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Abstract 

In the current review, the most pessimistic events of the globe in history are addressed when we present severe impacts caused by storm surges. 
During previous decades, great progresses in storm surge modeling have been made. As a result, people have developed a number of numerical 
software such as SPLASH, SLOSH etc. and implemented routine operational forecast by virtue of powerful supercomputers with the help of 
meteorological satellites and sensors as verification tools. However, storm surge as a killer from the sea is still threatening human being and 
exerting enormous impacts on human society due to economic growth, population increase and fast urbanization. To mitigate the effects of storm 
surge hazards, integrated research on disaster risk (IRDR) as an ICSU program is put on agenda. The most challenging issues concerned such as 
abrupt variation in TC’s track and intensity, comprehensive study on the consequences of storm surge and the effects of climate change on risk 
estimation are emphasized.  In addition, it is of paramount importance for coastal developing countries to set up forecast and warning system and 
reduce vulnerability of affected areas. 
 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Storm surge, an extraordinary sea surface elevation induced by atmospheric disturbance (wind and atmospheric 
pressure), is regarded as a most catastrophic natural disaster. According to long term statistical analysis, total death 
toll amounted to 1.5 million and property losses exceeded hundred billions USD globally since 18751. They could 
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where =0.4  is the von Karman constant, H is the bottom topography, 0z  is the roughness parameter and 1kb  is 

the  coordinate at the first grid near the bottom. If 1 0(1 ) /kb H z   is large enough, zC  reverts to a constant 

value 0.0025. By comprehensive trials we have found that equation (1) is not a suitable way to parameterize zC in 
Bohai Sea. As a matter of fact, taking the friction coefficient as a constant has been widely used2,3,4. Further 
numerical experiments demonstrate that setting the friction coefficient as 0.001 in the whole Bohai Sea is rather a 
proper choice to hind cast the astronomical tide in Feb, 1988 and the cold wave in Oct, 2003. 

Comparison between the computed and the measured results are shown in Fig .2. It is shown that the 
simulated tides agree well with the observations, except the discrepancies at Tanggu and Qinhuangdao stations 
during the early period, which is owing to the cold start of the simulation and long distance of these two 
stations from the open boundary of Bohai Sea.  

The simulated flow velocity is consistent with the measurement (Fig. 3), with the maximum difference not 
exceed 0.2m/s. The flow direction is also well reproduced. The only exception is that at Shanshuidao station 
around the 60th hour. This is because the flow velocity at Shanshuidao station around the 60th hour is very 
small. A slight error of velocity components can make a large change in the flow direction. 

 

 

Fig. 2 Time series of computed and observed sea level at Tanggu, Qinhuandao, Dalian and Yantai gauge stations. 

 

Fig. 3 Comparison between computed and observed current velocity and its direction at Chengbei and Shanshuidao stations. 
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Furthermore, a simulation of current flow induced by the cold wave occurring in October 2003 is also 
performed to show the ability of POM. The cold wave is very extreme due to the concurrence of spring tide. To 
simulate this cold wave, we selected the QSCAT/NCEP blended wind products with a spatial resolution of 0.5 
degrees and a temporal resolution of six hours. The simulation time was from Oct. 9 to Oct. 13, 2003. Fig.4 
presents the comparison of computed and measured surges during the cold wave at Yangjiaogou and Huanghua 
stations, which shows a satisfactory agreement between them, both in surge amplitude and phase. However, 
there are some differences between the measured data and the numerical results in the period of 50 ~ 60 hours 
at Huanghua, and in the period of 60 ~ 70 hours at Yangjiaogou. Nonetheless, due to the low accuracy of the 
wind field in both time and space, we deem that POM is capable of further investigating cold-wave-induced 
flow field in Bohai Sea.  

 
Fig. 4. The comparison of computed and measured cold surges in Yangjiaogou and Huanghua. 

2.2. Configuration and validation of SWAN 

A simulation of wind wave process in April, 2007 is performed to calibrate SWAN in Bohai Sea. The 
computation domain is 117.5°E~122.5°E, 37°N~41°N and the horizontal grid spacing is 2 minutes. In the 
computation, the QSCAT/NCEP blended wind field is also used. The expressions of wind input and white 
capping dissipation from Komen are adopted. The measured point is located at (118.8924° E, 38.3013° N) with 
a measured period from Apr. 11, 2007 to Apr. 17, 2007. The initial condition is by default a JONSWAP 
spectrum. To eliminate the effect of the initial condition, we start the simulation from April 9. Fig. 5 presents 
the comparison between computed and measured significant wave height and wave period. Although there are 
some differences between the two, the SWAN model reproduces the main feature of the wave field of Bohai 
Sea. 

 

 

Fig. 5. The comparison of computed and measured significant wave height and mean wave period. 
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where =0.4  is the von Karman constant, H is the bottom topography, 0z  is the roughness parameter and 1kb  is 

the  coordinate at the first grid near the bottom. If 1 0(1 ) /kb H z   is large enough, zC  reverts to a constant 

value 0.0025. By comprehensive trials we have found that equation (1) is not a suitable way to parameterize zC in 
Bohai Sea. As a matter of fact, taking the friction coefficient as a constant has been widely used2,3,4. Further 
numerical experiments demonstrate that setting the friction coefficient as 0.001 in the whole Bohai Sea is rather a 
proper choice to hind cast the astronomical tide in Feb, 1988 and the cold wave in Oct, 2003. 

Comparison between the computed and the measured results are shown in Fig .2. It is shown that the 
simulated tides agree well with the observations, except the discrepancies at Tanggu and Qinhuangdao stations 
during the early period, which is owing to the cold start of the simulation and long distance of these two 
stations from the open boundary of Bohai Sea.  

The simulated flow velocity is consistent with the measurement (Fig. 3), with the maximum difference not 
exceed 0.2m/s. The flow direction is also well reproduced. The only exception is that at Shanshuidao station 
around the 60th hour. This is because the flow velocity at Shanshuidao station around the 60th hour is very 
small. A slight error of velocity components can make a large change in the flow direction. 
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Furthermore, a simulation of current flow induced by the cold wave occurring in October 2003 is also 
performed to show the ability of POM. The cold wave is very extreme due to the concurrence of spring tide. To 
simulate this cold wave, we selected the QSCAT/NCEP blended wind products with a spatial resolution of 0.5 
degrees and a temporal resolution of six hours. The simulation time was from Oct. 9 to Oct. 13, 2003. Fig.4 
presents the comparison of computed and measured surges during the cold wave at Yangjiaogou and Huanghua 
stations, which shows a satisfactory agreement between them, both in surge amplitude and phase. However, 
there are some differences between the measured data and the numerical results in the period of 50 ~ 60 hours 
at Huanghua, and in the period of 60 ~ 70 hours at Yangjiaogou. Nonetheless, due to the low accuracy of the 
wind field in both time and space, we deem that POM is capable of further investigating cold-wave-induced 
flow field in Bohai Sea.  

 
Fig. 4. The comparison of computed and measured cold surges in Yangjiaogou and Huanghua. 
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3. Results and Discussion 

By means of POM and SWAN, we have investigated the hydrodynamic climates of Puti Island wind farm in case 
of typical extreme cold waves in Bohai Sea. In the wind farm area, a nested computational grid with horizontal 
resolution of 0.25’ is used to improve the numerical accuracy without significant computational cost. The nested 
area is 118.65°E~118.95°E, 38.85°N~39.15°N (see Fig. 1). The boundary conditions are from the coarser grid 
results. 

3.1. Typical extreme cold waves in Bohai Sea 

Since Bohai Sea is very shallow with an average water depth of 18 m, the impact of atmospheric pressure on 
water flow is far less important than wind shear. Hence, we primarily consider the wind field of cold waves. In the 
present paper we focus on the extreme conditions. The wind speed considered is no less than 20.7 m/s. The 
horizontal spatial scale of cold waves is generally much larger than the dimension of Bohai Sea. So, the wind field 
can be viewed as spatially uniform. In regard to the wind direction, after analyzing the meteorological data from 
1991 to 2000, Zhang (2003) revealed that cold waves hitting Bohai Sea move along three major tracks (NW, N, W), 
with each track having its own prevailing wind. As a result, we choose three typical cold wave paths (NW, N, W) 
for the numerical simulation which will induce NNE, ENE and NNW prevailing winds respectively. And for each 
path four wind speeds (20.7 m/s, 24.4 m/s, 28.7 m/s and 30m/s) are considered, the first three corresponding to winds 
of force 8 to 10, and the last one accounting for possible increase in extreme wind speed in the context of global 
climate change5.The duration of cold air break is about a day or so. We take the extreme case of two days. Tab. 1 
lists the presumed 12 cases.  

Table 1. Presumed typical extreme cold waves hitting Bohai Sea. 

Cold wave path Prevailing wind Wind speed (m/s) 

NW NNE 20.7 24.4 28.7 30 

N ENE 20.7 24.4 28.7 30 

W NNW 20.7 24.4 28.7 30 

3.2. Extreme water level and currents in Puti Island wind farm 

In Bohai Sea, the NNE and ENE winds generally cause water level rise, while the NNW wind, which is offshore, 
makes water level decline. Both of the highest and lowest water levels during the operation of offshore structures are 
of significant concern. Here, we present the extreme high water level in case of the NNE and ENE winds, and the 
lowest water level in case of the NNW wind.  

As seen in Tab. 2, the highest water level occurs in case of ENE wind. Fig. 6 shows the contours of water level in 
the wind farm for different wind directions with wind speed of 30m/s, suggesting a roughly uniform distribution of 
the highest water level, with the difference between the maximal and minimal values no more than 0.2 m for each 
case. 

Table 2. Extreme water level in case of typical extreme cold waves. 

Wind speed (m/s) 30 28.4 24.4 20.7 

Highest water level in case of NNE wind (m) 2.29 1.99 1.59 1.22 

Highest water level in case of ENE wind (m) 3.98 3.54 2.58 1.85 

Lowest water level in case of NNW wind (m) -2.32 -2.02 -1.54 -1.18 
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3. Results and Discussion 

By means of POM and SWAN, we have investigated the hydrodynamic climates of Puti Island wind farm in case 
of typical extreme cold waves in Bohai Sea. In the wind farm area, a nested computational grid with horizontal 
resolution of 0.25’ is used to improve the numerical accuracy without significant computational cost. The nested 
area is 118.65°E~118.95°E, 38.85°N~39.15°N (see Fig. 1). The boundary conditions are from the coarser grid 
results. 

3.1. Typical extreme cold waves in Bohai Sea 

Since Bohai Sea is very shallow with an average water depth of 18 m, the impact of atmospheric pressure on 
water flow is far less important than wind shear. Hence, we primarily consider the wind field of cold waves. In the 
present paper we focus on the extreme conditions. The wind speed considered is no less than 20.7 m/s. The 
horizontal spatial scale of cold waves is generally much larger than the dimension of Bohai Sea. So, the wind field 
can be viewed as spatially uniform. In regard to the wind direction, after analyzing the meteorological data from 
1991 to 2000, Zhang (2003) revealed that cold waves hitting Bohai Sea move along three major tracks (NW, N, W), 
with each track having its own prevailing wind. As a result, we choose three typical cold wave paths (NW, N, W) 
for the numerical simulation which will induce NNE, ENE and NNW prevailing winds respectively. And for each 
path four wind speeds (20.7 m/s, 24.4 m/s, 28.7 m/s and 30m/s) are considered, the first three corresponding to winds 
of force 8 to 10, and the last one accounting for possible increase in extreme wind speed in the context of global 
climate change5.The duration of cold air break is about a day or so. We take the extreme case of two days. Tab. 1 
lists the presumed 12 cases.  

Table 1. Presumed typical extreme cold waves hitting Bohai Sea. 

Cold wave path Prevailing wind Wind speed (m/s) 

NW NNE 20.7 24.4 28.7 30 

N ENE 20.7 24.4 28.7 30 

W NNW 20.7 24.4 28.7 30 

3.2. Extreme water level and currents in Puti Island wind farm 

In Bohai Sea, the NNE and ENE winds generally cause water level rise, while the NNW wind, which is offshore, 
makes water level decline. Both of the highest and lowest water levels during the operation of offshore structures are 
of significant concern. Here, we present the extreme high water level in case of the NNE and ENE winds, and the 
lowest water level in case of the NNW wind.  

As seen in Tab. 2, the highest water level occurs in case of ENE wind. Fig. 6 shows the contours of water level in 
the wind farm for different wind directions with wind speed of 30m/s, suggesting a roughly uniform distribution of 
the highest water level, with the difference between the maximal and minimal values no more than 0.2 m for each 
case. 

Table 2. Extreme water level in case of typical extreme cold waves. 

Wind speed (m/s) 30 28.4 24.4 20.7 

Highest water level in case of NNE wind (m) 2.29 1.99 1.59 1.22 

Highest water level in case of ENE wind (m) 3.98 3.54 2.58 1.85 

Lowest water level in case of NNW wind (m) -2.32 -2.02 -1.54 -1.18 
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4. Conclusion 

Using field data, we have calibrated the POM and SWAN models in Bohai Sea. Then, we have employed the two 
models to delineate possible extreme hydrodynamic conditions in the area of Puti Island wind farm in Bohai Sea. 
Conclusions are drawn as follows.  

Extreme hydrodynamic conditions in the area of Puti Island wind farm occurs in case of cold waves. Both the 
wind direction and the wind speed during cold waves are influential parameters to the extreme water currents and 
waves.  

At the same wind speed, the highest water level and the maximum current velocity occur in different wind 
directions. The ENE wind makes the highest water level, whereas the NNE wind makes the maximum current 
velocity. The highest water level roughly displays a uniform distribution in the wind farm. The maximum current 
velocity is roughly inverse proportional to the water depth. 

Wind direction is more influential to water wave parameters than wind speed. At the same wind speed, the ENE 
wind makes higher waves with longer periods than the NNE and NNW winds. The contours of the significant wave 
height and the average wave period are generally parallel to the contours of bottom topography, suggesting that 
water depth is an important parameter governing the extreme wave parameters. Higher waves with longer periods 
occur in deeper water areas.  
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4. Conclusion 

Using field data, we have calibrated the POM and SWAN models in Bohai Sea. Then, we have employed the two 
models to delineate possible extreme hydrodynamic conditions in the area of Puti Island wind farm in Bohai Sea. 
Conclusions are drawn as follows.  

Extreme hydrodynamic conditions in the area of Puti Island wind farm occurs in case of cold waves. Both the 
wind direction and the wind speed during cold waves are influential parameters to the extreme water currents and 
waves.  

At the same wind speed, the highest water level and the maximum current velocity occur in different wind 
directions. The ENE wind makes the highest water level, whereas the NNE wind makes the maximum current 
velocity. The highest water level roughly displays a uniform distribution in the wind farm. The maximum current 
velocity is roughly inverse proportional to the water depth. 

Wind direction is more influential to water wave parameters than wind speed. At the same wind speed, the ENE 
wind makes higher waves with longer periods than the NNE and NNW winds. The contours of the significant wave 
height and the average wave period are generally parallel to the contours of bottom topography, suggesting that 
water depth is an important parameter governing the extreme wave parameters. Higher waves with longer periods 
occur in deeper water areas.  
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