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ABSTRACT 

The variation and distribution of temperature,, salinity, and 

density in the East China Sea are influenced by the raonsoonal rains, 

continental runoff, waters of the Kuroshio, and bottom topography. 

During the winter monsoon, mixing produces a homogeneous vertical 

water structure over the Continental Shelf and a deep mixed layer 

in the basin portion of the sea. Conversely, during the summer 

monsoon, a warmer, less saline surface layer develops as a result 

of increased solar radiation, continental runoff, and precipitation. 
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TEMPERATURE, SAUNITY, ATO DENSITY OR THE WORLD'S SEAS: 

EAST CHINA SEA 

INTRODUCTION AND DEFINITIONS 

This study is a continuation of a series describing the temperature, 

salinity, and density distributions in various seas of the world. The 

sources and amount of data on which this report is based, as well as a 

discussion of regions and periods needing additional data, are given 

in the sections entitled Data Sources and Bibliography. 

In this study, the distribution of the physical properties of sea 

water is represented by mean values. Wherever sufficient data are 

available, ranges and percent frequencies of occurrence are also pre¬ 

sented. 

Uhits are reported in the metric and British systems, with 

emphasis placed on the systen in which the parameter was measured or 

analysed. Thus, temperature is analyzed in degrees Fahrenheit for 

depths in meters. 

a. Temperature — In this study, temperature is given in both 

degrees Celsius (°C. ) and degrees Fahrenheit (°F.). Water is con¬ 

sidered isothermal when its vertical temperature varies by less than 

2.5°C. P«r 100 meters (l.4°F. per 100 feet). A negative thermal 

gradient, or thermocline, is arbitrarily considered to exist when the 

reduction of temperature with depth attains or exceeds this amount. 

If the water is isothermal from the surface to a certain depth, the 

initial mixed layer is called the 1 sot hemal layer, and the depth at 

which the layer ceases to be isothermal is labeled the isothermal 

layer depth. In this area, the isothermal layer depth generally 

corresponds to the top of the therraocline. 
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b. Salinity — In this study, salinity la given in parts per 

thousand (X)- Water of uniform salinity is said to be isohallne, and 

a well-defined positive gradient of salinity is known as a halocline. 

c. Density — Density as used here is equivalent to specific 

gravity and represents the ratio at atmospheric pressure of the weight 

of a given volume of sea water to that of an equal volume of distilled 

water at U.0*C. (39.2"?.). For simplicity, it is expressed as sigma-t 

(^t), an abbreviated form wherein water whose density is I.O265O has 

a <rt value of 26.50. 

A column of water is assumed to be isopycnxc, i.e., to have 

uniform density, if the change in is equal to or less than O.65 

per 100 meters (0.20 per 100 feet). A vertical gradient of density, 

known either as a pycnocllnc or a density layer, is considered to exist 

when the change in density exceeds the stated isopycnic limits. The 

pycnocline generally begins at the same depth as the thermocline. 

DISCUSSION OF THE AREA 

The values and variations of temperature, salinity, and density 

in the waters of the East China Sea are dependent upon the monsoonal 

regime», the position of the Kuroshio, coastal runoff, and bottom 

topography. 

Oceanographically, the East China Sea may be divided into a 

shallow Continental Shelf region and a deep btvsin region. During the 

winter monsoon, su:face water is convertively and mechanically mixed 

* The monsoons affect.ing the area are separated into two periods: 

Winter monsoon (October through March) and summer monsoon (June through 

August). The months April and May, and September, represent the spring 

and autumn transition periods, respectively, between the monsoons. 



with the water at depth by the high evaporation, cooling, and wind« 

associated with this monsoon. This mixing results in a water column 

which is nearly homogeneous from the surface to the bottom over the 

shelf and hcmngeneoua to about 100 meters (32^ feet) in the deep 

portion of the sea. Cold saline wate^r is characteristic of the winter 

monsoon. In spring, the surface layer is warmed by solar heating and 

diluted by rain and land runoff. 

During the summer monsoon, warm, low-salinity water of continental 

origin* spreads over the cooler winter water in the shelf region. The 

extent and thickness of the surface layer depend upon the strength of 

the monsoon and the position of the Kuroshio. In the basin portion of 

the sea, heating and precipitation cause development of et rang thermo- 

dines and haloclines. Rapid cooling during the autosm transition and 

early winter monsoon causes the surface water to becos» more daaae 

than the water at 50 meters (l6k feet); this unstable condition pro¬ 

duces the mixing which reeults in the homogeneous winter structure. 

Water over the Continental Shelf may be particularly unstable 

because of combinations of the influences of river runoff, precip¬ 

itation, tidal currents, and meteorological changes. 

Sea ice rarely occurs south of 35’N* along the coast of China. 

* The total outflow of the Yangtte River into the East China Sea 

amounts to approximately 75^ cubic kilometers (approximately 18? 

cubic miles) per year. For comparison, the yearly outflow of the 

Yangtze River is approximately l6.51t of the yearly outflow of the 

Mississippi River. The maximum outflow of the Yangtte River occurs 

from June through October. 
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DATA SOURCES 

All pre«entfttions dealing with sea surface temperature were 

derived from the punchcard decks retained by the U. S. Weather Bureau 

(Source 3) and summarised by one-degree quadrangles. These data con- 

»lat mostly of injection temperatures collected by various marine 

organisations and cover the period from 185k through June I96I. 

Because injection temperatures are comnonly taken below the surface 

and may be influenced by heat from the ship's engines or boilers, they 

are not individually considered as reliable as tsuperatures derived 

from bucket thermometers or Nansen casts. However, if temperatures 

are taken in sufficient quantities by a number of ships over a pro¬ 

longed period, as in this study, the overall reliability of the data 

improves considerably. 

Although all data were examined on mean charts, the data in those 

quadrangles containing fewer than 10 observations were omitted from 

the analysis of the charts of minimum and maximum temperatures. In 

addition, because of the inherent error in this type of data, the 

extreme tenperature in each quadrangle was taken as the first whole 

teoperature above 2.5 percent of the data (minimum), and the first 

whole tenperature above 97.5 percent of the data (maximum). 

The summarisation of the data by one-degree quadrangles precludes 

a more detailed analysis of surface temperature in the coastal regions, 

and interpretations of the smoothed analysis must be made with this 

limitation in mind. 

The subsurface temperature data, obtained primarily from listings 

of all available oceanographic stations, were generally sparse and 



incraaaingly deficient with depth. Teaqperature distributions at 50 

meters (164 feet) ere presented for February, Hay, August, and 

November. Because of the decrease in seasonal variation and decreasing 

amount of data with depth, the temperature observations at 100 laeters 

(328 feet) were combined into trimonthly periods, at greater depths, 
* 

where seasonal effects are negligible, all months were combined. 

The surface and subsurface salinity distributions were also ob¬ 

tained from listings of all available statio\ data. As with tempera¬ 

ture, the data were generally sparse and the salinity distril/utions at 

0, 50, and 100 meters (0, 164, and 328 feet) are presented for tri- 

monthly periods. At greater depths, all available data were averaged 

together. 

All density presentations were constructed from the same sources 

as temperature and salinity. Their reliability was improved and dis¬ 

crepancies minimised by combining the tenperature and salinity 

analysis; however, the density distributions at 50 meters (l64 feet) 

showed considerable instability and cannot be presented. 

Useful textual information on the overall distribution of physical 

properties in this study area was collected from E.wrces 1 and 2. 

In general, the amount and coverage of the data are inadequate. 

In certain regions, particularly near the coast, few data are available 

throughout the year. For this reason, vertical traces are limited to 

the deeper portions of the East China Sea. Because of the variability 

of the seasons from year to year, synoptic data not now available are 

needed. Also, more data of all types are needed throughout the study- 

area before it can be fully described and understood. 
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TEMPERATURE CONVERSION TABLE - °F. to °C. 

J (°F.) (°C.) (°F.) (°C.) (°r.) / (oc.) (°F. ) (°C. ) 
JT 

2Q -2.2 
29 -1.7 

i 30 -1.1 
1 31 -0.6 
i 32 0.0 

33 0.6 
3*+ l.l 
35 1.7 
36 2.2 
37 2.8 
30 3.3 
39 3.9 
ho U.l* 
hl 5.0 
h2 5.6 
43 6.1 
44 6.7 

45 7.2 
46 7.8 
47 8.3 
40 8.9 
49 9.4 
50 10.0 
51 10.6 
52 11.1 
53 11.7 
54 12.2 
55 12.8 
56 13.3 
57 13.9 
58 14.4 
59 15.0 
60 ' 15.6 
6l 16.1 

62 i6.7 
63 17.2 
64 17.8 

v 65 18.3 
66 18.9 
67 19.4 
68 20.0 
69 20.6 
70 21.1 
71 21.7 
72 22.2 
73 22.8 
74 23.3 
75 23.9 
76 24.4 
77 25.0 
78 25.6 

79 . 26.1 
80 26.7 * 
81 27.2 
82 27.8 

• . * 25*3 84 28,9 
85 29.4 
86 30.0 
87 30.6 
88 31.1 
89 31.7 
90 32.2 
91 32.8 
92 3^.3 
93 33.9 
94 34.4 
95 35.0 

TEMPERATURE CONVERSION TABLE - °C. to °F. 

(°C.) Î°F.) (°C.) (°F.) 

-2 28.4 
-1 3O.2 
0 32.0 
1 33.8 
2 35.6 
3 37.4 
4 39.2 
5 41.0 
6 42.8 
7 44.6 
8 46.4 
9 48.2 

10 50.0 
11 51.8 
12 53.6 
13 55.4 
1¾ 57.2 
15 59.0 
16 60.8 

17 62.6 
18 64.4 
19 66.2 
20 68.0 
21 69.8 
22 71.6 
23 73.4 
24 75.2 
25 77.0 
26 78.B 
27 80.6 
28 82.4 
29 84.2 
30 86.0 
31 87.8 
32 89.6 
33 91.4 
34 93.2 
35 95.0 
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HORIZONTAL DISTRIBUTION OP TEMPERATURE (°F.) 

laottMrma are praaented in *P. Because of the large rivers along 

the coast» aa well as the heavy monsoonal rains» temperature values 

■ay be subject to extensive short-term variations from the mean con¬ 

ditions presented. 

Since relatively large numbers of observations are available, the 

mean sea surface tenperature distribution is presented for all months 

in Figures 1 through 12. The minimum and maximum sea surface distri¬ 

butions are presented for February, May, August, and November in 

Figures 13 through l6 and 17 through 20, respectively. In addition, 

the Monthly variability of sea surface teaperature is graphed for 

select*** regions in Figure 21. 

The mean temperature distribution at 50 meters (l64 feet) is 

shown for February, May, August, and November In Figures 22 through 

25; temperature distribution at 100 metera (328 feet) is shown for 

trimouthly periods in Figures 26 through 29. Because of insufficient 

observations and decreasing variability with depth, the temperature 

distributions at 300 meters (9^ feet) and 600 meters (1,968 feet) 

are averaged for the entire year in Figures 30 and 31, respectively. 

Conversion tables of degrees Celsius (*C.) and degrees Fahrenheit 

(*F.) are given on page 7, 
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FIGURE 4 MEAN SEA SURFACE TEMPERATURE (0F), APRIL 
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FIGURE 7 MEAN SEA SURFACE TEMPERATURE 
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MEAN SEA SURFACE TEMPERATURE (°F), AUGUST 
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FIGURE 9 MEAN SEA SURFACE TEMPERATURE (0F), SEPTEMBER 
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FIGURE 11 MEAN SEA SURFACE TEMPERATURE (°F), NOVEMBER 
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FIGURE 13 MINIMUM SEA SURFACE TEMPERATURE (°F), FEBRUARY 
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130' 

FIGURE 15 MINIMUM SEA SURFACE TEMPERATURE (°F), AUGUST 
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FIGURE 20 MAXIMUM SEA SURFACE TEMPERATURE (°F), NOVEMBER 

28 



NUmNI Of CMC«VATMX$ 
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FIGURE 21 MONTHLY VARIABILITY OF SEA SURFACE TEMPERATURE AT 

SELECTED LOCATIONS 
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FIGURE 26 MEAN TEMPERATURE (“F) AT 100 METERS (328 FEET), JANUARY 

THROUGH MARCH 
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FIGURE 27 MEAN TEMPERATURE (°F) AT 100 METERS (328 FEET), APRIL 

THROUGH JUNE 

35 



'»Il—H'H MMm 
¡ • -Mkni-iw-»miKmH JMI IMiW*! I 

FIGURE 28 MEAN TEMPERATUR" (°F) AT 100 METERS (228 FEET), JULY 

THROUGH SEPTEMBER 
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FIGURE 29 MEAN TEMPERATURE (°F) AT 100 METERS 

THROUGH DECEMBER 
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FIGURE 30 MEAN TEMPERATURE (°F) aT 300 METERS (984 FEET) 
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HORIZONTAL DISTRIBUTION OF SALEN!TT CL) 

ïaoh&llnes ar« pr—«ntad in pjurt* per thousand (&). To »hoir 

graatar detail, interaediate values are inserted (thin lines) 

vherever possible. River runoff and heavy rainfall aay cause 

extensive short-term variations in salinity, and values may be 

euch louer than indicated in the figures 

The mean horizontal distributions of salinity at the surface, 

50 meters (l6U feet), and 100 meters (328 feet) are presented for 

trimonthly periods in Figures 32 through 35* 36 through 39* and 40 

through 43, respectively. At 300 meters (984 feet) and 600 meters 

(1,968 feet) salinity is averaged for all months and is depicted in 

Figures 44 and 45, respectsely. 

40 
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FIGURE 32 MEAN SEA SURFACE SALINITY (PARTS PER THOUSAND), JANUARY 

THROUGH MARCH 
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FIGURE 33 MEAN SEA SURFACE SALINITY (PARTS PER THOUSAND), APRIL 

THROUGH JUNE 
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FIGURE 34 MEAN SEA SURFACE SALINITY (PARTS PER THOUSAND), JULY 

THROUGH SEPTEMRER 
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FIGURE 35 

130° 

MEAN SEA SURFACE SALINITY (PARTS PER THOUSAND), OCTOBER 

THROUGH DECEMBER 
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FIGURE 3ó 
130' 

MEAN SALINITY (PARTS PER THOUSAND) AT 50 METERS 

(1Ó4 FEET), JANUARY THROUGH MARCH 
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FIGURÉ 37 MEAN SALINITY (PARTS PER THOUSAND) AT 50 METERS 

(’64 FEET), APRIL THROUGH JUNE 
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FIGURE 38 
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MEAN SALINITY (PARTS PER THOUSAND) AT 50 MfTftS 

(164 FEET), JUl Y THROUGH SEPTEMftER 
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130 

MEAN SALINITY (PARTS PER THOUSAND) AT 50 METERS 

(164 FEET), OCTOBER THROUGH DECEMBER 

U8 



(328 FEET), JANUARY THROUGH MARCH 
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FIGURE 41 

130' 

MEAN SALINITY (PARTS PER THOUSAND) AT 100 METERS 

(328 FEET), APRIL THROUGH JUNE 
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FIGURE 43 MEAN SALINITY (PARTS PER THOUSAND) AT 100 METERS 

(328 FEET), OCTOBER THROUGH DECEMBER 
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FIGURE 44 MEAN SALINITY (PARTS PER THOUSAND) AT 300 METERS 

(984 FEET) 
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120° 

FIGURE 45 MEAN SALINITY (PARTS PER THOUSAND) AT 600 METERS 
(1,968 FEET) 
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HORIZONTAL TJlSTRIBOTIOf OP DENSITY iO") 

Itopycnica are prcaented in unite of al^ma-t (0^). To ahow 

greater detail, Intenaediate value* are inserted (thin lines) wherever 

j>o**1ble. To improve the ensljsls, thé wean tasçerature and eelinlty 

distribution* were combined to derive the mean density distributions. 

Because of heavy river runoff acd rainfall, density is subject 

to extensive short-term variation* and nay be much lower than the 

indicated values. 

fhe wean distribution of sea surface density is presented for 

February, May, August, and Noveaber in Figures k6 through *9. The 

distribution of density at 50 wet er-. (1.6¼ feet) cannot be irrsssnt »fl 

because of the instability which occurs during the early winter 

monsoon. At 100 weters (320 feet), where the variability is smU 

end the data are sparse, the density distribution is given by tri- 

monthly periods in Figures 50 through V3. At 300 meters (90¼ feet) 

and 600 meters (1,900 feet) seasonal changes are negligible and the 

data inadequate; all density data for these depths are coafelned in 

Figures 5¼ and 55» respectively. 
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FIGURE 46 MEAN SEA SURFACE DENSITY (m), FEBRUARY 
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MEAN SEA SURFACE DENSITY (Ct), AUGUST 
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FIGURE 50 MEAN DENSITY (Ct) AT 100 METERS (328 FEET), JANUARY 

THROUGH MARCH 
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FIGURE 52 MEAN DENSITY (Ot) AT 100 METERS (328 FEET), IULY THROUGH 

SEPTEMBER 
62 

iltmw 



IHJ 1HH1 III Iti urn nt #-1-111^1 hiwii 11 in i it Míh ! Ht i i -* I-MHWH11:11 *(«*««« t«H- 

FIGURE 53 MEAN DENSITY (Ct) AT 100 METERS (328 FEET), OCTOBER 

THROUGH DECEMBER 
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FIGURE 54 MEAN DENSITY (St) AT 300 METERS (984 FEET) 
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FIGURE 55 MEAN DENSITY (6t) AT 600 METERS (1,968 FEET) 
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VERTICAL DISTRIBUTION OF TEMPERATURE, SALINITY, AND DENSITY 

Typical traces of temperature, salinity, and density ir the upper 

610 meters (p,000 feet) are dispayed in Figures 56 through 6? for 

trimonthly periods. These modal traces represent the most conmon 

vertical trace found in each region and are enclosed in an envelope 

containing 100¾ of the data. The number of oceanographic stations 

used to derive the traces for each trimonthly period is shown with 

the temperature trace of each region. 

Deep traces of temperature, salinity, and density based on 

selected oceanographic rtations that extend deeper than 61O meters 

(2,000 feet) are given in Figures 68 through 71 for one month 

representative of each trimonthly period. 
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FIGURE 56 LOCATOR CHART - TYPICAL TRACES OF TEMPERATURE, SALINITY, 

AND DENSITY IN SELECTED REGIONS, JANUARY THROUGH MARCH 
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FIGURE 59 LOCATOR CHART-TYPICAL TRACES OF TEMPERATURE, SALINITY, 

AND DENSITY IN SELECTED REGIONS, APRIL THROUGH JUNE 

70 



71 



jim h1-- i ni mi rwarTOW" 'a'"!1!1 *[ aw 

nw>nii«iwit"~<'»itww.»iiiwi il 

UMi£«ATUi'f ,'f ) 

SAUNir» (V..¡ 
3< 

I I I i I i I i i i I i i 
10 13 10 

TU»rn»ATU«f CC ) 

otNSiir (üNin of « i 
JÍ_JA_J5_36 

— ICO 

- 300 

— 100 

300 

■ 300 

- iOO 

- 300 

I^o 

FIGURE 61 TYPICAL TRACES 

— 3C0 Í 
I • 

— *co 

APRIL THROUGH JUNE 

REGION 2 

- 500 

600 

72 

liiiijpip»iiiiiiii. 

C
H

P7
M
 

(/
W

E
T

P^
SI

 



HI! ;H HH'HIM iMiilliiWuHiMiiNMittlM 

120 

130' 

FIGURF 62 LOCATOR CHART- TYPICAL TRACES OF TEMPERATURE, S>UNITY, 

AND DENSITY IN SELECTED REGIONS, JULY THROUGH SEPTEMBER 
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FIGURE 65 LOCATOR CHART- TYPICAL TRACES OF TEMPERATURE, SALINITY, 

AND DENSITY IN SELECTED REGIONS, OCTOBER THROUGH DECEMBER 
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FIGURE 67 TYWCAL TRACES 
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FIGURE 68 LOCATOR CHART FOR DEEP TRACES 
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FIGURE 69 DEEP TRACES OF TEMPERATURE, SALINITY, AND DENSITY 

REGION 1 
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FIGURE 70 DEEP TRACES OF TEMPERATURE, SALINITY. AND DENSITY 

REGION 2 
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