
  

 

Abstract—A study on the impact of different typhoon tracks 

on Jiangsu coastal storm surge has been conducted by setting up 

several experiments respectively directing at different typhoon 

tracks, including Typhoon offshore distance, landing angle and 

sites, and by using the numerical model of storm surge 

constructed based on the SELFE model. The study findings 

suggest that the maximum storm surges in coastal areas of 

Jiangsu decrease mainly with increasing offshore distance of 

typhoon tracks, and as the typhoon track moves away from the 

shore, the storm surge offshore will increase. With the increase 

of landing angle, the maximum storm surges in radial sand 

ridges would gradually decrease and those in the south of radial 

sand ridges in Jiangsu coastal areas will first increase and then 

decrease, and those in the north of radial sand ridges in Jiangsu 

coastal areas would remain unchanged and then decrease. 

 
Index Terms—Jiangsu coast, SELF model, storm surge, 

increase in water, typhoon track. 

 

I. INTRODUCTION 

In recent years, the world has seen more frequent visits by 

storm surge and the gradually rising damages resulted 

therefrom, drawing extensive attention of the international 

community. [1]. To defense the storm surge and minimize the 

losses of such disaster, it's essential to warn and predict the 

storm surge and its time, location and tidal height [2], [3] 

timely and accurately for full preparations. So it is very 

urgent and significant for all coastal states to strengthen the 

discussion of storm surge's cause and the internal mechanism 

thereof, and study on the numerical model of storm surge [4] 

and increase accuracy of storm surge forecasting [5]. 

Therefore, a large scale ocean circulation model has been 

adopted in this paper to simulate and study the effect and 

physical process of the storm surge produced by typhoon in 

Jiangsu coastal areas to provide technical guidance for the 

development of these areas. 

  

II. THE ESTABLISHMENT AND VERIFICATION 

A. The Model and Its Simulation Range 

The SELFE (Semi-implicit Eulerian-Lagrangian 

finite-element model for cross-scale ocean circulation) model 
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is the most up-to-date ocean model developed by the 

Yinglong ZHANG, M. Baptista team [6]. The SELFE model, 

beinga maturity model, has been successfully adopted in 

respect to many problems of various estuary [7]. The V3.1d 

parallel version of the SELFE model has been used in this 

paper. The range for calculation in this model is 24ºN～41ºN, 

117ºE～131ºE, including Bo Sea, Yellow Sea and East Sea. 

A trangle mesh distribution of the whole calculated ocean 

area has been shown in the Fig. 1 and those steep area close to 

the shore and in seafloor topography has been treated with 

mesh refinement. The resolution ratio of sea area in Jiangsu 

Coast in this paper is up to 100m and the boundary area 

between open waters and coastal waters is not less than 10km, 

including 154867 mesh nodes and 30544 triangular elements 

in the whole calculated area. 
 

 
Fig. 1. calculated area and mesh distribution. 

 

B. Boundary Conditions 

The method of tidal harmonic constants in the given 

boundary nodes has been applied in open boundary 

conditions to drive the model. The harmonic constants of 

eight main partial tides (M2, S2, N2, K2, K1, O1, P1, Q1) 

from Japanese tide model has been interpolated into the open 

boundary nodes. 

C. Correlation Parameter and Model Verification 

The simulation time of the model is from zero o'clock, May 

28th, 2011 to 23 o'clock, July 15th, 2011. The step of 
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calculating time is set at 90 seconds and a result is output per 

hour. The drag coefficient of ocean area to be calculated is a 

comprehensive contributory factor relating to water depth, 

bottom morphology and water obstacles, etc. The drag 

coefficient field depending strongly on the depth of seawater 

has been given out according to the topography and sediment 

condition of the East China Sea. The chosen value after the 

calibration of the model is 0.001-0.0025. This paper first 

takes Muifa, the 9th tropical storm of 2011, to conduct 

simulation study [8]. The Typhoon wind field has been 

achieved through calculation with the model of Fujita air 

pressure and Miyazaki masae wind [9], which can be adopted 

to build the wind field of typhoon. By taking it as the 

atmospheric forcing in the model of storm surge, the 

simulation of the process caused by typhoons can be 

achieved; Furthermore, the data of wind field in netcdf 

format sourcing from 

ECMWF(http://apps.ecmwf.int/datasets/data/interim-full-dai

ly/) is taken as the input wind field to simulate the process of 

storm surge. The result of the simulated sea level of the storm 

surge has been verified by comparison with the actual 

measured data, it demonstrates [10] that the sea level of the 

storm surge simulated by the two sets of wind field can more 

or less accurately reflect the process of storm surge in Jiangsu 

coastal areas; The basic structure of typhoons could be better 

reflected by the wind field built in a model of typhoon wind 

field. 

 

III. THE RESPONSE CHARACTERISTICS OF STORM SURGE IN 

JIANGSU COASTAL AREAS 

 

 
Fig. 2. The first experiment. 

 

Given that the central air pressure, maximum wind speed 

radius, speed of typhoon center and other parameters are the 

same, then typhoon track will determine the size of storm 

surge elevation, the change of which may result in a totally 

different distribution pattern of storm surge. In order to study 

the influence that typhoon track has on storm surge in the 

Jiangsu coastal areas, 3 sets of experiments have been set up 

in this study, the tracks of which are shown in Fig. 2, 3 and 4 

respectively(all of the typhoon centers are moving from low 

latitude towards high latitudes). Except for typhoon track, all 

the other characteristic parameters are identical, for example, 

the central air pressure is 970hPa, the maximum wind speed 

radius is 100km and the speed of typhoon center is 23km/h. 

A. The Influence of Typhoon’s Offshore Distance 

In the first experiment shown in Fig. 2, the typhoon track is 

approximately parallel to the coastline in Jiangsu province 

with 40km of vertical spacing between every two tracks.  
 

 
Fig. 3. The second experiment. 

 

 
Fig. 4. The third experiment. 

 

There are six tracks in total defined as the track 2-1 to 2-6 

from west to east and the duration time of typhoon is from 8 

o'clock, August 1st, 2011 to 8 o'clock, August 4th, 2011. Fig. 

5 a-f represents the distribution of maximum storm surge 

produced in the process of track 2-1 to 2-6 of typhoon 

respectively. 
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The track 2-2 typhoon basically moves roughly north 

along the coastline in Jiangsu province, producing the 

maximum storm surge near Jianggang in radial sand ridges 

with its peak value being up to more than 2m. The storm 

surge off the coast from Jianggang facing south to Lvsi is also 

great with its peak value being about 1.8m while the 

maximum storm surge in other places in Jiangsu coastal areas 

is mostly about 1.5m. 

 

 
a) track 2-1 

 
b) track 2-2 

 
c) track 2-3 

 
d) track 2-4 

 
e) track 2-5 

 
f) track 2-6 

Fig. 5. The distribution of maximum storm surge in the first experiment. 

 

The track 2-1 typhoon that is parallel to 2-1 landed in 

Yangtze Estuary and moves north along the coastline within 

40km of Jiangsu coastline, results in the maximum storm 

surge near Jianggang greater than those in track 2-2 .The 

storm surge in the coast areas from Lianyungang to Binhai 

coastal has slightly decreased and no significant change in 

other coastal areas of Jiangsu. In the meantime, the storm 

surge elevation within the Yangtze Estuary of track 2-1 

typhoon has markedly increased and the storm surge 

elevation far from the sea area has decreased.  
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The track 2-3 moving north from about 40km beyond the 

Jiangsu coastline has caused the maximum storm surge near 

Jianggang to be slightly smaller than those caused by track 

2-2 typhoon with less than 2m of maximum storm surge. The 

storm surge on the coast from Lianyungang to Binhai port 

has slightly increased and there is no significant change in 

other coastal areas of Jiangsu. The storm surge caused within 

Yangtze Estuary of track 2-3 has significantly decreased and 

the storm surge elevation far from the sea area has increased. 

The track 2-4 around 80km beyond Jiangsu coastline has 

caused the maximum storm surge on the coast from 

Xiangshui to Binhai port which is slightly greater than those 

caused by track 2-3 typhoon and the maximum storm surge in 

other coastal areas of Jiangsu has decreased. 

The maximum storm surge caused in the whole Jiangsu 

coastal areas has gradually decreased when the offshore 

distance of typhoon tracks continues to increase (track 2-5 

and 2-6). 

B. The Influence of Typhoon’s Landing Angle  

 In the second experiment as shown in Fig. 3,there are four 

typhoon tracks from north to south that can be defined as 

track 3-1 to 3-4, and the angle between landing direction and 

the west in anticlockwise direction is 15°,30°,45°and 60° 

respectively. All of which are landed in Jianggang ,Jiangsu 

province and then moves at an angle of 20° to the west and 

the duration of which is from 8 o'clock, August 1th, 2011 to 0 

o'clock, August 4th, 2001.The distributions of maximum 

storm surge caused in the typhoon track 3-1 to 3-4 were 

shown in Fig. 6 a)-d). 
 

 
a) Track 3-1 

 
b) Track 3-2 

 
c) Track 3-3 

 
d) Track 3-4 

Fig. 6. The distribution of maximum storm surge in the second experiment. 

 

The track 3-1 landed in Jianggang at an angle of 15° to the 

west and produced the maximum storm surge near Jianggang 

in radial sand ridges with its peak value close to 2m while the 

maximum storm surge in other coastal places of Jiangsu is 

mostly about 1.5m. 

The track 3-2 landed in Jianggang at an angle of 30° to the 

west and produced the maximum storm surge near Jianggang 

in radial sand ridges smaller than those spawned by track 3-1 

with the peak value up to 2.5m or more. The maximum storm 

surge in the coastal places of southern Jiangsu has been 

increased and there is no significant change in other coastal 

areas of southern Jiangsu. 

When the landing angle of typhoon continues to 

increase(track 3-3, 3-4), the maximum storm surges caused in 

the whole Jiangsu coastal areas has gradually decreased and 

those caused in Yangtze Estuary has increased significantly 

due to a closer distance between the typhoon and  the 

Yangtze Estuary. 

C. The Influence of Typhoon’s Landing Sites 

In the third experiment as shown in Fig. 4, all of the angles 

between landing direction and the west in anticlockwise 

direction are 30° with 55km of north-south spacing between 

every two tracks. There are six tracks from north to south 

which can be defined as track 4-1 to 4-6 respectively, during 

which track 4-3 landed in Jianggang with a duration of 

typhoon from 8 o'clock, August 1st, 2011 to 0 o'clock, 

August 4th, 2001.The distribution of maximum storm surge 

caused in the typhoon track 4-1 to 4-6 were shown in Fig. 7 

a)-f). 
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a) track 4-1 

 
b) track 4-2 

 
c) track 4-3 

 
d) track 4-4 

 
e) track 4-5 

 
f) track 4-6 

Fig. 7. The distribution of maximum storm surge in the third experiment. 

 

When typhoon landed from low latitude to high latitude at 

an angle of 30° to the west, apart from the greater storm surge 

caused by the convergence phenomena in the special 

topography of radial sand ridges, the storm surges in the area 

with the maximum wind speed radius to the north of 

typhoon’s landing sites remained the most serious, this means 

that there would be the most serious storm surge when a 

typhoon landed within maximum wind speed radius to the 

south of a certain area. Because of the effect of the Deflection 

Force of Earth Rotation, the airflow on lower levels of 

typhoon in the Northern Hemisphere rotates 

counterclockwise round the eye of the typhoon. When 

typhoon landed back and forth, the wind speed north of the 

eye of typhoon is towards the shore, resulting in the storm 

surge elevation along the north coast area; while the wind 

speed south of the eye of typhoon is off the shore, resulting in 

the storm surge elevation along the south coast area. 

 

IV. CONCLUSION 

When the typhoon track is more or less parallel to Jiangsu 

coastline, it would cause the maximum storm surge near 

Jianggang in radial sand ridges. Moreover, because of the 

reflecting action of the Shandong Peninsula, the storm surge 

on the coast from Lianyungang in northern Jiangsu to Binhai 

port also has been increased. The maximum storm surge here 

has firstly increased and then decreased along with a longer 

offshore distance of the typhoon track. When the distance is 
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close to the maximum wind speed radius, the storm surge 

reaches its peak value; the maximum storm surge in other 

coastal areas of Jiangsu decreased as the off distance of 

typhoon track increase. And with the offshore distance of 

typhoon track becoming longer, the storm surge elevation far 

from shore would have gradually increased. 

The storm surge in Jiangsu coastal areas could be greater 

when the landing angle of typhoon landed in Jianggang is 

relatively small. With the increase of landing angle, the 

maximum storm surges in radial sand ridges would gradually 

decrease and those in the south of radial sand ridges in 

Jiangsu coastal areas will first increase and then decrease, 

and those in the north of radial sand ridges in Jiangsu coastal 

areas would remain unchanged and then decrease. 

ACKNOWLEDGMENT 

This study was supported by the National Nature Science 

Foundation Fund of China Project (51279055).WU Dean*: 

The corresponding author, email:wudeian@163.com  

REFERENCES 

[1] Z. H. Hua, J. Rong, and H. Wu, “3-d numerical simulation of storm 

surge in the Changjiang estuary and the Hangzhou bay,” Journal of 

East China Normal University(Natural Science), no. 4, pp. 9-19, July 

2007. 
[2] J. Shen, K. Zhang, and C. Xiao, “Improved prediction of storm surge 

inundation with a high-resolution unstructured grid model,” Journal of 

Coastal Research, vol. 22, no. 6, pp. 1309-1319, June 2006. 

[3] J. Shen, H. Wang, and M. Sisson, “Storm tide simulation in the 

Chesapeake Bay using an unstructured grid model,” Estuarine, Coastal 

and Shelf Science, vol. 68, no. 1, pp. 1-16, Jane 2006. 

[4] Z.-M. Jiang, R.-Y. Wang, and J.-C. Huang, “Nonlinear interaction 

between storm surges and astronomical tides,” Journal of Hohai 

University (Natural Science), vol. 32, no. 4, pp. 447-450, July 2004. 

[5] F.-J. Yu, Z.-H. Zhang, and Y.-H. Lin, “A numerical storm surge 

forecast model with Kalman filter,” Acta Oceanologica Sinica, vol. 24, 

no. 5, pp. 26-35, Sep. 2002. 

[6] Y. Zhang and A. M. Baptista, “SELFE: A semi-implicit 

Eulerian-Lagrangian finite-element model for cross-scale ocean 

circulation,” Ocean modelling, vol. 21, no. 3, pp. 71-96, Dec. 2007. 

[7] J. D. Loftis, “Development of a large-scale storm surge and 

high-resolution sub-grid inundation modelfor coastal flooding 

applications — A case study during 2012 hurricane sandy,” Ph.D. 

dissertation, College of William and Mary in Virginia, 2014. 

[8] L.-L. Yu, P.-D. Lu, and K.-F. Chen, “Research on storm surge during 

typhoon ‘Muifa’ in radial sand ridegs off Jiangsu coast,” The Ocean 

Engineering, vol. 31, no. 3, pp. 63-69, May 2013. 

[9] T. Fujita, “Pressure distribution within typhoon,” Geophysical 

Magazine, vol. 23, no. 4, pp. 437-451, Oct. 1952. 

[10] S.-L. Zhao, “Numerical study of storm surge in Jiangsu coastal areas,” 

M. S. thesis, College of Harbor, Coastal and Offshore Engineering, 

Hohai University, Nanjing, China, 2015. 

 

 

S. L. Zhao was born in Yantai, Shandong, China, on 

August 6, 1989. He got the M.E. in harbor, coastal and 

offshore engineering from Hohai University; the B.S. 

marine techniques from Hohai University; and the 

M.S.D in engineering from Hohai University, 

Nanjing, Jiangsu province of China, 2015. His major 

field of study is harbor, coastal and offshore 

engineering. 

He is active in social activities, being an outstanding leader. He had been 

the President of English Club, the Captain of College Basketball Team, the 

Recreation & Sports Secretary and the Member of Students Association 

Union. Publications are as follows: (1) Vertical Distribution of Suspended 

Sediment Concentration based on Parabolic Mixing Length of 

Sediment-laden Flow [A]. In the 7th Chinese-German Joint Symposium on 

Hydraulic and Ocean Engineering, Germany, 2014. (2) Nonlinear Dispersion 

Relation and Wave Transformation Model [J]. Journal of Waterway and 

Harbor, 2014, 35(3): (3)Vertical Distribution of Suspended Sediment 

Concentration in Estuary and Coast based on Log-linear Velocity 

Distribution[J]. Journal of Hohai University(Natural Sciences). He is now 

engaged in Civil & Environmental Engineering research for the Design 

Institute of Water Conservancy and Hydroelectric Power of Zhejiang. 

Mr. Zhao has excellent performances in his academic research. The parts 

of the awards are as follows: (1) The National Scholarship; (2) The First 

Prize (3) Scholarship (4); Excellent Academic Scholarship. 

 

 

D. A. Wu was born in Xuzhou, Jiangsu, China, on 

March 3, 1968. He got the Sc.D in physical 

geography, joint training doctoral of Nanjing Normal 

University and Ocean Research Institute of Chinese 

Academy of Science; the M.S.D in physical 

oceanography, Ocean University, Qingdao, China. 

His major field of study is harbor, coastal and 

offshore engineering. 

He made many research results. His publications are as follows: (1) 

Research on fine-grained suspended sediment motion of dumping mud in the 

Changjiang  deepwater navigation channel based on EFDC model [J]. 

Journal of Hydrodynamics, 2010, 22(6),760-772. (2) Numerical simulation 

of the transport and diffusion of dissolved pollutants in the Yangtze River 

estuary [J]. Chinese Journal of Oceanology and Limnology, 2010. (3) 

Research on evaluation system and key technology of the wetlands evolution 

and degeneration in large river mouth in china[M].Proceeding of the 

Chinese-Germany Joint Symposium on Hydraulic and Ocean 

Engineering ,August 24-30,2008,Darmstadt,Germany. 

He is now engaged in Coastal and Estuarine Dynamics and Numerical 

simulation on environmental research as a researcher of  Hohai University, 

Nanjing, Jiangsu Province in China. 

Dr. Wu has been engaged in the research of the following projects recently 

such as, (1) “Research on the Dynamic Characteristics of Edge Wave in the 

Waters by Theoretical Solution and Numerical Simulation” for the National 

Natural Sciences Foundation of China. (2) “Research on Evaluation System 

and Key Technology of the Wetlands Evolution and Degeneration in Large 

River Mouth in China” for the Specialized Fund of Public Welfare Special 

Scientific Research Project Funded by China Ministry of Water Resources. 

 

 

 

 

International Journal of Environmental Science and Development, Vol. 8, No. 8, August 2017

575


