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Abstract: Typhoon hazard assessment is the basis of loss estimation and disaster prevention and
mitigation. This study investigates the use of grid fixed point method to assess typhoon hazards.
We conduct experiments on the southeast coast of China based on site data. In this paper, we first
divided this study area into 0.25°x0.25° grids by using the grid fixed point method, and perform
wind field simulation using each grid center point as the study point based on typhoon tracks data
of the 1960-2019 years. Next, we perform 50 and 100-year wind speed estimation of the return period
by constructing the 60-year wind speed extreme value sequence of the grid center point and using
the extreme value distribution function. At last, we implemented the discussion regarding spatial
distribution characteristics of typhoon disasters. Our results show that the wind speed changes
greatly and shows a certain gradient change in the near coastal areas. Moreover, we can see that
wind speeds began to weaken rapidly near inland, reaching a plateau in inland. Furthermore, island
has a higher wind speed compared with other areas. We can conclude that the proposed methods
have a high potential for assessing typhoon hazards from station data.

Keywords: typhoon hazard assessment; wind field simulation; wind speed estimation; return pe-
riod

1. Introduction

The southeastern coast of China is one of the areas most severely affected by ty-
phoons [1]. As one of the main hazards of typhoons, typhoon gales not only cause huge
economic losses but also determine the magnitude of the risk of other secondary hazards
such as storm surges and waves. Therefore, analyzing typhoon hazards and predicting
the extreme wind speed of typhoons is essential for the design of wind-resistant structures
and typhoon disaster prevention and mitigation in coastal areas.

Typhoon hazard is usually quantified by the statistical distribution of typhoon inten-
sity and frequency and is presented in the form of return period wind speed maps. The
frequency of winds at a single station is generally analyzed using extreme value theory.
However, it needs to model historical or stochastic simulated typhoon wind fields based
on Monte Carlo methods for local areas where ground-based observations are limited. [2]
uses an empirical typhoon model to estimate typhoon wind speeds and calculate typhoon
wind speed extremes in the Gulf of Mexico. For larger areas, wind field simulations based
on full typhoon track models can compensate the lack of historical typhoon samples, but
the process is more cumbersome [3]. [4] uses this method to model the entire track of
typhoons to study the continuously changing typhoon climate on the United States coast.
[5] applies a simplified full-track model to analyze typhoon hazards in China. For long-
series historical observation data, reliable wind speed return period calculation results
can be obtained based on station data by making full use of historical sample information.
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However, the station data are limited and unevenly distributed. Therefore, this paper first
divides the southeast coastal area into a 0.25°x0.25° grid by grid fixed method and then
uses the center point of each grid as the study point for wind field simulation based on
the typhoon path data from 1960 to 2019.

2. Study area and data

We obtained typhoon data from the CMA Best Track Dataset of the Shanghai Ty-
phoon Research Institute of the China Meteorological Administration [6]. This data in-
cludes location and intensity information of typhoons at 6-hour intervals. More specifi-
cally, it contains the typhoon name, number, typhoon center location, center pressure, and
2 minutes means maximum wind speed close to the typhoon center. Considering the com-
pleteness of the data, all typhoons occurring in the northwest Pacific Ocean from 1960 to
2019 were selected for analysis.

We choose station observation data from 123 meteorological stations on the southeast
coast (Figure 1) from 1960 to 2019 and are obtained from the National Climatic Data Center
(NCDC), which includes hourly average wind speeds.
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Figure 1. Overview of the grid data (left) and station data (right).
3. Methods

3.1. Typhoon wind field simulation

Parametric typhoon wind field models are an important tool for typhoon hazard as-
sessment and are particularly suitable for the study of huge sample statistical probability
patterns of the regional typhoon. In general, a parametric wind field model consists of a
gradient wind model and a boundary layer model. Gradient winds can be modeled by
using observed typhoon parameters, e.g., location, intensity, size, direction, and speed of
movement, which are usually available or can be obtained from typhoon track datasets.
The boundary layer model contributes to improving the modeling of the spatial heteroge-
neity of wind speeds by taking into account the effects of local surface roughness and
converting gradient winds into surface winds at a height of 10m.

3.1.1. Gradient layer model

The gradient model is used as the first component of a wind field model to simulate
the distribution of typhoon wind speeds in the gradient layer without considering the
near-surface topography. In this paper, we use a gradient wind field model (referring to

[7]):
= ) - Q) - (-2 a>
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where V,, B, R, AP, f,r,p are gradient layer wind speed, radial wind profile shape fac-
tor, the radius of maximum wind speed, the difference between the outer pressure and
the minimum pressure at the center of the typhoon, Coriolis parameter, the radius of the
typhoon wind field, and the air density, respectively. Among them, the outer pressure is
not affected by the typhoon, and the default for the northwest Pacific is 1010hPa.

According to equation (1), it can be seen that the maximum wind speed radius R
and the radial wind profile shape factor B have an important influence on the wind speed
simulation. Due to the typhoon track data released by various weather station agencies
rarely containing records of R, there is a lack of upper-level mirror wind profile data for
typhoons in China, which leads to failing to obtain Holland B coefficient samples. There-
fore, these parameters are derived to establish the statistical relationships between them
and other indicators. In this paper, we use an equation, referring to [8], to fit the radius of
maximum wind speed and the Holland B coefficient:

In Rypqy = 3.85 — 7.7 X 1075 Ap? @)
where R4, is the radius of maximum wind speed, while coefficient B is obtained ac-
cording to:

B = 1.881 — 0.00557R 4 — 0.01295¢ 3)
where ¢ is the latitude of the typhoon center point.
3.1.2. Gradient layer model

Typhoon gales that cause disasters are usually referred to as boundary layer wind
speeds, namely near-surface wind speeds. Typhoons are influenced by topographic fea-
tures at boundary layer heights. Therefore, after obtaining the gradient layer wind speed,
it needs to be converted to the boundary layer wind speed. In this paper, we use the Ishi-
hara boundary layer model [9] to convert the mean wind speed at the gradient layer into
the mean wind speed at a height of 10 m from the surface. Moreover, we introduce an
"equivalent roughness length" that can take into account complex factors such as topog-
raphy. It can reflect the interrelationship between the typhoon wind field and the various
forces and can derive a complete analytical solution for the gradient winds by the follow-
ing equation:

v@ =1, (2)" @

a, = 0.27 + 0.09log z, + 0.018(log zy)? + 0.0016(log zy)? (5)
where U(z) is the wind speed at height z. z,, Vg, 2,4, and «, are the surface roughness,
the wind speed at the gradient layer, the height of the gradient layer, and the power law
index of the wind speed profile, respectively. z, and «, both rely on z,, therefore, sur-
face wind speed is greatly influenced by z,.

3.2. Typhoon extreme wind speed forecast

Generalized Extreme Value (GEV) theory is often used to quantify the relationship
between the intensity and frequency of extreme natural events [10]. The Gumbel distribu-
tion is usually chosen [11] to estimate wind speed, and its cumulative distribution func-
tion (CDF) can be described as:

F(x,§,0) = exp[—exp(x — §)/6] (©)
where § = X — y is the position parameter and 6 = ? is the scale parameter. y is the
Euler coefficient with a value of 0.577216. In this paper, X and S is the mean and stand-
ard deviation of the annual maximum typhoon wind speeds, which can be obtained from
the time series of the modeled historical footprint. The T year recurrence period of the
wind speed can be obtained using the following equation:

Vp =& —6In[-In(1—1/T)] @)
In addition to the expected wind speeds for a given return period, the uncertainty in
the estimates is important for understanding and applying typhoon hazards. In this study,
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the uncertainty is quantified using confidence tests. The magnitude of the error at the 95%
confidence interval of return period wind speed in T year can be expressed as:

Vue = Za2 J Var(€) + Var(9){In[-In(1 — 1/T)]}2 — 2{In[-In(1 — 1/T)]}Cov(£,0)  (8)

where Z,/, is the standard normal distribution of the upper a/2 quantile with an esti-
mated value of 1.96. The estimates for Var(f), Var(@) and Cov(f, 9) are 1.16786%/n,
1.16%/n, and 0.122962/n, respectively. The uncertainty in the typhoon hazard estimate
can be expressed as:

Vie = Vuge/Vr X 100% 9)
4. Results

4.1. Typhoon wind field simulation and hazard analysis

To further investigate the risk of typhoons in the southeast coastal areas and the dif-
ferences in the risk of different types of tracks, we simulate the typhoon wind field based
on the classification of the track. By doing so, we can obtain annual extreme value series
of typhoon wind speeds and thus estimate the 50- and 100-year return period wind speeds
of typhoons.

4.1.1. Validation of wind field simulation results

Based on the wind field model, it is possible to simulate the instantaneous wind field
at any given time and obtain the maximum wind speed during each typhoon track. We
use z,=0. 03m for standard B landforms (field, countryside, jungle, flat open land) and
Zy=0. 01m for A landforms (sea, coast, open water), referring to [12]. This paper simulates
the distribution of wind fields passing through the southeast coast over 60 years from 1960
to 2019. To verify the reliability of the model simulation results, we compared them with
the actual wind speed measured at the stations. Typhoon Kanu in 2005 (Typhoon 0515)
and Typhoon Maria in 2018 (Typhoon 1808) are selected for analysis and validation at the
Dachen and Fuzhou stations, respectively.
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Figure 2. Comparison of measured and simulated wind speeds at Dachen (typhoon Kanu) and Fu-
zhou (typhoon Maria) stations.

Figures 2 and 3 show the comparison results of measured and simulated wind speed.
The results imply that the overall trend of the simulated wind speed is consistent with the
measured wind speed. In addition, the difference between the simulated wind speed and
the measured wind speed is relatively small in terms of wind speed values, which indi-
cates that the used wind field parameter model can better reproduce the characteristics of
typhoons in the southeast coastal areas.

4.1.2. Return period estimation of the southeast coastal areas

We extracted the maximum wind speed of typhoons at the observation station based
on the results of the typhoon wind field simulations and thus constituting the extreme
wind speed series. Based on the historical time series of the simulated wind field and the
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adopted GEV method, the wind speeds and corresponding uncertainties can be estimated
for any return period. Finally, we estimated extreme wind speeds of typhoons on the
southeast coast based on station data and grid data, respectively.
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Figure 3. Cumulative probability density distribution at Dachen and Fuzhou stations.

In this paper, the historical typhoon event datasets from 1960-2019 are used as model
input data to simulate the typhoon wind field within the southeast coastal areas by using
a parametric wind field model, to estimate the typhoon hazard in the areas. To verify the
accuracy of the extreme wind speeds predicted by the proposed method, we predicted the
50- and 100-year return period wind speeds (see Table 1) of selected cities (see Table 2) in
the southeast coastal areas. Additionally, we further compared derived results with the
Load Code for the design of building structures GB 50009-2012 [12] (i.e., building code).

Table 1. 50-year and 100-year return period typhoon wind speeds of selected cities by using station-
based and grid-based methods on the southeast coastal areas of China.

50-year return wind speed (m/s)

100-year return wind speed (m/s)

“ity GB50009-2012  Station-based  Grid-based = GB50009-2012  Station-based Grid-based
Jinhua 23.74 25.00 24.79 25.38 27.61 29.24
Ningbo 28.29 26.63 26.97 30.99 29.44 29.92
Wenzhou 30.99 29.27 29.12 33.48 32.40 34.33
Xiangshan 44.1 27.94 33.80 48.48 31.07 37.36
Yuhuan 44.03 31.25 35.30 48.40 34.68 38.84
Fuzhou 33.61 30.25 33.32 37.03 33.27 36.36
Haikou 34.67 34.21 34.36 37.97 36.94 37.43
Sanya 36.89 31.72 32.46 41.00 34.95 35.63
Table 2. The latitude and longitude of the selected cities.
City Latitude Longitude

Jinhua 28°32'-29°41'N 119°14'-120°46'E

Ningbo 28°51'-30°33'N 120°55'-122°16'E

Wenzhou 27°03’-28°36'N 119°37'-121°18'E

Xiangshan 28°51'-29°39'N 121°34'-122°17'E

Yuhuan 28°01'-28°19'N 121°05'-121°32'E

Fuzhou 25°15-26°39'N 118°08'-120°31'E

Haikou 19°31"-20°04'N 110°07'-110°42'E
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Sanya

18°09'-18°37'N 108°56"-109°48'E

In comparison with the building code, the overall simulation results for the 50 and
100 years return period wind speeds are slightly lower. This difference is related to the
wind speed determination method of the building code. The wind speeds of the building
code were estimated using probability density functions of decades of observations from
meteorological stations. These observation data contain not only typhoon wind speed
data but also regular typhoon gale data, which leads to the differences in the wind speed
samples, and thus produce large differences between the design wind speeds of building
code and extreme wind speeds of typhoons.

Figures. 4 and 5 show contour maps of the extreme wind speed at 50 and 100 years
on the southeast coastal areas of China. We can see that the wind speeds in the coastal
areas vary considerably, with a certain gradient shape and a clear stratification phenom-
enon. The contour maps of extreme wind speed in both the station-based and grid-based,
the former have a higher overall extreme wind speed than the latter. Nonetheless, grid-
based results have a more pronounced overall trend for the weakening effect of land on
typhoon wind fields after landfall than station-based. This is because the grid data is more
evenly distributed and dense, and better able to reflect the immediate changes in the wind

field compared with station data.
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Figure 4. 10-minute average wind speed over a 50-year return period.

110° E 115° E 120° E 110° E 115° E 120° E

30°

P
;- p ‘” Legend «Z 2 Legend
« {ng’ o high: 42.31( " wom high : 44.59
S B ow ;12,39 B ow : 18.02
(a) Grid-based (b) Station-based

Figure 5. 10-minute average wind speed over a 100-year return period.
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Meanwhile, the overall distribution of typhoons shows that the coastal areas near the
coastline are more severely affected by typhoon wind fields. However, the extreme wind
speeds in the southern coastal areas of Fujian Province have significantly reduced com-
pared with northern and southern coastal areas, which attribute to the influence of the
central mountain range of Taiwan Island.

5. Conclusions

In this paper, we simulate the historical typhoon wind field by using the wind field
parameter model based on the landfall typhoon track data from 1960 to 2019 year on the
southeast coast of China. Moreover, we construct a 60-year extreme wind speed series
based on the wind field simulation results, and then use the extreme value distribution
function to estimate the 50-year and 100-year return period wind speed of the southeast
coast. Lastly, we analyze the typhoon hazard of each city on the southeast coast.

By comparing the results of extreme wind speed estimates on the southeast coast
based on grid data and station data, we can find that the simulated extreme wind speeds
based on grid data can clearly reflect the weakening effect of land on the typhoon wind
field. We also further clarify the produced reason for the differences. Clearly, for the con-
tour map of the extreme wind speed, we can see that the extreme wind speed of the south-
east coastal areas shows a certain gradient change. Moreover, there is a large change in
wind speed near the coast, and the wind speed starts to weaken rapidly near the inland
area and gradually reaches a plateau. More Clearly, our results show that the near-coast
areas of Hainan Province, Guangdong Province, Zhejiang Province, and Fujian Province
are most severely affected by strong typhoons.
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