19.4 0.06m 10840 H23.7 93067
RUBEESEIX
L= PRI H6.12 -0.04m A 950309
. H25.11 0.03m 435 H24.3 950354
AEX BT
H30.12 0.02m 430 H19.11 950354
FREX K THER R4.3 0.00m L
tEX BIATE H5.10 0.09m 5369 H22.4 950473
NEX a3 H27.11 %1120 EA 960656
NEX HiH% H27.9 -0.03m 4447 AR 950237
1255
+EKX - “%/%\ H26.5 0.06m 2469 H18.10 960721
BILRA LK
" . - 02P212
+—BR |ames $55.12 0.16m| %9631 H5.11 i
BFEP =
TWhH I L LEEPNNTNS., JUEXBEVES 3 XKIConTlE, MEo Xk

THERXZINBIZOWT, ZO¥H)T02l m &
KREBRETH 57225, WALH T RPN ER O
RRAEFPRKRECHIFTH Y, FEEOID FR
WRREBOMIEDR LT Wk hrolz b2z b
. %H, BONEZONDIMIEERIT - 720%%
T B I L IZTE L h o T

P XA BB LIRS DWW TIE, fEkolEdiE
THAEL LTV 5 —BEOEIZIY H i ds iy o
PHE 6 AEREO BN Z AL & LT 523, KK
T 75 V3 44 R B B & SRR B 35 o 2016 ~
2020 SEDOBIMNE % JCITAER L7720, 0w
VB LI-EEZLONS.

ANEXKTFHETIZOWTIE, 44, FE4 7
ORI (R, b, L, BhEsEE) o
TR A WV CRIOKIEE TV EER L7z & 25,
ADFEHT-014m ERRKRELEND - 7-.
#BH, KK E Z O HT o GNSS & 5 5
ML CRIKEEFT VEERLELZE S
%, EOFEE-0.02m, ZEOEHRERZ 0.05m
WZeE L7,

D TEIESOE b € O I RRE L 72 ke B
Fra i L7zoix L, sARKIHE 7OV I &
H AR & 70 SHRIKIE O H AR TGN ALE 9 2 Btk
I 2 JCIAER L7272, Halchix B TE
TV h o 2 REEATE V. HiEIC B0 2 Y El
We GNSSHEOHAFTDEIIRONTEY,
T BGEDS T & o 72,
TEXERBEERICOWTIE, RAKEE 7 VE
WA L 72 BE SR Bl A ORE S IC oW T, il
AR > & — (2019) Tl [TEIM4EH H24.2
BN LA OFE RS — 1.946 m ], #Ei7A-Fm & v
¥ — (2020) T [BUM4EH R2.9  BI 24w
DR -2018m] ERELEDboTEY, M5
PORDBAS>TVWLIREENEZONS. F
72, MR XE & B VE BT OALE DS L T B
WEDZZOoN L. JlE XL B OALE D
BIZOWVWTITA3HITELET 5.

ARMEEH O AR KT E 7 VAER I 72 - T,
F5 ffIC X 2 EROME XM HEROFETH 5
2011 4 b OEFEZ RO THH L7225, €D

_35_



Hiromichi RINNO et al.

W R BRI T OIS K HE ST O R OBEHAE H R, K
R ROEEA L EETHRETHo72. Bk
OUMEABAH R AKER DAL TBY, T4
WY R ML o 72 8 BV, KRR
K THTER KR 00 -3 7K T 2 & SRR T B 7 VAR
WA L 723K TOEB &, KT O
fiKHE i & SClIAE H % Table 4 1I2F &7

4.1.4 A1 5 4R EEMGE O A

A5 AR BEICIIRR & 22 W8S D W CRAT LEGE
AT 7208, WINOWHETH GNSS HIfZ I & -
T A IEA W BETH - 72, — O T
W YOE R ICOWTHER FE & R R R & i)t
WRoh7zns, FITREOKIEE 7V OFER T I
WT2b0Th), ML ERTHL. I
WX ) AARFELTHEYIC GNSSIE 5% ZETE
BEBETHIE, T4, PRI KGR DS
AWEETHLEHENS.

42 RROKRAZEELHFEAFELEKRAZELD
=R
PERDERBIFTIC & 2 @ISR X A KEEHNE &
Fa P S e K PR & oo (3 - s (2023)
THREIN/Z7u— (Fig.4) o& B, W&
WIEDEWZITTH A, WHERMEITEETH L7
O, MEAEIZH 72> T, BRmlpr oz & GNSS
Tide 22V THEHTRITR V.
AEOERIE, HEEE - il (2023) 12T [FEM
K - WE ORI OENT X Y R T B KIED M
R | (Table5) & LTSN TWVS.
[HERICET 2EEN] & LTEIrTVS
[BHEDOLN—T —2F 7ty bOE S ORI
L, BARBICITMEEEEE GNSS T v 7+ D F
SHBRTH L. THITENZFNOMCHELR O
EARIUARATE T B 720, MANCELD fH 2 B F 72
BRI AT P2 )R S BIR A AERR L, A
T HLEDNDD.
—), PERTFETEEL G2 Twi: [BUKOH
Y KGR | TREHRE - s o ZMbic X BBk ZAL
WZOoWTIE, AR EICB W TIZER

Table 5. Depth difference factors between bathymetry
for the ellipsoidally referenced surveys and
conventional surveys (adapted from Shiozawa
et al,, 2023).
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Fig. 5. List of Mean Sea Level, High Water Datum
Level and Chart Datum Level (excerpt from the
Japan Coast Guard website).
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