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Simulation and Verification of Jiangsu Sea Area Wind
Field Model and Its Storm Surge

D.A.WuandS. L. Zhao

Abstract—The No0.1109 Typhoon wind field has been
achieved through calculation with the model of Fujita air
pressure and Miyazaki masae wind field based on the measured
data, and having compared its data with the actual measured
win speed from field station of Datang Power plant and
Sun-island in Jiangsu Coastal region and by this way verified its
precision of this kind of wind field model. Then the data
obtained from ECMWF and calculated from Miyazaki masae
wind model will be taken as the input wind field, so as to carry
out numerical simulation on the process of storm surge elevation
resulted from the No0.1109 passing typhoon; The comparative
analysis of storm surge has been made between the sea water
level calculated from the two sets of simulated input field and the
actual measured data from Xiangshui Station and Datang Power
plant, finally the effectiveness of simulated storm surge elevation
process by the wind field calculation model has been verified.
The results of this study are of engineering application value for
wind energy development and utilization in Jiangsu coastal
areas.

Index Terms—Fujita air pressure field, Miyazaki masae wind
field, Storm surge, Jiangsu coastal areas.

. INTRODUCTION

The numerical simulation of storm surge is carried out on
the basis of numerical simulation forecasting. The selection of
the pressure field and typhoon field is very important for the
accuracy and timeliness of the simulation results. The
accuracy of the storm surge numerical model prediction
mainly depends on the selection accuracy of the storm surge
model and the pressure field. At present typhoon pressure
field and wind field model also has many types [1]-[3], the
method of verifying whether the typhoon is accurate or not
can be compared indirectly by verifying the storm surge. The
pressure field and wind field are given by a parameterized
model, and the pressure field and wind field are calculated by
giving the appropriate parameters such as typhoon center
pressure, maximum wind speed radius, etc. [4]-[6].
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Il. MODEL OF TYPHOON WIND FIELD AND PRESSURE FIELD

A. Selection of Wind Field

Wind field is a key factor in the process of numerical
simulation of storm surge. During the process of storm surge
numerical simulation, it is necessary to give the wind stress
value of every grid cell in the calculation area. Miyazaki
masae wind field model [3] was chosen as the numerical
method of wind field calculation. Miyazaki masae wind field
model consists of two parts: one is the wind speed related to
the moving speed of the typhoon center, and the other is the
symmetrical gradient wind speed related to the typhoon
pressure gradient.

The calculation formula of wind speed component in X, y
direction can be expressed as follows:
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of the data in Typhoon Yearbook.
After the wind field is determined, the wind stress at any
point on the sea surface is:

(TOX ! TOy): paCWVsz +Wy2 (\Nx ’Wy) (3)

where C,, = 0.001(1+ 0.07,W? +Wy2 ) is the coefficient

of drag force on the surface; p, is air density; W, ,W, are the

wind speed in the x and y direction(the wind speed at the
height of 10m above water ).

B. Selection of Pressure Field Mode
Fujita air pressure field model has been selected as below

[7]:

P, =P, —aP/f+(r/r, ) )

in which: P_ is the air pressure of typhoon periphery, the
standard atmospheric pressure here is 1.01325 X 10° Pa;
AP =P, —P,, P,istheair pressure of the typhoon center,
I is the distance between any point in the region and the
typhoon center; I is the typhoon parameter.

Usually for a typhoon, I, varies with the movement and

pressure field of typhoon center.The selection of I has a

direct influence on the wind speed profile in the wind field
model, as well as the authenticity of the wind field. The
maximum wind speed radius plays an important role in the
wind field simulation process. Usually, the maximum wind
speed radius is calculated from the measured atmospheric
pressure near the center of the typhoon, or measure the
magnitude of the six gale as the maximum wind speed radius
from the weather map.

I1l.  CONSTRUCTION AND VERIFICATION

A. Introduction of Typhoon

In this paper, the tropical storm "Muifa" (No. 1109) has
been selected in 2011 to simulate typhoon wind field, and use
the above typhoon wind field model to construct the typhoon
wind field as a storm surge model. The simulation results have
been compared with the measured data and the response

process of water level and flow has been analyzed and studied.

“Muifa” generated at 14:00 on July 28 in the northwest
Pacific Ocean surface, then upgraded to super typhoon twice,
and weakened into a typhoon at 6:00 on August 6 .At 11
o'clock on the August 6, Zhoushan City, Zhejiang Province,
the center of the typhoon was located about 425 km southeast
of the East China Sea, the maximum wind near the center is
level 14. The part path of ‘Muifa’ is as shown in Fig. 1.

B. Construction of Typhoon Wind Field

The basic step of constructing wind field is to construct the
wind speed profile of typhoon at different times by using
typhoon center pressure and maximum wind speed radius.
The sea surface wind field at 10m was obtained by combining
with the position and moving speed of the typhoon center and
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constructing at different times of typhoon wind field. Here
comparing the calculated wind field with the downloaded
wind field in Fig. 2 and Fig. 3.

It can be seen that the wind field constructed by the typhoon
wind field model in this paper reflects the basic structure of
the typhoon.

120°E

124°€ 128°E

Fig. 1. The path of the typhoon ‘Muifa”.
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Fig. 2. ECMWF wind field (14:00, Aug. 7th ).
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Fig. 3. Wind field calculated with the model.

The wind speed measured at Datang power plant
(121.71382 ° E, 32.0359309 °N) and Sun Island Station
(121.36222 °E, 32.5503930 “N) on 6th to 9th August 2011 is
compared with the wind speed calculated by wind field model
in this paper. It can be seen in Fig. 4 and Fig. 5 that the wind
field model has good accuracy.

C. Verification and Analysis of Storm Surge

The storm surge model [8] has been established by using
the SELFE model [9]. The constructed typhoon wind field is
taken as a surface forcing input model, and the storm surge
model is driven together with open boundary astronomical
tidal forces to simulate the typhoon-induced storm surge
process. The calculating time is from 0:00 on July 15th, 2011
to 23:00 on August 31st, 2011. The time of forced wind is
from 0:00 on August 1, 2011 to 0:00 on August 9, 2011, the
forced time interval is one hour, and the calculated results of
sea water level and flow velocity has been output per one
hour.

In order to further verify the storm surge elevation result
calculated with the SELFE model under the forcing of the
model wind field, here to compare the storm tide simulated by
the wind field based on the observations of the water level in
the two stations of Xiangshui Station and Datang Wind Power
plant from 0:00 on August 6, 2011 to 0:00 on August 9, 2011,
and the wind field calculated from the wind farm model in this
paper and the wind field downloaded from ECMWF. The
time interval of measuring the water level is one hour, and the
comparison result is shown in Fig. 6 and Fig. 7.
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Fig. 4. Wind speed process line in Datang Power plant.
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Fig. 5. Wind speed process line in Sun Island power plant.
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Fig. 7. Tidal process line in Datang Wind Power Plant.
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Fig. 8. The astronomical tide water level at 12:00.
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Fig. 9. The storm surge water level at 12:00.
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Fig. 10. The astronomical tide water level at 18:00.
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Fig. 11. The storm surge water level at 18:00.

It can be seen that the sea water level simulated by these
two sets of wind field data can accurately reflect the actual
measured water level during the storm surge. It also can be
seen that during the typhoon transit, the water level in the
station fluctuates up and down, and the period coincides with
the astronomical tidal cycle. The typhoon does not affect the
original astronomical tidal circle of the water level shock, but
affects the amplitude.

Fig. 8 shows the water level distribution at the neap tide
stand (12:00 on August 7st, 2011) of the radial sand ridge in
Jiangsu Coast, which was simulated by the SELFE mode only
with the astronomical tide boundary input. Fig. 9 shows the
storm surge water level distribution at the same time, which
was simulated by the above mentioned storm surge model
with the model of Fujita air pressure and Miyazaki masae
wind field input. In the same way, Fig. 10 shows the water
level distribution at the neap tide stand (18:00 on August 7st,
2011) of the radial sand ridge in Jiangsu Coast, which was
simulated by the SELFE mode only with the astronomical tide
boundary input. Fig. 11 shows the storm surge water level
distribution at the same time, which was simulated by the
above mentioned storm surge model with the model of Fujita
air pressure and Miyazaki masae wind field input.

Therefore we can conclude that, at the neap tide stand of
radial sand ridge in Jiangsu Coast, both the astronomical tide
water level and the storm surge water level in most areas is
almost the same. There was significant storm surge elevation
in the Haizhou bay waters. The storm surge water level was
apparently higher than the astronomical tide water level. The
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storm surge water was more obvious there, which was In
accordance with the above results shown in Fig. 6 and Fig. 7.

Fig. 12, 13, and 14 show separately the current velocity
field of the astronomical tide, the current velocity field of the
storm surge velocity, and the wind driven current field of the
East China Sea at the flood tide torrent moment during the
neap tide in radial sand ridges of Jiangsu Province ( at 16:00
on August 7, 2011).
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Fig. 12. The astronomical tide current velocity field
(at 16:00 on August 7, 2011).
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Fig. 13. The Storm surge current velocity field
(at 16:00 on August 7, 2011).
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Fig. 14. The wind driven current velocity field
(at 16:00 on August 7, 2011).

Fig. 15, 16, and 17 show separately the astronomical tide
current velocity field, storm surge current velocity field, and
wind driven current field of the East China Sea at the ebb tide
torrent moment (at 22:00 on August 7, 2011) during the neap
tide in radial sand ridge of Jiangsu Province.
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Fig. 15. The astronomical tide current velocity field

(at 22:00 on August 7, 2011).
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It can been seen that the current field of the whole East
China Sea simulated by the model are in good agreement with
the measured current field. The storm surge current velocity
during the flood tide in radial sand ridges of Jiangsu Province
gather together towards Jianggang, and it diverges during the

ebb tide, also the typhoon does not change the divergence of
the tidal current in radial sand ridges. The typhoon “Muifa”
moved and developed roughly along the 124 <E line from the
south to the north in the Yellow Sea area. The strong
southward wind driven current appeared in the west side of
the typhoon center migration path and the weak northward
wind driven current appeared in the east side of the typhoon
path. Among them, the wind driven current at the flood tide
torrent moment was stronger than those at the ebb tide torrent
moment, and the noticeably convergent of the wind driven
current velocity appeared at the flood tide torrent moment.
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Fig. 16. The Storm surge current velocity field
(at 22:00 on August 7, 2011).
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Fig. 17. The wind driven current velocity field
(at 22:00 on August 7, 2011).
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IV. CONCLUSION

Based on the SELFE model, the numerical model of the
astronomical tide in the East China Sea has been established
and verified. Based on this, the wind field calculated from
the Fujita field model and the Miyazaki masae wind field
model and the numerical model of the mid-range numerical
weather forecasting center, the numerical simulation and

verification of the storm surge of typhoon 1109 is carried out.

Through comparison and analysis, we have confirmed the
calculation model of typhoon wind field in Jiangsu coastal.
This study is of engineering guidance value to the
development and utilization of coastal wind energy in
Jiangsu Province.
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