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Abstract

A method to convert the reference level of chart depths from the lowest tide level to the mean sea level was
developed to improve the quality of bathymetry datasets of the East and South China seas. The conversion was made
by referring to a newly compiled database of the offset value (Zo) derived from that listed in tide tables. Numerical
simulations using the revised East China Sea bathymetry revealed that the depth correction lead to 40% reduction of
the RMS difference between the predicted and observed Mz tidal amplitudes, mainly due to the changes at regions
with shallow depths and large tidal range such as the Korean west coast and the Southwestern Yellow Sea. It was also
found that the global bathymetry dataset GEBCO2019 uses chart depths without applying the correction and the
mismatch between the zero level for the land and sea seems to have caused erroneous depths at intertidal zones.
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Fig.1. Map of two bathymetric datasets, Tecs and Tscs, created in this study.
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Fig.2. Relation between depths actually measured (Hobs),
depths that refer to chart datum (Hwm) as indicated in
navigational charts, and those refer to mean sea level
(Hm). Zo denotes offset between the two reference levels,
Hr "height of tide" shown in tide tables and Hr' an
instantaneous level above the mean sea level (MSL).
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Fig.3. Examples of navigational charts showing intertidal
zones with shadings. (a) Tokyo Port (Japanese Chart #60
issued in 1924. Courtesy of Institute of Geography,

Tohoku University) and (b) Incheon Port, Korean west
coast (Japanese chart #326 issued in 1986).

14

AFE T [Pk | & T AR i 1 1, LIRS R A
BSNTNDEDD | < ETHFIKIFRAERFAEH S o BLER
RETHD, WHFEN B S IIL T LR\, 22T
1, EELOURE S ELIBAT S LI LT 528, BERRIRYICIX
RETHDERET 5,

TR 72 5D O S AR/K S VL L 72 K R

Hy=Hc + 7 1

DEIRICH D, 2T Zo X FHIKE L FARKAE LD ETHY,
HEMICEETERIND, HIEKEIL, TN ET2R5Z
EMD TN TR . BRI BRI EIC Lo TR
725, B A TIINE BRI i CEEI7K dh B o =224
SHORIBORITZHENE ) L TED M EHNE
OSBRI DL Zo DIEMME_LIRZ T DR — b5 —
DICTARENTWAYL, 20 1250 TE, BRATic k15
2SI FePUE T h FEH S T,

EHIT, KRR R OFE IO HFHE L 72 BIAGKIE Hos &
HEXI K He EORITIZLL F ORI 5,

Hops = He + (Zo + Hy’ ) = He + Hy 2
T, He IR R O SR K T EOWIRLTHY | He IR
WD Zoy ZMAT-Be, T b RBKmZIEAEL LT KTmD
ESZWE Hy EPES, A KRR RIS BT 51
A AT LR ON, KGR EICEEL RIS LTk
200m LA OBGHT CIXZ O EEITHIZ SN TND, AT
UL, SO A I 1% OUE KK GREAR O JIEKGRE
ERALRWZENS, LTI HY & 29, )RS
Hu & He DO ZE 5 W i IE L PESZ SIS T 5,

RN Z BT AR K T & FEHE L LT KR SRl 3D D1
R IEO FET, B biThhTwa, Fil 2,
Fig.3a 1% 1924 - TAT OGS 60 5[ &JIVE ) O —#Z R
L7=bDTdhb, 4 H ORI X 0B Y X (2 7= 5 ki /|
JUFAT OV D TR PR A 7- S 13, ok kw Bl
AE TR # 2R L CWD, MR CIE FaEEIEIcEdD
EMB | FARKE LD @ WG TS 52 B ORI O KIEIL
BE (TRTEDET) LLTRENTWS, 20 X725
1%, 4 HOWEXTH i Tung,

WA T, Y IR AR SR KE DO EBHIcED
DT, BT OKIENRELLE DD, #il21% Fig.3a DOFEH
JURAT B OF R HF D KIEIE-0.3m~-0.1m EFESINTVDS,
ZIUERARAKE DN DR ST ThH D, ZOWEX TILERD
PR OESERARKA L 1.1m ERELTWDIEND,
KA T OKIETHET L 0.8~1.0m L4551 fET 5,
[FERIC Fig.3a HHR NMUDER (FA<ERINIZEHEOE) D
KB 0.2m~0.6m CELESAVTNDAS, SR K i E#LK
FHNHFE T AL 1.3m~1.7m Thb, KEDEZEIE-
THEAS 2~6 (FE b TLEIZLITRD,

R KR K HEIL AR D78 Zo 1, WIZEDS K E N
ST CIXRR TR £ 70D, K ZE CRIBLDEEE D=1
TUE Zo DY 4.6m, FRIHF OIEIX 10km BL_EIZ K 55 (Fig.3b),



B AR T — 2 2 Al 10D

BAET T LTI, BFEROS BTN OB a8 & 4K
LIREL . KEE Om OALEZ MR R EARE L TODHTEN
20N, TEo THERV VR I T & Al 1IE DA 4535 R
ICRESEEL TWDRIEESERH D,

INFETRUTEI KIS ERARAK 7 E OB HIZ—
TE BB OB BHETHY , ERITKIENENTH
NEMMETIHERREAFELNIRNZEN R THD,
ZDOTORIER Zo OUWEITIE, HIELEFH OHBHIHED
EEMBNTET S, TETITMB TT AR RERALT
MED Zy ZHEETHRABIED SR THBEHRM B BLRT
TEHIEE R OB O Zo 2B AT 22EMZ N, ZORi
PRI | ME K % 2 K T LK VR S 2 B 3 7
RPEERE TR,

3. Fi&

7 — 2 OVER FNE% Fig.4 1279, HAR/K I 2L
T2 —MOKET — 4%, B /K ERL D K RIS
DB BEEHIT, BHIIMTEIR 2T 57 — &
— 2B T 2RPMERDOREIT R /25, LUF T34 ElO
I R OFEHINE QNSRRI AW £ T A DWW
T2, KGET —ZOEERE | BB E RN
HIZ DWW, AEIOHEE S S0,

31 ZoT—AR—RDER

SR K E BRI DZETHD Zo DHEIEICIE—E WM
OB AL ETHY | BRI T A CIEZ BRB 72 H
FRTCLOMERELI TR, 2070 HDEFTTOIKEE
EEMT DI, OO TETEDORFTO 7, #HET5
VERBHD,

B I ARAR A T 2 e ARk H S L THW B A Zo 13T 08
T E AW ORIEFINIAR Y 35, ZOZEND L 4IE
BAEE T M Lo TRES B E A OIRIE O Fi %
Zo ELTHED ZEZMRAT LI, BIDWEAr — L OFAEET
LTI RO DIE T & R CER N EL Y, WIR
WL OBREIITCO Zo OHEFHEDS, B2 DL fEL
DWINEDIZHTLEIZ D32 T, SHIZHLRE S OHFEKIZ
FLHIESN TV LIKIEDO KEB 3 ITEAEE T V035 K ¥ 5 A0
ORHRUZHIGE WS EN 2SN b O THY, 7V THE
TELTZ Zo EOBIFEDMERNATREMED R,

INHO FND, AR TIRKEREOEE O M LN
VOB COBNIEE S R L TATbh iz ORIRIC
SED | I RICEEHES N LD Zo % nearest neighbor
B LD A ORI HE 3528 T KIREHIFFCS
T B 2o DT —B_X—AEMHE LT, T — X ERUIAHREE
153(1/60 FE)DFGSE IR E VYR T —FThD,

Fig.5a & 5b %, Zo T —#~_—ADVERU A L7 (8
HEONEE 7o DEEENENE S T LR I

15

Step 1: Z, database Step 2: Depth conversion

Z, list Depth data
Tide Table (Lon, Lat, H,,) Raw sounding
Hydrographic Report (Lon, Lat, H_) Chart depth
Z, dataset
(Lon, Lat, Z,)
Gridding Conversion
Mearest Neighbor Y

v b —

Z,database | | Unified depth data
(1min res grid) (Lon, Lat, H )
+ Gridding
Bathymetry Grid
(1min/2min res)

Fig.4. Flow scheme to compile a bathymetry grid from
depth data. Depths derived from navigational charts
were converted to those refer to the mean sea level by
adding an offset Zo.
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Fig.5. (a-b) Distribution of tidal stations used to compile z0-value gridded database: (a) the East China Sea and (b) the South
China Sea. Colors of the circles denote the data source: red—Japanese, yellow—Korean, green—Chinese and orange—
British tide tables. Numerals indicate the z0 values in centimeter. (c-d) The distribution of z0 values made by applying
nearest neighbor gridding method to the data shown in (a-b). White contours show 100m and 200m isobaths whereas brown
lines represent 20m and S0m deoth contours.
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Fig.6. Close-up view of the Zo distribution shown in Fig.5.
(a) Area north of the Kyushu Island in the NE East China
Sea and (b) region around the Camau Peninsula at the
southernmost part of Vietnam. Brown lines indicate 20m
and 50m depth contours, whereas white lines denote
isobath contour of 100m and 200m.
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Fig.7. Disappearance of area shallower than 60m (gray shadings) from the bathymetry-grid product as a result of an increase
in the number of sounding data used to compile the grid data: (a) Previous version (Tecs v02n) compiled from sparsely
distributed sounding data indicated with blue figures and (b) current version (Tecs v03st) which incorporates additional
depth information shown in red. Note that the shallow area in the left-hand side of Fig.7a was emerged by the presence of a
single shallow depth point indicating 45m depth. Gridlines are identical to the border of the bathymetry grid cells and their
spacing are 1 min (ca.1.8km), both in zonal and meridional directions.
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Fig.8. An example of revising land-sea index data,
modifying a grid point on a narrow land bridge at the
Fujian coast west of the Taiwan Strait. Grid points with
circles and red/blue figures denote sea grids while those
with brown figures indicate land grids, which were
primarily identified by whether land points of the source
DEM (ALOS-DEM v2.2, 1/3600 deg res.) are more than
50% of the total points within a grid cell (1/30 deg res.
in this case). The sea grid point on the land bridge,
indicated as 2 m, was modified manually as land by
changing the land-sea index value from 1 to 0, because
water exchange across this land bridge is obviously not
permissible.
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Fig.9. Impact of tidal correction on Tecs bathymetry: (a) Coastlines (defined as zero depth or altitude) and
(b) coastlines and contours for 10m, 20m, 30m, 40m, 50m, 75m, 100m, 150m and 200m depths obtained
from bathymetries compiled with (green lines) and without (red lines) considering the tidal correction.
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Fig.11. Same as Fig.9b except that close-up views of (a)
the SW South China Sea and (b) area around NW
Borneo Island.
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Fig.12. Root-mean-squared (RMS) discrepancies between
the observed and numerically predicted M tidal
amplitudes at 228 stations in the East China Sea derived
from Admiralty Tide Table (Vol. 4, UK Hydrographic
Office, 2000). The model runs were made with applying
five types of model bathymetries: one without applying
tidal correction as for the case of the previous version,
and other four compiled by implementing tidal
corrections for depths less than 20m, 50m, 100m and
200m. For the no-correction and 50m cases, experiments
were made by changing the value of the bottom friction
cp from 0.0015 to 0.0025, whereas two values 0.0018
and 0.0020 were tested in the other cases.
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Fig.13. Difference between predicted and observed M2
amplitude at 228 stations listed in the Admiralty Tide
Table. (a) All cases conducted with ¢p=0.0018, (b) for the
case with tidal correction applied to depths shallower than
50m and for the case without applying the tidal correction.

List of Stations (area north of 24°N)

Stn1-50: N Yellow Sea (China) and Bohai Sea in clockwise
direction (41-46: central Yellow Sea), 51-64: N Korea (W), 65-76:
Fujian (E China Sea), 77-91: Zhejiang to Changjiang Estuary, 92-
105: Jiangsu to Shandong (S), 106-129: S Korea (W), 130-134: Jeju
Is., 135-151: S Korea (S), 152-168: Korea (E) (159: Ulleung Is.),
169-172: Tsushima Is., 173: Iki Is., 174-178: Goto Is., 179:
Meshima Is., 180-185: Kyushu Is. (N), 186-197: Kyushu Is. (W),
198: Senkaku Is., 199-221: Ryukyu Is., 222-226: Taiwan (W), 227-
228: Taiwan (E).
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Fig.14. Same as Fig.13 except for M2 phase.
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Fig.15. Same as Fig.9b except that a close-up view around
the Gulf of Tonkin and the Hainan Island. Purple lines
denote depth contours of the GEBCO 2019 topography.

Fig.17. Distribution of area with the depth lower than Om
at around the Ariake Bay: (a) Tecs and (b) GEBCO 2019
bathymetry datasets. Note that the spatial resolution of
the former is 1 min while that of the latter is 0.25 min,
and depths of some intertidal zones are erroneously deep
(indicated with green to blue shadings) in the latter.

Fig.16. Same as Fig.15 except for (a) the north coast of
the Yellow Sea and (b) Dalian Port.

EMEE AL CNAZENRIEENTZ, T OH R, Fig.16b
DORFEHD I F T ETARIENERL Fe K &K
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Fig.18. Same as Fig.17 but around the Pearl River Estuary.
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