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“Marine Atlas of the Bohai Sea,

Yellow Sea and East China Sea”

“Marine Atlas of the Bohai Sea, Yellow
Sea and East China Sea” consists of five disci-
plinary atlases: Geology and Geophysics,
Chemistry, Biology, Hydralogy and Clima-
tology, covering the area between 20 ° 40’ N
—41° 30’ Nand 116° 00’ E—131° 30’ E.
The data used in compiling the Atlas
are taken from the marine data acquired in the
surveys conducted by various marine research
institutions, and colleges and universities dur-
ing the period from “the founding of the
People’s Republic of China through 1987. Be-
sides, the survey data from some foreign
countries are also used as appropriate. It is the
most comprehensive and the most systematic
large basic marine atlas in China so far.
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Preface

As the ocean plays an important role in China’s socialist modernization drive, the Chinese
government has all along attached great importance to the marine undertaking. As early as in 1958,
a nationwide, large—scale marine survey was conducted, mustering strength from all walrks of life. In
the subsequent 30 years, the State Oceanic Administration of China (SOA) and the relevant organi-
zations, in the light of the needs of the national economic construction and the national defence,
have successively carried out a large amount of marine survey, marine monitoring and scientific re-
search on various scales and with substantial content in the surrounding waters of China, and ob-
tained great quantities of surveying and observational data, and rich scientific research results. With
the development of China’s construction, activities of ocean development are growing day by day,
which makes the management and protection of the ocean increasingly urgent. In the light of this
situation, and, in order to meet the needs in China’s marine research, development, management,
protection, education as well as safeguarding of rights and interests in marine affairs, SOA spon-
sored the editing and publishing of this series of “Marine Atlas of the Bohai Sea, Yellow Sea and
East China Sea”. This series also reflects the achievements in marine surveys and research made by
other departments concerned since the founding of the People’s Republic of China. The “Marine At-
las of the South China Sea”will come off later.

“Marine Atlas of the Bohai Sea, Yellow Sea and East China Sea” consists of five sub—atlases:
“Geology and Geophysics”,“Chemistry”, “Biology”,“Hydrology”and “Climatology”.

To ensure the quality of this series, we have collected as far as possible the marine observational
data available both at home and abroad, which, through checking, analysis, comparison and quality
control, have been carefully selected and adopted, on the principle of relying mainly on the domestic
data while making the external data subsidiary. SOA had organized activities to make supplementa-
ry observation of the sea regions lacking data . The data used in this Atlas are basically as of the end
of 1987 . To achieve the integrity of the series, unified rules have been formulated in terms of the
contents, formats and elements description of the Atlas as well as the methods and standards for
the data processing, analysis and evaluation. The unity of the Atlas has been required to be
scientific, systematic and practical and we have done our best to make it artistic while ensuring its
authenticity.

Participants in the work of editing and publishing of the Atlas are the First Instltute of
Oceanography, the Second Institute of Oceanography, the Third Institute of Oceanography, the In-
stitute of Marine Scientific and Technological Information, the Institute of Marine Environmental
Protection, the East Sea Branch, the North Sea Branch, the National Research Center for Marine
Environmental Forecasts, the China Ocean Press, etc., of SOA. The editing work has been enthusi-
astically and energetically supported by the Institute of Oceanology, the South China Sea Institute
of Oceanology, of Academia Sinica, the Qingdao Ocean University, and the Bureau of Petroleum
and Marine Geology of the Ministry of Geology and Mineral Resources as well as agricultural,
transport and petroleum sectors and other related universities. We hereby extend to them our hearty
thanks. Comments and criticisms on the shortcomings of the Atlas will be warmly welcome.

Editorial Board
July, 1989
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Introduction

I . Contents and Coverage

The Atlas contains 841 sheets of chart,including
Sea Water Temperature (abbreviated to Temperature) ,
Salinity , Density , Sound Velocity , Water Colour, Trans-
parency, Surface Current, Tide, Tidal Current, Sea
Wave ,Sea Ice,etc. It is a basic and comprehensive atlas
of marine hydrology for the Bohai Sea,the Yellow Sea
and the East China Sea.

Mercator projection is used in the atlas. The stan-
dard paralled is 30°N (4 0°N for the charts on the
1: 3500 000 and 1 : 4 500 000 scales)'. The final chart
scales are 1 : 3 500 000, 1 : 4 500 000, 1:5 000 000,
1 : 7 000 000,1 ¢ 7 500 000 and 1 : 10 000 000. The
coverage of the major chart is 21°45'—41°15'N, 116°
00'—131°30"E.

I . Data Source and Quality Control

The data of the Atlas originate from the marine in-
vestigation data both at home and abroad,observations
of the coastal ocean stations and ship reports of wea-
ther observation. The number of the stations of data
collected for each element is :148 779 stations of data
during 1907 — 1986 for Temperature and Salinity, with
126 738 stations being the data since 1954;68 490 sta-
tions of data during 1907 —1986 for Water Colour and
Transparency,with 54 176 stations being the data since
1954; 108 918 stations of data during 1900 — 1986 for
Surface Current,of which 61 146 stations are the ones
since 1950; 617 stations of harmonic constant selected
for Tide ,inclﬁding 320 stations of computed data;about
1 800 stafions for Tidal Current; 273 678 stations of
ship weather observation report and marine investiga-
tion data during 1968 — 1982 for Sea Wave; and‘sea. -
ice observations from 10 ocean stations,ship sea — ice

observations and satellite picture data during 1962 —

1987 for Sea Ice.

As the data vary in their source and quality , the
observations with a complete record and the required
precision are given priority while other data are option-
al.

Strict checks have been made on the data quality.
First, routine checks were made on the observations,
and then, the marked observation data analysed and
processed one by one, deleting those wrong
records. The stations that are not in conformity with
the technical rules were deleted one by one. Following
the feasibility test, the doubtful observation records
were analysed and picked out. And those which are
doubtful but hard to be determined,would be processed
during the comprehensive analysis of various elements.
In so doing,not only would the wrong records which af-
fect the quality of the Atlas be deleted, but also the
special records of value could be retained. For Temper-
ature,8 340 stations of data have been deleted through
the above examination and check.

Il . Compiling Method

1. Temperature, Salinity , Density , Sound Velocity ,
Water Colour and Transparency

(1) Temperature, Salinity , Density, Sound Veloci-
ty, Water Colour and Transpareﬁcy are computed in
half-degree squares of latitude and longitude (0. 5°X
0. 5°grid)to obtain their monthly means for each layer.
The plane distribution charts are plotted according to
the mean values in each grid.

The distribution charts of Temperature, Salinity
and Density include 8 layers:surface, 10m, 20m, 30m,
50m, 100m, 200m and bottom. The plane distribution
charts of Sound Velocity have only the surface and bot-

tom layers.



(2) The sectional distribution charts of Tempera-
ture and Salinity are plot-ted according to the means of
the multi-year observation data.

(3) Density is specific density anomaly (¥,), which
is the mean value of specific density anomaly in single
stations , computed from temperature and salinity. The
specific density anomaly is computed by the seawater
condition equation published in the Marine Technical
Report of UNESCO(1981).

Seawater Condition Equation:

B o(S,t,0)
PSSt P) = T TR (S 1, )
Y=p—1 000 Yis in kg/m’

Sound velocity which is computed using Chen and
lMillero’s Sound Velocity Formula, is aiso the mean
value averaged over the various sound velocities in sin-
gle stations within the grid.

Sound Velocity Formula:

C(S,t,p) = Co(t,p) + A, p)S + B(t,p)S?
+ D, p)S?
The selection criterion of surface sound channel is

sound velocity gradient

_AC
~C,AZ

a

=0.10X10 *m '(Cy=1500m/s).

Sound channels are selected only for the water
depth (or observation depth) greater than 10m.

(4)Temperature,salinity ,density ,and sound velo-
city change dramatically in the vertical direction and the
layer whose vertical gradient reaches the critical value
is called spring layer. The critical values of the spring
layer intensity are determined following the two criteria
for the shallow sea and the deep sea respectively ac-

cording to the characteristics of the spring layer.

Shallow Sea Deep Sea
Thermocline % =0.20C/m AAt—Z =0.05C/m
Halocline 2—82 =0.10 m™! 23—2 =0.01m™!
Pycnocline i;‘ =0.10 kg/m* 2273 =0.015 kg/m*
Sg;gi;’f?}fé;y ﬁ—g =0.50 s~ % =0.20 s~

Layers whose vertical gradients of temperature,
salinity ,density and sound velocity are smaller than the
critical values of the spring layer intensity are consi-
dered as without spring layer. Contour lines of spring
layer intensity critical values serve as boundaries of the
spring layer. A

(5) The multi-year mean values are used in the
charts of Annual Temperature and Salinity Variation,
Characteristics of Sound Channel ,Runoff and Bed-Load
Transport. '

2. Surface Current

Surface Current charts are plotted with the mean
resultant current vectors of the observed surface cur-
rents in many years in the 0. 5°X 0. 5°grid of latitude
and longitude.

3. Tide and Tidal Current

Data computed with the harmonic constants of tide
from the water level observations off China’s mainland
and islands and data published in other countries have
been used in plotting the Tide Characteristics Charts.

The characteristic values computed with harmonic
constants of tidal current from current observations in
China and partly obtained with the fluid dynamics equa-
tion using the numerical method are used to plot the
Tidal Current Characteristics Charts ,which are only for
the 5m layer.

(1)Calculation formulas of tide types:

H¢ + H
When O<K1—H Ol<0.5,
MZ
it is a regular semi — diurnal tide.
H¢ + H
When  0.5< —— 1< 2.0,
HM2
it is an irregular semi-diurnal tide.
He +H
When 2.0 << L < 4.0,
HM2
it is an irregular diurnal tide.
Hy + Ho
When 4 = ———
Hy,

it is a regular diurnal tide.

(2)Calculation formulas of maximum possible tidal
range:

Tidal range for the area with regular semi -diurnal

tides ;

2(1.'29HMZ+1. 23H52+HK1+H01) 5




Tidal range for the area with regular diurnal tides:
2(Hu, +Hs,+1. 68Hy, +1. 46Ho) 5

For the sea areas with irregular semi — diurnal
tides and those with irregular diurnal tides,calculations
are done respectively using the formulas above,and the
bigger value thus obtained is taken as the maximum
possible tidal range.

(3) The calculation formulas of tidal current type
are similar to those of the tide types except that H is
used instead of W.

The calculation formulas of maximum possible
tidal current are:

for the sea areas with regular semi — diurnal tidal

current
1. 20Ww + 1. 23Ws,+ Wi, +Wo, 3
for the sea areas with regular diurnal tidal current
Wy, +Ws +1. 68Wk +1. 46Wo, .

4. Sea and Swell

The charts of sea and swell are plotted with mean
values computed monthly in 2°X 2°grids of latitude and
longitude. Irregular grids are aaopted for the areas near
land ,islands and straits.

The observations of sea and the swell used in the
Atlas are all effective waves. The coming directions of
sea and swell are considered as sea and swell direction.
The maximum sea height and maximum swell height in
various statistic squares refers to the maximum value
observed in the years of 1968—1982.

(1)Sea

Sea Direction: Ten groups including 8 directions,
calm sea and undefined sea direction are calculated. The

8 directions are:

Déesction]: N NE | E SE s SW w | NW

Degrees | 335—24 | 25—64 | 65—114 |115—154 155—204{205—244 | 245—294|295— 334

Sea Height:Six groups are used in the sea height

- statistics. They are:

Sea Level Calm Sea 1—2 3—4 5—6 7 =8

Sea Height(m) <0.2 [0.3—0.7/0.8—2.7(2.8—5.7|5.8—9.7| =>9.8

Period : Six groups are used in the period statistics.

They are:

Period (s) Calm Sea <5 6—17 8—9 10—11 >12

(2)Swell

Swell Direction: The same as those of sea.

Swell Height: Four groups are used in the swell
height statistics, with the corresponding levels and

heights as follows:

Swell Level No Swell 1—2 3—5 =6

Swell Height(m) <0.2 0.3—2.3 2.3—4.2 =4.3

Period : The same as those of sea,

5. Sea Ice

The scope of freezing is taken from the sea ice in-
vestigation charts and satellite pictures. The mean va -
lue averaged over the ten — day period is the scope of
freezing in the ten —day period.

The sea ice period is determi;led by anal};sing the
observations.

6. The units of various elements:

Depth:m Temperature: C Density : kg/m?®

Sound Velocity :m/s Water Colour:Forel —Ule code Transparency:m

Current Velocity:cm/s Current &. Sea and Swell Direction:Degree

Sea and Swell Height:m Period :s Tidal Range:m

The Atlas is compiled by the Institute of Marine
Scientific and Technological Information . The First
Institute of Oceanography , the Second Institute of
Oceanography, North Sea and East Sea Branches of
SOA also. took part in the work.

We thank Mr. Sun Qitian from the Seventh Re-
search Institute of the China Ship Industry Corporation
for his help and guidence in the compilation of the
Sound Channel Characteristics Chart and the Chart of

Sound Velocity.
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