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  Abstract        This paper discusses the long-term temperature variation of the Southern Yellow Sea Cold 
Water Mass (SYSCWM) and examines those factors that infl uence the SYSCWM, based on hydrographic 
datasets of the China National Standard Section and the Korea Oceanographic Data Center. Surface air 
temperature, meridional wind speed, and sea surface temperature data are used to describe the seasonal 
changes. Mean temperature of the two centers of the SYSCWM had diff erent long-term trends. The 
temperature of the center in the west of the SYSCWM was rising whereas that of the center in the east was 
falling. Mean temperature of the western center was related to warm water intrusion of the Yellow Sea Warm 
Current, the winter meridional wind, and the winter air temperature. Summer process played a primary role 
in the cooling trend of temperature in the eastern center. A decreasing trend of salinity in the eastern half 
of the SYSCWM showed that warm water intrusion from the south might weaken, as could the SYSCWM 
circulation. Weakened circulation provided less horizontal heat input to the eastern half of the SYSCWM. 
Less lateral heat input may have led to the decreasing trend in temperature of the eastern center of the 
SYSCWM. Further, warmer sea surface temperatures and less heat input in the deep layers intensifi ed the 
thermocline of the eastern SYSCWM. A stronger thermocline had less heat fl ux input from upper layers to 
this half of the SYSCWM. Stronger thermocline and weakened heat input can be seen as two main causes 
of the cooling temperature trend of the eastern center of the SYSCWM. 

  Keyword : Southern Yellow Cold Water Mass (SYSCWM); long-term trend; interannual variability; 
infl uence factor 

 1 INTRODUCTION 

 The Yellow Sea (YS) is a semi-closed, shallow 
marginal sea between the Chinese mainland and 
Korean Peninsula. The YS borders the Bohai Sea to 
the north and opens to the East China Sea to the 
south. The Yellow Sea Cold Water Mass (YSCWM) 
is a signifi cant feature in the YS. The YSCWM 
occupies a third of the deep part of the YS in summer 
(Su and Weng, 1994). The YSCWM is a seasonal 
water mass that is characterized by low temperature 
and high salinity. It has more conservative 
characteristics than other water masses in the YS. 
The region with temperatures below 10°C is seen as 
the region corresponding to the YSCWM (Su and 
Weng, 1994). The YSCWM usually has three cold 

cores (Weng et al., 1988; Tang, 2005) and a strong 
temperature and salinity front in the YS. The cold 
core in the northern YS is called the Northern Yellow 
Sea Cold Water Mass (NYSCWM). The other two 
cores, in the southern YS, are called the Southern 
Yellow Sea Cold Water Mass (SYSCWM) (Guo, 
1981). The SYSCWM has a large impact on the 
hydrographic features, biomass, and fi shery resources 
in the YS (Du et al., 1996; Wang et al., 2003; Zhang 
et al., 2007).  
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 Uda (1934) discovered the existence of the 
YSCWM in 1934. He et al. (1959) fi rst studied the 
formation mechanism of the YSCWM and concluded 
that it was formed locally during the previous winter. 
Further study by Guan (1963) found that the 
temperature of the YSCWM had a relationship with 
local air temperature during the previous winter. 
Since then, a number of studies on the formation 
mechanisms of the YSCWM have been published. 
Formation of the seasonal thermocline (Ren and 
Zhan, 2005; Yu et al., 2006), surface cooling, strong 
mixing in winter (Hur et al., 1999), and tidal mixing 
(Zhao, 1986; Lee and Beardsley, 1999) are all 
important mechanisms of YSCWM formation. 

 With the accumulation of historical data, long-term 
variability of the YSCWM began to draw attention 
from many academic sectors. Earlier studies explored 
the distribution range, low temperature center, 
volume, and thermohaline characteristics of the 
YSCWM using the similar coeffi  cient method (Weng 
et al., 1988; Zhang and Yang, 1996). Recent studies 
on the western half of the SYSCWM have reported 
that the position and intensity of the thermocline 
dome and depth have interannual variation (Bai et al., 
2004). The temperature at thermocline depth has the 
greatest temporal variance (Hu and Wang, 2004). Wei 
et al. (2010) reported that the summer T-S properties 
of the YSCWM correspond to the Yellow Sea Warm 
Current (YSWC) in winter. Interannual variability of 
the eastern half of the SYSCWM has also become of 
academic interest. Park et al. (2011) conducted 
Empirical Orthogonal Function (EOF) and Singular 
Value Decomposition (SVD) analyses using the 
Korea Oceanographic Data Center (KODC) dataset 
and described temperature variability of the east 
SYSCWM. They reported that changes in temperature 
of the eastern half of the SYSCWM are closely related 
to changes of atmospheric forcing during summer and 
winter. Yang et al. (2014) used the same data to show 
that sea surface temperature (SST) in the previous 
winter determines the southern edge of the SYSCWM 
the following summer. SST of the YS has an increasing 
trend, which is consistent with climate warming in 
northern China and the adjacent seas (Lin et al., 
2005). During the warming season (March to August), 
the heat content of the upper layer of the YS is 
primarily owing to shortwave radiation (Wei et al., 
2013). Park et al. (2015) examined the relationship 
between long-term trends of SST and bathymetry and 
found that the abrupt variation of SST amplitude is 
related to the Arctic Oscillation signals in winter. An 

interannual trend of temperature was also seen in 
some studies of the NYSCWM (Jiang et al., 2007; Li 
et al., 2015). However, the long-term variation trend 
of SYSCWM temperature remains unclear, and the 
infl uence of summer process is poorly understood. A 
study on long-term variation of the SYSCWM would 
be helpful for the interpretation of other variables, 
such as catches and fi shing grounds of demersal fi shes 
(Cho, 1982). 

 This study aims to identify characteristics of the 
long-term trend in SYSCWM temperature and to 
explore the causes of the trend. In Section 2, various 
datasets used in this study are described. We describe 
linear trend analysis of the YSCWM temperature and 
compare the trend diff erence of the two centers of the 
SYSCWM in Section 3. In Section 4, we examine the 
relationship between the bottom temperature and 
various factors including SST in summer, bottom 
salinity in June, meridional wind in winter, air 
temperature in winter, and intrusion of the YSWC. 
Finally, in Section 5, we summarize the interannual 
trend properties of SYSCWM temperature and the 
main factors behind the trend.  

 2 MATERIAL AND METHOD 

 2.1 China standard section survey data 

 These observation data were obtained and archived 
by the State Oceanic Administration of China. Among 
the various in situ observation data in the western YS, 
this dataset has the longest record length and has been 
used in studies of YSCWM interannual variability 
(Hu and Wang, 2004; Jiang et al., 2007; Wei et al., 
2010). The 36°N standard section temperature data 
from 1976 to 2006 is used to analyze interannual 
variability of the western half of the SYSCWM. The 
measurement precision of temperature data reaches 
0.01°C. Ten stations are included in the 36°N section, 
as shown in Fig.1. The distances of two stations 
neighboring along the 36°N section are 0.25° near the 
coast and 0.5° at the central YS. The eastern boundary 
of this section can reach 124°E. This section covers 
the western half of the YS; therefore, the data can be 
used to show the characteristics of the western half of 
the SYSCWM. Standard levels of the data are 0, 5, 
10, 15, 20, 25, 30, 35, 50, and 75 m, plus the bottom 
depth. Observations in winter and summer were made 
in February and August, respectively. August data in 
1993 are missing and February data are missing in 
1976, 1984, and 1996.  
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 2.2 Korea Oceanographic Data Center (KODC) data 

 The KODC dataset is bimonthly observation data 
that have been routinely collected by the National 
Fisheries Research & Development Institute of Korea 
since 1960. The dataset contains various oceanographic 
parameters, such as temperature, salinity, oxygen, and 
nutrients. The 307, 308 and 309 section data from 
1976 to 2006 are used in this study, and a total of 28 
stations are included. These stations stretch across the 
eastern half of the YSCWM and the west coast of 
Korea; station locations are shown in Fig.1. The three 
sections basically cross the eastern half of the 
SYSCWM from 124.3° to 126.3°E. Zonal spacing of 
the KODC data is approximately 0.21°, and the 

meridional distance between two sections is about 
0.6°. The vertical levels of the data are 0, 10, 20, 30, 
50, and 75 m, plus the bottom depth. The 309 section 
is at 35.86°N. The latitude diff erence between the 309 
section and 36°N section is only 0.14°; thus, the 309 
section can be treated as at the same latitude as the 
China standard section survey data along 36°N. The 
summer (winter) observations were made in August 
(February). The observed time of this dataset shows 
good consistency. 

 2.3 ERA-Interim reanalysis data 

 SYSCWM variability may be associated with the 
surrounding atmospheric and oceanic conditions in 
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summer and winter. We use atmospheric and oceanic 
data over the entire YS region as the background fi eld 
data. The monthly mean data of SST, meridional wind 
speed at 10 m height, and surface air temperature at 
2 m height were used to analyze the climate 
background. The 28 years of data began in 1979. 
These data are from the ERA-Interim reanalysis 
dataset of the European Centre for Medium-Range 
Weather Forecasts (ECMWF). This dataset is an 
improved version of the ERA-40, in terms of some 
key aspects. Dee et al. (2011) described the ERA-
Interim reanalysis dataset in detail. The horizontal 
resolution of the data is 0.125°.  

 2.4 Hybrid Coordinate Ocean Model (HYCOM) 
reanalysis data 

 The model   of HYCOM reanalysis data used in this 
paper is confi gured for the North and Equatorial 
Pacifi c region using HYCOM v2.1.16. The 
computational domain extends from 98°E to 78°W 
and 20°S to 65.8°N and the computations are carried 
out on a Mercator grid with 1/12° equatorial resolution 
(2 294×1 362 grid points, 6.5 km spacing, on average). 
There are 33 vertical layers. Bathymetry is derived 
from a quality controlled ETOPO 2.5 dataset. Surface 
forcing is from a 6-hourly ECMWF operational 
product. Kelly et al. (2007) described these data in 
further detail. 

 2.5 Mean temperature computing method 

 The mean temperature is calculated using
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of stations east of 122.5°E along the 36°N section 
(west of 125°E along the 309 section),  n  j  is the number 
of vertical levels below 30 m at station  j ,  Z  i  ,  j  is depth 
at station j of level  i , and  T  i  ,  j  is temperature at station  j  
of level  i . As described in Sections 2.1 and 2.2, the 
vertical levels involved in this equation are 30, 35, 50, 
75 m, and bottom level. 

 2.6 Linear trend analysis method 

 The one variant linear regression analysis is used 
to analyze the long-term trend in temperature of the 
SYSCWM. Regarding the time series of the variable 
x i , a one variant linear regression relationship is 
established as below: ˆ ix a bt  , where  t  i    is time,  b  is 
the regression trend, and a is the regression constant.

icients  a ,  b  are calculated by using least square 

estimation:
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used to test the signifi cance level and is calculated as: 
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 2.7 Geostrophic current computing method 

 A dynamic height method is used to compute 
geostrophic current (Chen et al., 2006). This method is 
suitable for temperature and salinity data taken from 
only one section. This method is based on geostrophic 
approximation, hydrostatic approximation, and β 
approximation. The computational formula is:
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 , where  ρ = ρ  (T, S, P) is density, 

using the UNESCO state equation to compute density; 
g is gravitational acceleration;      f =2Ωsin θ  is the Coriolis 
parameter; Ω is geostrophic angular velocity;  θ  is 
latitude at which the data are taken;  ρ  0  is mean density; 
and  v  0  is velocity at the reference level (   z  0 ). In this 
paper, the bottom depth is selected as the reference 
level and  v  0 =0.  

 3 RESULT AND DISCUSSION 

 3.1 Interannual trend of temperature 

 The boundary of 309 and 36°N sections is near 
124°E, which is at the YS trough, so this boundary 
could represent that of the eastern and western halves 
of the southern YS. Because the mean low temperature 
center can represent characteristics of the SYSCWM 
center (Fig.2), we selected the mean temperature of 
the area (below 30 m and east of 122.5°E along the 
36°N section) to represent the mean temperature of 
the western SYSCWM (W-SYSCWM) in summer. 
Mean temperature of the area below 30 m and west of 
125°E of the 309 section was calculated to represent 
the mean temperature of the eastern SYSCWM 
(E-SYSCWM). The computing method was 
introduced in Section 2.4. Mean temperature of the 
two sections is shown in Fig.3. The Thermocline was 
above 30 m. This index of mean temperature can 
show the vertically averaged temperature of the 
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SYSCWM area. Variation of the mean temperature of 
the W-SYSCWM is shown in Fig.3a. The linear trend 
analysis shows that this temperature had an increasing 
trend of 0.01°C per year. However, mean temperature 
of the E-SYSCWM had a diff erent long-term trend 
(Fig.3c). The range of this temperature was 7.23°C 
(1984) to 15.89°C (1993), and its mean interannual 
diff erence ~1.65°C. The decreasing trend of 
E-SYSCWM temperature reached 0.12°C per year. 
The diff erent trends of the two SYSCWM cores are 
also shown by various temperature indices. The 
minimum temperature of the 36°N section in summer 

shows an ascending trend (Fig.3b), at 0.02°C per year. 
This trend is similar to that of mean temperature of 
the W-SYSCWM. Minimum temperature of the 
E-SYSCWM had a decreasing trend (Fig.3d), at 
-0.04°C per year. This shows the same trend as that of 
mean temperature of the E-SYSCWM. Park et al. 
(2015) indicated that some areas had a cooling trend 
at 30 and 50 m. The minimum temperatures also 
indicate that temperatures of the W-SYSCWM and 
E-SYSCWM had diff erent trends. 

 To further study the diff erent temperature trends of 
the western and eastern SYSCWM, linear trends of 
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 Fig.2 Mean temperature (shading) and linear temperature trend (°C/a, contours), using data from 36°N and 309 sections 
in August from 1976 to 2006 

1975 1980 1985 1990 1995 2000 2005 2010
7.5

8

8.5

9

9.5

10

10.5

11

11.5

Time (year)

T
em

p
er

at
u
re

 (
°C

)

T
em

p
er

at
u
re

 (
°C

)
T

em
p
er

at
u
re

 (
°C

)

T
em

p
er

at
u
re

 (
°C

)

a

1975 1980 1985 1990 1995 2000 2005 2010
6.5

7

7.5

8

8.5

9

9.5

10

Time (year)

1975 1980 1985 1990 1995 2000 2005 2010
Time (year)

1975 1980 1985 1990 1995 2000 2005 2010
Time (year)

b

7

8

9

10

11

12

13

14

15

16

c

5

6

7

8

9

10

11

12

d

 Fig.3 Mean temperature and minimum temperature of W-SYSCWM (a, b) and E-SYSCWM (c, d) in August (solid line) and 
their linear trends (°C/a, dashed lines) 
 P-values of Fig.3a, b, c, and d are 0.12, 0.10, 0.08, and 0.01, respectively. Linear correlation coeffi  cients of Fig.3a, b, c, and d are 0.28, 0.31, 0.35, 
and 0.49, respectively. 
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time series of the 36°N and 309 section data were 
calculated (Fig.2, solid contours). Under the 
background of global warming, SSTs of the two 
sections showed rising trends. The temperature trend 
from 10 to 30 m may be related to interannual 
variation of the thermocline (Hu and Wang, 2004). In 
the deep layers, temperatures of the two sections had 
diff erent interannual trends. The decreasing trend 
exceeded 0.1°C per year at some stations along the 
309 section. Similar temperature trends were found 
on the 307 and 308 sections (Fig.4). Both of the 
maximum temperature decreasing trends of the two 
sections exceeded 0.1°C per year. These interannual 
variations are consistent with the mean temperature 
trend of E-SYSCWM, which was described earlier. 
Analysis of all section data indicates opposite long-
term trends between the two cold cores of the 
SYSCWM. 

 In this section, temperature indices of the 
SYSCWM were examined, such as the mean value of 
the low temperature center and minimum temperature. 
Trends of W-SYSCWM and E-SYSCWM were 
confi rmed. Temperature of the W-SYSCWM had an 
increasing trend while that of the E-SYSCWM had a 
decreasing trend. Factors that caused this diff erence 
are explored in subsequent sections. 

 3.2 Factors infl uencing W-SYSCWM temperature 

 3.2.1 Variation of winter temperature 

 The local water mass in winter is a signifi cant 
source of the YSCWM (He et al., 1959). Therefore, 
the temperature of the YS in winter is important to 
variability of the SYSCWM temperature in summer. 

We calculated linear trends and mean temperatures 
using the 36°N and 309 section temperature data in 
February to represent winter temperature conditions 
(Fig.5). Owing to the infl uences of strong mixing and 
low air temperature, winter temperature of the YS was 
nearly homogenous in the upper and lower layers. All 
temperature data show increasing trends, so the winter 
YS temperature rose. We selected mean temperature 
below 30 m of the 36°N and 309 sections in winter to 
investigate mean temperatures in the eastern and 
western YS. This area was the same as that in summer. 
The YSWC is a major source of heat fl ux input and 
warm water to the YS. Though the intrusion of the 
YSWC had a clear westward shift along the western 
slope of the YS trough, the high-temperature input of 
the YSWC could aff ect temperature of the entire YS. 
These mean values of deep-layer temperature along 
the 36°N and 309 sections revealed the intrusion of the 
YSWC into the western and eastern SYSCWM to 
some degree. The heat fl ux input brought by the 
YSWC is seen as a major infl uence on SYSCWM 
temperature. The warming trend of the YS in winter 
shows that the source of the SYSCWM had a warming 
trend. The diff erence between W-SYSCWM 
temperatures in summer and winter was smaller than 
the diff erence between E-SYSCWM temperatures in 
those seasons (Fig.6). The correlation coeffi  cient of 
the two indices was 0.40, with confi dence coeffi  cients 
>90%. Mean temperature of the W-SYSCWM in 
winter increased by 0.03°C per year. This indicates 
that the warm water brought in by the YSWC had an 
increasing trend. The W-SYSCWM shows strongly 
conservative properties. The higher temperature of 
warm water increased the winter YS temperature.  
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 3.2.2 Variation of winter forcing factors 

 Winter climatic elements such as local wind and air 
temperature are important factors that can aff ect the 
temperature of the YS. We calculated the area-average 
meridional wind speed from December to February in 
the YS (119°–124°E, 35°–37°N) to describe winter 
monsoon conditions there. The correlation coeffi  cient 
between that wind and mean temperature of the 
W-SYSCWM is 0.41 (Fig.7a). This indicates that the 
stronger the northerly wind was, the lower the 
temperature of the W-SYSCWM. Northerly winds in 
winter advects cold air and induces stronger vertical 
mixing. A strong winter monsoon can aff ect the 
interannual variability of W-SYSCWM temperature.  

 Air temperature is also an important winter forcing 
factor. The area-average air temperature was calculated 
to portray the temperature pattern in winter. The same 
area and time used for the meridional wind speed were 
used for temperature. Air temperature in winter has a 
close relationship with the SYSCWM. The correlation 
coeffi  cient between air temperature in winter and 
mean temperature of the W-SYSCWM is 0.38 (Fig.7b), 
at a signifi cance level of 90%. Under the background 
of global warming, the temperature had an increasing 
trend of 0.03°C per year. The  P -value and  R -squared 
values of linear regression at a signifi cance level of 
90% were 0.06 and 0.13, respectively. A warmer air 
temperature in winter produces a higher temperature 
of the W-SYSCWM in summer. 

 Correlation analysis showed that the local winter 
climate factors aff ect the strength of the W-SYSCWM. 
Further, the air temperature in winter had an increasing 
trend. The atmospheric and oceanic elements in that 
season tended to raise the temperature of the 
W-SYSCWM. 

 3.3 Factors infl uencing E-SYSCWM temperature 

 In contrast with the above, in the eastern half of the 
YS, the correlation analysis showed that the mean 
temperature of the same area as the E-SYSCWM in 
winter had no obvious correlation with E-SYSCWM 
temperature in summer (Fig.6b). The correlation 
coeffi  cient was only -0.03 and the correlation did not 
pass the 90% confi dence test. The bottom temperature 
in the eastern YS changed more than that in the 
western YS from winter to summer. Although the 
strength of the YSWC in winter can infl uence the 
temperature there by modifying the heat fl ux into the 
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southern YS the previous winter, the warming trend 
of water temperature in winter was not the reason for 
the cooling trend of the E-SYSCWM. 

 3.3.1 Variation of summer process 

 The water temperature and climatic elements of the 
YS in winter cannot be used to explain the temperature 
trend of the E-SYSCWM. It may be spring or summer 
processes that induced the trend in Fig.2c. We 
calculated mean temperature of the E-SYSCWM 
using data from the 309 section in April and June. The 
computation and area used for April and June data 
were the same as those for August data. Mean 
temperature of the E-SYSCWM showed an increase 
from April to August in most years. The diff erence of 
mean temperature of the E-SYSCWM between June 
and August was greater than that between April and 
June (Fig.8b). Temperatures of the entire 309 section 

in April still showed a warming trend (Fig.9a). In 
June, a cooling trend began to appear in the 
thermocline and coastal area (Fig.9b). The cooling 
trend of the E-SYSCWM may form and develop from 
June to August, and the summer process may have a 
primary role in the decreasing trend of temperature of 
that water mass. 

 3.3.2 Circulation of YS during summer 

 Horizontal heat transport is an important modifi er 
of the thermal structure of the SYSCWM in summer. 
The fl ow fi eld can change horizontal heat input to the 
SYSCWM. In both observational (Beardsley et al., 
1992; Tang et al., 2000; Pang et al., 2004) and 
numerical studies (Yanagi and Takahashi, 1993; Xia 
et al., 2006; Moon et al., 2009), the upper-layer (4–
40 m) cyclonic circulation of the YS has been 
revealed. The model result of meridional current in 
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Fig.10 is similar to the geostrophic current obtained 
using the dynamic height method (Fig.11). The mean 
geostrophic current in summer shows that the 
dominant fl ow was southward in the western half of 
the YS and northward in the eastern half. The 
northward fl ow brings in more warm water from the 
southern part of the YS. This raises the temperature of 
the E-SYSCWM. Though tidal residual currents 
contribute to the formation of southward fl ow in the 
bottom layer (Xia et al., 2006), tidal component M 2  
(the only tidal component included in Xia’s 
simulation) had very little interannual variability. 
Thus, the tidal residual current may have no obvious 
eff ect on interannual variation of southward fl ow in 
the bottom layer. In addition, tidal residual current 
data are diffi  cult to obtain. Therefore, we only 
considered interannual variation of the YS circulation 
in summer. Warm water from the southern YS 
increases the temperature of the E-SYSCWM in 
summer.  

 The YSCWM is also more saline than the coastal 
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water mass. Changes in salinity can have diverse 
causes such as precipitation, oceanic currents, and 
river discharge. The impact of precipitation is mainly 
on the surface layer, whereas the E-YSCWM is in the 
deep layer (below 30 m) of the eastern YS. The 
E-YSCWM area is west of 125°E and far from the 
estuaries of Korea’s Han and Changjiang Rivers. 
Further, the vertical diff usion coeffi  cient of salinity is 
less than that of temperature. Therefore, advection 
caused by oceanic currents from the southern YS may 
be the main infl uence on the mean salinity of the 
E-YSCWM area. The high-salinity tongue may be 
seen as an intrusion of warm water. This can somewhat 
reveal the local current fi eld. The mean E-SYSCWM 
salinity based on the 309 section in June was 
decreasing (Fig.12). The computation and area of 
mean salinity were the same as those of the 
E-SYSCWM mean temperature. The range of the 
decreasing trend was 0.015 per year. This shows that 
the warm and saline water transport in the E-SYSCWM 
during June may be weakened. The correlation 
analysis showed the average high-salinity center of 
the eastern YS in June was related to the mean 
temperature of the E-SYSCWM. The correlation 

coeffi  cient reached 0.5. Less warm water intrusion 
slows the warming of the E-SYSCWM in summer.  

 Using HYCOM reanalysis data of 36°N, mean 
volume transport from June through August in the 
area 124.3°–125°E and 30–50 m was calculated to 
represent volume transport of the E-SYSCWM area 
in summer; that of the area 122.5°–124°E and 30–
50 m represents volume transport of the W-SYSCWM 
area in summer. Volume transports of the E-SYSCWM 
and W-SYSCWM areas had opposite phase 
tendencies. Linear trends of volume transport of the 
E-SYSCWM and W-SYSCWM areas were 
-0.006 Sv/a and -0.01 Sv/a, relatively. Transport of 
the E-SYSCWM area was negative, which means that 
the northward current weakened. Transport of the 
W-SYSCWM area was positive, which means that the 
southward current weakened. The weakening trend of 
meridional current shows that the SYSCWM 
circulation may have weakened. The correlation 
coeffi  cient of volume transport of the two areas was 
-0.78 (Fig.13), at a 95% signifi cance level. Further, 
the correlation analysis showed that the average 
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volume transport of the E-SYSCWM area from June 
to August was related to the E-SYSCWM mean 
temperature (Fig.14). The correlation coeffi  cient was 
0.6, at a 95% signifi cance level. Further, volume 
transport of the E-SYSCWM area had a decreasing 
trend, at -0.01 Sv/a. The decreasing volume transport 
reduced horizontal heat input. The decrease of volume 
transport of the E-SYSCWM area weakens the 
warming of the E-SYSCWM. 

 The reduced horizontal volume transport may be 
caused by a weakened circulation of the YS in 
summer. Such weaker circulation brings less cold 
water to the W-SYSCWM, warming it. The weaker 
circulation of the SYSCWM also brings less warm 
water to the E-SYSCWM. The decline of lateral heat 
input weakens the warming of the E-SYSCWM from 
June to August. As a result, the E-SYSCWM 
temperature did not rise as much as before and so its 
temperature became relatively low. 

 3.3.3 Thermocline variation during summer 

 The thermocline can aff ect YSCWM formation 
(Ren and Zhan, 2005). It can also inhibit vertical 
thermal mixing. We calculated the mean SST above 
the E-SYSCWM along the 309 section in June to 
describe summer SST in the area (Fig.15a). This SST 
was increasing at the rate of 0.04°C per year, and its 
correlation coeffi  cient with average E-SYSCWM 
temperature was -0.56. Lateral heat input in the 
bottom layer weakened. The increasing trend of SST 
and less warm-water intrusion intensifi ed the 
thermocline. Further, we calculated the vertical 
temperature gradient along the 309 section in June. 
The maximum vertical gradient above the 
E-SYSCWM is regarded as thermocline strength 
(Fig.15b). The range of thermocline strength was 
from 0.49°C/m (1976) to 1.19°C/m (1984). The mean 
interannual diff erence of thermocline strength was 
about 0.18°C/m. The strength in June also had a 

relationship with mean temperature of the 
E-SYSCWM. The correlation coeffi  cient was -0.64. 
Thermocline strength also had a slight increasing 
trend (0.002°C/m/a). A stronger thermocline generates 
less vertical heat exchange across it.  

 Less warm-water intrusion reduces the horizontal 
heat input. This could result from the weakening of 
the YS circulation in summer. Increasing SST and 
less bottom-layer horizontal heat input enhanced the 
temperature diff erence between the surface and 
bottom layer. The stronger thermocline inhibited 
vertical heat exchange, thereby weakening 
E-SYSCWM warming from June to August. The 
increasing SST of the YS and less warm-water 
intrusion may be the main causes of the E-SYSCWM 
cooling trend. 

 4 CONCLUSION 

 We identifi ed characteristics of long-term trends of 
the SYSCWM and examined causes of those trends. 
We used the KODC, China Standard Section, and 
ERA-interim datasets.  

 Temperatures in the eastern and western SYSCWM 
showed diff erent interannual trends. The mean 
W-SYSCWM temperature had an increasing trend, 
while that of the E-SYSCWM had a decreasing trend. 
Minimum temperature in the two regions of the YS 
had the same trends as the mean temperatures. The 
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linear trend analysis of 36°N, 307, 308 and 309 section 
data supported that temperatures in the eastern and 
western SYSCWM had opposite long-term trends. 

 In winter, temperatures of the 36°N and 309 
sections became warmer. The average temperature of 
that area in winter showed a positive correlation with 
W-SYSCWM temperature in summer. As the source 
of the SYSCWM, the warming trend of local water in 
winter indicates the reason why the W-SYSCWM 
became warmer. However, the temperature of the 
eastern YS in winter had no obvious relationship with 
E-SYSCWM temperature. The warming of local 
water did not cool E-SYSCWM water. 

 Further, winter factors such as mean meridional 
wind and air temperature had strong impacts on 
temperature variability of the W-SYSCWM. The 
mean meridional wind speed over the YS was 
positively correlated with W-SYSCWM temperature, 
with a correlation coeffi  cient of 0.41. Surface air 
temperature in winter had a similar positive correlation 
with W-SYSCWM (0.38). Air temperature in winter 
had a warming trend. Higher temperatures heated the 
local water and increased W-SYSCWM temperature.  

 Summer processes were primary in the 
E-SYSCWM cooling trend. The warming range of 
the E-SYSCWM from June to August was greater 
than that from April to June. The E-SYSCWM 
warming from June to August was more obvious. 

 Decreasing heat input in the deep layer and a 
strengthening thermocline were two important factors 
for the declining trend of E-SYSCWM temperature. A 
stronger thermocline and less lateral heat transport 
weakened vertical and horizontal heat fl uxes into the 
E-SYSCWM, respectively. A decreasing trend of 
E-SYSCWM salinity in June indicated that warm-
water transport might have been weakened. Weakened 
heat input inhibited E-SYSCWM warming from June 
to August. The reduced warm-water intrusion in 
summer might have been caused by the weakened 
circulation of the YS in summer. Further, SST of the 
eastern YS showed a long-term increasing trend. The 
warming trend of SST and less horizontal heat input 
sharpened the thermocline. The stronger thermocline 
reduced heat exchange between the upper and bottom 
layers. Accordingly, warming of the E-SYSCWM in 
summer weakened, and this caused relatively cold 
temperatures in the E-SYSCWM.  
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