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Abstract: Based on the survey materials of the waters of Jiaozhou Bay in April and August 1981, this 
article studies the water temperature and horizontal distribution in the surface waters of Jiaozhou Bay. The 
results have showed that the water temperature ranged within 7.52-30.90℃ in April and August, and the 
length of interval of water temperature was 23.38℃. The water temperature of the ocean was above 7.00℃. 
It indicated that the water temperature of the entire water body of Jiaozhou Bay was relatively high in April 
and August, in terms of the changes of water temperature. In April, the water temperature in the water body 
of Jiaozhou Bay ranged within 7.52-13.70℃, and the length of temperature interval was 6.18℃. In Jiaozhou 
Bay, from the northeastern coastal waters along the northern coastal waters to the northwestern coastal 
waters, the range of water temperature changes was 12.82-13.70℃, and the interval length of seawater 
temperature changes was 0.88℃. From the northern area to the southern area, the range of water 
temperature changes was 7.52-13.70℃, and the interval length of seawater temperature was 6.18℃. In 
August, the range of water temperature changes was 24.60-30.90℃, and the interval length of seawater 
temperature was 6.30℃. In the eastern area of Jiaozhou Bay, the water temperature in the coastal waters of 
the estuary of Jiaozhou Bay was 30.90℃, forming a high temperature area. In the coastal waters of Jiaozhou 
Bay from the northwest to the north, the range of water temperature changes was 27.32-27.37℃ and the 
interval length of seawater temperature was 0.05℃. In April and August, the increase of water temperature 
in the coastal waters from the northeast along the north to the northwest of Jiaozhou Bay was mainly caused 
by the shortwave radiation from the sun and sky and the longwave radiation from the atmosphere which 
continuously offered heat to the seawater. In April, it formed a circular water area with low temperature 
centered with the central water area of Jiaozhou Bay, whose water temperature ranged within 7.52-8.51℃. 
Thus, there was no heat source to provide heat to the central waters of Jiaozhou Bay, resulting a loop-locked 
low water temperature area in the center of the bay. In August, in the eastern part of Jiaozhou Bay, that is, 
the coastal waters in the estuary of Haibo River, the water temperature reached a relatively high value, 
30.90°C. The source of the increase in water temperature was the transportation of heat from Haibo River, 
which transferred the heat of the river to the surface seawater. 

1 Introduction 
The ocean occupies 71% of the earth’s surface area. At 
the same time, the heat capacity of seawater greatly 
exceeds the heat capacity of land and air. Therefore, the 
ocean plays a great role in climate regulation on the 
entire earth [1-10]. This paper studies the changes in 
water temperature and high-temperature water area in the 
coastal waters, which can provide important help for 
protecting the marine environment and maintaining 
sustainable ecological development. Based on the survey 
data in 1981, the author has analyzed the water 
temperature, horizontal distribution, and the changes of 
sources in the water body of Jiaozhou Bay, and has 
studied the water temperature in the water body of 
Jiaozhou Bay, the changing process of sources and the 
source quantity, which provides a scientific background 

for the comprehensive analysis of the sources and the 
high temperature area and a theoretical basis for the 
change of water temperature and its impact on the 
environment. 

2 Survey waters, materials and 
methods 

2.1 Natural environment of Jiaozhou Bay 

Jiaozhou Bay is located in the southern part of Shandong 
Peninsula. Its geographical position is between 
120°04′-120°23′E and 35°58′-36°18′N. It is bounded by 
the line connecting Tuan Island and Xuejia Island and is 
connected to the Yellow Sea. With an area of about 
446km2 and an average water depth of about 7m, it is a 
typical semi-enclosed bay. There are more than a dozen 
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rivers entering the sea in Jiaozhou Bay, among which the 
Dagu River, Yang River and the Haibo River, Licun 
River and Loushan River in Qingdao City with larger 
runoff and sand content. These rivers are all seasonal 
rivers, and the river hydrological characteristics have 
obvious seasonal changes [11, 12]. 

2.2 Materials and methods 

The survey data of water temperature in the waters of 
Jiaozhou Bay in April and August 1981 used in this 
study are provided by the North Sea Monitoring Center 
of the State Oceanic Administration. In April, taking 
water samples from 30 stations: A1, A2, A3, A4, A5, A6, 
A7, A8, B1, B2, B3, B4, B5, C1, C2, C3, C4, C5, C6, C7, 
C8, D1, D2, D3, D4, D5, D6, D7, D8, D9. In August, 
taking water samples from 29 stations: A1, A2, A3, A4, 
A5, A6, A7, A8, B1, B3, B4, B5, C1, C2, C3, C4, C5, C6, 
C7, C8, D1, D2, D3, D4, D5, D6, D7, D8, D9 (Figure 1). 
Water samples were taken according to the water depth 
(surface and bottom layers were taken when the 
depth >10m, and only the surface layer was taken when 
the depth <10m) for investigation and sampling. The 
survey of water temperature in Jiaozhou Bay water body 
was carried out according to the national standard 
method, which was recorded in the national “Marine 
Monitoring Code” (1991) [13]. 

 
Fig.1 Investigate sites of Jiaozhou Bay 

3 Results 

3.1 Water temperature 

In April and August, the range of water temperature 
changes in the waters of Jiaozhou Bay was 7.52-30.90℃, 
and the interval length of water temperature changes was 
23.38℃. In April, the water temperature of seawater was 
very low, whose variation range was 7.52-13.70℃. In 
August, the water temperature in the surface water body 
was markedly increased to very high, whose variation 
range was 24.60-30.90℃. Therefore, the variation range 
of the water temperature in the water body of Jiaozhou 
Bay was 7.52-30.90℃ in April and August. The water 
temperature reached 7.00℃ or above, and the interval 

length of the water temperature changes was 23.38℃. It 
indicated that in April and August, the water temperature 
in the entire waters of Jiaozhou Bay was relatively high, 
the variation of water temperature was relatively large, 
and the increase of water temperature was fairly fast 
(Table 1).     
Tab.1 The surface water temperature in Jiaozhou bay in April 

and August  

 Time April August 
Seawater temperature/ ℃ 7.52-13.70  24.60-30.90  

3.2 Horizontal distribution 

In April, in the northeast of Jiaozhou Bay, at station C3 in 
the coastal waters of the estuary of Loushan River, at 
station C5 in the northeastern coastal waters of Jiaozhou 
Bay, and at station B1 in the northwestern coastal waters, 
that is, in the northeastern waters of Jiaozhou Bay along 
the northern coastal waters to the northwestern coastal 
waters, the water temperature reached relatively high 
value, 12.82-13.70℃, and a high temperature area was 
formed centered with the northern coastal waters, where 
a series of parallel lines with different gradients from the 
north to the south of the bay was appeared. The water 
temperature gradually decreased from 12.82~13.70℃ in 
the center to 8.11℃ in the central waters of the bay 
(Figure 2). At station D7 in the central waters of the bay, 
it formed a low temperature area with the station D7 as 
the center, covering the circular water area formed by A7 
and D4, where the water temperature reached the low 
value within 7.52-8.51℃. In this way, a loop-locked 
low-temperature area appeared in the central waters of 
the bay, and the temperature in this low-temperature area 
was between 7.52℃ and 8.51℃ (Figure 2). 

 
Fig.2 Water temperature distribution in the surface waters of 

Jiaozhou Bay in April 1981 
In August, in the east of Jiaozhou Bay, at station D1 

in the coastal waters of the estuary of Haibo River, the 
water temperature reached a relatively high value, 
30.90℃, and a high temperature area was formed 
centered with the coastal waters of the estuary of Haibo 
River, where a series of semi-concentric circles with 
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different gradients was appeared. The water temperature 
gradually decreased from 30.90℃ in the center to 
25.64℃ in the central waters of the bay (Figure 3). At 
station B1 in the northwestern central waters of the bay, 
and at station B4 in the northern coastal waters, that is, in 
the coastal waters from northwest to the west, it formed a 
high temperature area with the coastal waters from the 
northwest to the north as the center, forming a series of 
parallel lines with different gradients, where the water 
temperature reached relatively high value between 
27.32-27.37℃. The water temperature decreased along 
the gradients from the center, 27.32-27.37℃, to the 
central water of the bay, 25.64℃ (Figure 3).  

 
Fig.3 Water temperature distribution in the surface waters of 

Jiaozhou Bay in August 1981 

4 Discussion 

4.1 The regional changes in water temperature 

In April and August, the variation range of water 
temperature in the water body of Jiaozhou Bay was 
7.52-30.90℃. From April to August, the water 
temperature was above 7.00℃. In addition, the interval 
of the variation range of the water temperature was 
23.38℃. It indicated that the water temperature of the 
entire water body of Jiaozhou Bay was relatively high in 
April and August, with large variation and fast increase 
in the water temperature.  

In April, the variation range of water temperature in 
the water body of Jiaozhou Bay was 7.52-13.70℃, and 
the interval length of the changes of water temperature 
was 6.18℃, which indicated that the water temperature 
in the waters of Jiaozhou Bay was low, and had small 
changes. There was a relatively high temperature area in 
the waters of Jiaozhou Bay, where the changes of water 
temperature was small. In the coastal waters from the 
northeast along the north to the northwest, the variation 
range of water temperature was 12.82-13.70 ℃, and the 
interval length was 0.88℃, which demonstrated that the 
water temperature was relatively high and had small 
changes in the northeastern coastal waters along the 
northern coastal waters to the northwestern coastal 
waters. The variation range of water temperature was 

7.52-13.70 ℃ from the north to the south of the bay with 
the interval length of 6.18℃. It presented that the water 
temperature had relatively big changes from high to low 
and from the north to the south of the bay.    

In August, the variation range of water temperature in 
the water body of Jiaozhou Bay was 24.60-30.90℃, and 
the interval length of the changes of water temperature 
was 6.30℃, which indicated that the water temperature 
in the waters of Jiaozhou Bay was very high, and had 
small changes. In the east of Jiaozhou Bay, there was a 
relatively high temperature area in the coastal waters of 
the estuary of Haibo River, where the water temperature 
reached 30.90℃. In the coastal waters from the 
northwest to the north, the variation range of water 
temperature was 27.32-27.37℃, and the interval length 
was 0.05℃, which demonstrated that the water 
temperature was relatively high with small changes from 
the northwestern coastal waters to the northern coastal 
waters.  

4.2 Sources  

The rise in water temperature is mainly caused by 
short-wave radiation from the sun and the sky and 
long-wave radiation from the atmosphere to continuously 
provide heat to the seawater, and it is provided at all 
times throughout the year. In addition, the heat conducted 
by the air to the sea and the heat brought by the ocean 
currents provide a source of heat for the seawater. 

In April, in the coastal waters of Jiaozhou Bay from 
the northeast along the north to the northwest, the water 
temperature reached 12.82-13.70℃, forming a high 
temperature area with the northern coastal waters as the 
center. The rise in water temperature was sourced from 
the short-wave radiation from the sun and the sky, the 
long-wave radiation from the atmosphere, and the heat 
transferred from the air to the surface seawater. After the 
winter, with the increase of solar radiation, the surface 
seawater temperature gradually rose. The coastal waters 
in the northeast, north and northwest were relatively 
shallow, with a water depth of 2.4 to 3.5 meters. In this 
way, after entering April, the water temperature started to 
rise from the shallower waters. In Jiaozhou Bay, it 
formed a low temperature area centered with the central 
waters of station D7 and covering the circular water area 
formed by A7 and D4, where the water temperature 
reached the low value of 7.52-8.51℃. In this way, there 
was no heat source to provide heat to the central waters 
of the bay, resulting in a loop-locked low temperature 
area in the center of the bay (Figure 2). 

In August, in the coastal waters of Jiaozhou Bay from 
the northwest to the north, the water temperature reached 
27.32-27.37℃, forming a high temperature area with the 
coastal waters from the northwest to north as the center. 
The rise in water temperature was sourced from the 
short-wave radiation from the sun and the sky, the 
long-wave radiation from the atmosphere, and the heat 
transferred from the air to the surface seawater. As solar 
radiation continued to increase, the surface seawater 
temperature gradually rose. At the same time, in August, 
the temperature was very high, and the heat transferred 
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from the air to the seawater further increased. In this way, 
the surface seawater temperature rose further, and the 
area of rising water temperature further expanded, 
resulting the entire waters of Jiaozhou Bay were in a high 
temperature area. In the eastern part of Jiaozhou Bay, in 
the coastal waters of the estuary of Haibo River, the 
water temperature reached a high value of 30.90℃. A 
high temperature area was formed centered with the 
coastal waters of the estuary of Haibo River. The source 
of the increase in water temperature was the heat transfer 
from the Haibo River to the surface seawater. Thus, the 
high temperature area of the surface seawater was in the 
coastal waters of the estuary of Haibo River. 

5. Conclusion 
The water temperature ranged within 7.52-30.90℃ in 
April and August, and the length of interval of water 
temperature was 23.38℃. The water temperature of the 
ocean was above 7.00℃. It indicated that the water 
temperature of the entire water body of Jiaozhou Bay 
was relatively high in April and August, in terms of the 
changes of water temperature. 

In April, the variation range of water temperature in 
the water body of Jiaozhou Bay was 7.52-13.70℃, and 
the interval length of the changes of water temperature 
was 6.18℃, which indicated that the water temperature 
in the waters of Jiaozhou Bay was low, and had small 
changes. In the coastal waters from the northeast along 
the north to the northwest, the variation range of water 
temperature was 12.82-13.70 ℃, and the interval length 
was 0.88℃. The variation range of water temperature 
was 7.52-13.70 ℃ from the north to the south of the bay 
with the interval length of 6.18℃.  

In August, the variation range of water temperature in 
the water body of Jiaozhou Bay was 24.60-30.90℃, and 
the interval length of the changes of water temperature 
was 6.30℃, which indicated that the water temperature 
in the waters of Jiaozhou Bay was very high, and had 
small changes. In the east of Jiaozhou Bay, there was a 
relatively high temperature area in the coastal waters of 
the estuary of Haibo River, where the water temperature 
reached 30.90℃. In the coastal waters from the 
northwest to the north, the variation range of water 
temperature was 27.32-27.37℃, and the interval length 
was 0.05℃. 

In April, in the coastal waters of Jiaozhou Bay from 
the northeast along the north to the northwest, the water 
temperature reached 12.82-13.70℃, forming a high 
temperature area with the northern coastal waters as the 
center. In August, in the coastal waters of Jiaozhou Bay 
from the northwest to the north, the water temperature 
reached 27.32-27.37℃, forming a high temperature area 
with the coastal waters from the northwest to north as the 
center. Thus, in April and August, the rise in water 
temperature was mainly caused by short-wave radiation 
from the sun and the sky and long-wave radiation from 
the atmosphere to continuously provide heat to the 
seawater, and it is provided at all times throughout the 
year. In addition, the heat conducted by the air to the sea 
and the heat brought by the ocean currents provide a 

source of heat for the seawater. 
In April, it formed a low temperature area centered 

with the central waters of station D7 and covering the 
circular water area formed by A7 and D4, where the 
water temperature reached the low value of 7.52-8.51℃. 
In this way, there was no heat source to provide heat to 
the central waters of the bay, resulting in a loop-locked 
low temperature area in the center of the bay. 

In August, in the east of Jiaozhou Bay, there was a 
relatively high temperature area in the coastal waters of 
the estuary of Haibo River, where the water temperature 
reached 30.90℃. The source of the increase in water 
temperature was the heat transfer from the Haibo River 
to the surface seawater. 
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