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Abstract

To determine the grid resolutions of the WRF model in the typhoon simulation, some sensitivity analysis of
horizontal and vertical resolutions in different conditions has been carried out. Different horizontal resolutions (5,
10, 20, 30 km), nesting grids (15 and 5 km), different vertical resolutions (35-layers, 28-layers, 20-layers) and
different top maximum pressures (1 000, 2 000, 3 500, 5 000 Pa) had been used in the mesoscale numerical model
WREF to simulate the Typhoon Kai-tak. The simulation results of typhoon track, wind speed and sea level pressure
at different horizontal and vertical resolutions have been compared and analyzed. The horizontal and vertical
resolutions of the model have limited effect on the simulation effect of the typhoon track. Different horizontal and
vertical resolutions have obvious effects on typhoon strength (defined by wind speed) and intensity (defined by
sea level pressure, SLP), especially for sea level pressure. The typhoon intensity simulated by the high-resolution
model is closer to the real situation and the nesting grids can improve computational accuracy and efficiency. The
simulation results affected by vertical resolution using 35-layers is better than the simulation results using 20-
layers and 28-layers simulations. Through comparison and analysis, the horizontal and vertical resolutions of
WRF model are finally determined as follows: the two-way nesting grid of 15 and 5 km is comprehensively
determined, and the vertical layers is 35-layers, the top maximum pressure is 2 000 Pa.
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1 Introduction

Typhoon is a devastating natural disaster that has long been a
focus of attention in the field of atmospheric and oceanic re-
search (Sun et al., 2017; Weng and Hsu, 2017; Wu et al., 2018,
2019a, b, c). With the rapid development of computers, typhoon
numerical simulation is increasingly developed (Wang and
Wang, 2014), and the model resolution is getting higher and
higher (Hendricks et al., 2016; Jun et al., 2017). However, the in-
tegral calculation of the numerical model often cannot accur-
ately describe the atmospheric motion close to the grid or the
sub-grid scales. Usually, the various physical processes of these
sub-grid scales (such as radiation, cumulus convection, bound-
ary layer, etc.) need a parameterization scheme to describe
(Hendricks et al., 2016; Weng and Hsu, 2017; Li et al., 2018). At
the same time, the track and intensity changes of the typhoon are
the results of the interaction of multi-scale meteorological sys-
tems, such as the interaction between the occurrence and devel-
opment of the sub-grid process and the large-scale background
environment (Hendricks et al., 2016; Jun et al., 2017; Guo and

Zhong, 2017). Therefore, using different grid resolutions in
typhoon numerical simulations may produce different simula-
tion results.

In the past three decades, scholars have done a lot of re-
search on the effects of different horizontal resolutions on the
simulation effects of meteorological systems. The squall line sim-
ulation at different horizontal resolutions (1 km to 12 km) was
carried out by Weisman (Weisman et al., 1997). The simulation
results show that there are significant differences in the meso-
scale circulation and convective structure of the squall line at dif-
ferent horizontal resolutions, and it is pointed out that because
the coarse grid cannot describe the non-hydrostatic process.

Different horizontal resolutions were performed to analyze
the simulation effects of the storm process occurring in the basin
(Knutson et al., 2010; Bacmeister et al., 2018; Gettelman et al.,
2018). The results show that different horizontal resolutions have
a great influence on the simulation effect of precipitation. In-
creasing the horizontal resolution of the model can improve the
forecasting results. However, the higher resolution model simu-
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lates a stronger precipitation intensity, and different resolutions
have little effect on the simulation effect of the circulation situ-
ation.

Davis et al. (2008) used the WRF model to simulate a hur-
ricane and found that when the horizontal resolution increased
from 4 to 1.3 km, the minimum sea level pressure changed by
20 hPa and the maximum wind speed increased by 13 m/s.
Gentry and Lackmann (2010) used the WRF model to study the
sensitivity of typhoon to horizontal grid spacing (1 to 8 km). It
shows that after the resolution is increased, the central minim-
um pressure is significantly reduced. The above studies show
that in typhoon simulation, horizontal resolution is the main
reason for this difference compared to other factors (Fierro et al.,
2009; Gall et al., 2011; Manganello et al., 2012; Walsh et al., 2013;
Done et al., 2015). In order to reveal the difference in grid resolu-
tion on typhoon track and intensity, the sensitivity experiments
with different horizontal resolutions, vertical resolutions and top
pressure have been discussed in this study. The dynamics and
microphysical structural characteristics of the typhoon largely
determine the strength and precipitation intensity of the typhoon
center (Wang and Wu, 2004; Rogers et al., 2006; Wang et al.,
2012). Therefore, the solution of this problem helps to better sim-
ulate typhoon intensity, precipitation and microstructure charac-
teristics, and provides a theoretical basis for improving the in-
tensity prediction of typhoons.

2 Method and data

2.1 Method

The weather research and forecasting (WRF) model is the
latest generation of mesoscale meteorological models jointly de-
veloped by the National Center for Atmospheric Research
(NCAR) and the National Center for Environmental Prediction
(NCEP, Skamarock and Klemp, 2008). The WRF model can be
used to simulate global and regional climate change, atmospher-
ic motion and air quality at different scales can also be used for
typhoon, hurricane simulation and coupled simulation of air-sea,
which is widely used and has surpassed the MM5 model and be-
come the most popular mesoscale atmospheric model. Cur-
rently, the WRF model includes two different dynamic frame-
works, ARW (the advanced research WRF) and NMM (the non-
hydrostatic mesoscale model), which are maintained and de-
veloped by the NCAR and NCEP respectively. This study is based
on the ARW framework in the WRF model to carry out typhoon
simulation.

This model adopts a fully compressible non-hydrostatic mod-
el with Arakawa C grid in the horizontal direction and terrain-fol-
lowing quality coordinates in the vertical direction (Laprise,
1992).

The vertical coordinate of the WRF is defined as

n=(Pn— Pur) / 115 1)

where (1 = pps — pue, pj, is the static equilibrium component of
the pressure, p,,; and p,, is the pressures at the bottom boundary
(ground) and top boundary of the model, respectively.

The static vertical coordinate of terrain-following has been
shown in Fig. 1. The value range 7 is between 0 to 1, and 5 in the
bottom boundary is #=1, and the top boundary is #=0. This co-
ordinate form is a traditional coordinate and is widely used in
many static meteorological models.

The vertical direction uses the vertical-following static pres-

P,,is constant
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R

Fig. 1. Schematic diagram of terrain following vertical coordin-
ates in WRF model.

sure vertical coordinate, and the Euler equations in the form of
non-hydrostatic flux are as following:

QU+ (V- Vi) = 9 (payp) + 3, (p3yp) = Fu, 2
aV+ (V- V) — 3y (payp) + 3y (pdyyp) = Fv, 3)
W+ (V-V,) —g@p—p) =Fuw, “4)
30+ (V- V) = Fo, (%)

dp+ (V- V) =0, (©)

dp+p (V- V,) —gW] =o0. (7

The equations need to satisfy the diagnostic relations of static
equilibrium (Eq. (8)) and the gas state Eq. (9):

87]99 = —Qau, (8)

p=po(Rab/poc)” ®

where V= pv = u (u,v,w), u(x,y) represents the mass per unit
area of the air column at the model grid point (x, y), © = pb, 0 is
the potential temperature, ¢ = gz is the potential, and p is the at-
mospheric pressure, p, is taken as the constant 1 000 hPa, and
a = 1/p is the specific volume of air. y is the ratio of the constant
pressure specific heat and constant specific heat in dry air, which
take y=c,/c,= 1.4. In Eq. (2) to Eq. (5), the F, F,, F,and F in
the right of the equation represent the source terms of forces gen-
erated by model physics, turbulent blending, spherical projec-
tion, and earth selection, respectively.

2.2 Data

Typhoon Kai-tak was the 13th typhoon in 2012 and formed a
tropical depression on the eastern ocean of the Philippines on
the evening of August 12, 2012. At about 08:00 on August 13, it
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reached the southeastern ocean off the Taiwan Island (16.9°N,
127.8°E) and was continuously strengthened. The maximum
wind speed in the center reached 18 m/s or above, and the low-

Thailand

{_Afigust 16, 2012

est pressure was 998 hPa, and moved to the northwest with a
speed around 10 km/h and gradually approached the southern
ocean of Taiwan. The typhoon satellite image is shown in Fig. 2.
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Fig. 2. Typhoon Kai-tak (2012). a. Satellite image and b. sea level pressure and wind speed.

At 05:00 on August 16, 2012, it was strengthened as a typhoon
level over the north of the South China Sea. At the time of 06:00,
the center of the typhoon was in the south of Zhanjiang, Guang-
dong Province (18.7°N, 118.2°E). The maximum wind speed near
the center was more than 33 m/s, and the minimum pressure in
the center is 975 hPa. It landed on Zhanjiang in Guangdong
Province around 12:30 on August 17. At the time of landing, the
maximum wind speed near the center was 38 m/s, and the min-
imum pressure in the center was 968 hPa. At 21:30 on August 17,
itlanded again on the China-Vietnam coast and began to weak-
en and gradually dissipated on the August 18. The Typhoon Kai-
tak caused heavy rainfall in most parts of southern China and
caused floods and other disasters, leading to serious losses in the
affected areas.

The WRF model was used to simulate Typhoon Kai-tak, and
the development and movement process of Kai-tak over the
South China Sea region has been simulated (2012-08-15 00 UTC
to 2012-08-18 06:00 UTC). The computational domain is the
South China Sea and the East China Sea region (0°-32°N, 102°-
130°E), as shown in Fig. 3.
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Fig. 3. The computational domain in this study.

The shoreline data comes from the global self-consistent,
hierarchical, high-resolution shorelines (GSHHS) provided by
the National Geophysical Data Center (NGDC, Wessel and Smith,
1996). The dataset provides 1:250 000 worldwide coastline data.

The depth data used in this model comes from the 1-minute grid-
ded global relief data collection (ETOPO1) provided by the NG-
DC. The dataset has a grid resolution of 1 minute. The coverage
range is between 90°S-90°N and 180°W-180°E. The initial field
and side boundary conditions of the WRF model are taken from
the NCEP/NCAR reanalysis FNL data. The reanalysis FNL data
provided by the NCEP/NCAR uses the GRIB format and contains
26 non-uniformly distributed pressure data from 1 000 hPa to 10
hPa. The time series of the FNL data has been updated since Au-
gust in 1999. The data time interval is 6 hours, which means that
the daily data includes 00:00, 06:00, 12:00 and 18:00 in one day.
The spatial resolution of the data is 1.0°x1.0°. The physical and
parameterization schemes for Typhoon Kai-tak in the WRF has
been shown in Table 1.

The case study of Kai-tak (1213) used the single-moment 6-
class microphysics (WSM6) scheme for micro-physical processes
(Hong and Lim, 2006). The Kain-Fritsch (KF-Eta, (Kain, 2004))
scheme for cumulus convection, the Yonsei University (YSU;
Hong et al. (2006)) scheme for PBL processes, rapid radiation
transfer model (RRTM) for long wave radiation (Mlawer et al.,
1997) and Dudhia (1989) scheme for shortwave parameters.

2.3 Evaluation method

In order to more comprehensively evaluate the influence of
different schemes on the simulation effect of typhoon track and
intensity, the root mean square error (RMSE) and Pearson correl-
ation coefficient (R) have been selected to be the evaluation para-
meters for the typhoon track and intensity is analyzed in this
study.

The formula of the RMSE and R are as follows:

(10)

’ )
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Table 1. The overview of model configuration

Item

Configuration

Model
Simulation time

WRF V3.9.1

Micro-physics scheme
Planetary boundary scheme
Land surface parameterization
Long wave radiation scheme
Short wave radiation scheme Dudhia scheme
Cumulus convective scheme
Horizontal resolution
Vertical resolution

Top pressure

78 h (2012-08-15 00:00 UTC to 2012-08-18 06:00 UTC)

the WREF Single-Moment 6-Class Microphysics (WSM6) scheme
Yonsei University (YSU) scheme

Noah land surface scheme

rapid Radiative Transfer Model (RRTM) scheme

Kain-Fritsch (K-F) scheme

Exp. 1: 5 km; Exp. 2: 10 km; Exp. 3: 20 km; Exp. 4: 30 km; Exp. 5: 5 km+15 km (nesting)
Exp. 1: 35; Exp. 2: 28; Exp. 3: 20

Exp. 1: 1 000 Pa; Exp. 2: 2 000 Pa; Exp. 3: 3 500 Pa; Exp. 4: 5 000 Pa

where 7 is the number of the simulation results, x; is the simula-
tion result, X; is the average of the simulation results, y; is the ob-
servation result, and y; is the average of the observations.

3 Results and discussion
3.1 The effect of horizontal resolution

3.1.1 Horizontal resolution without nesting

According to previous research results, horizontal resolution
is one of the main impact factors affecting the track and intensity
of typhoon simulation. With the development of computer tech-
nology, the horizontal resolution of the mesoscale meteorologic-
al model has developed from 100 km to 10 km to 1 km today.
During the period of development, the simulation results have
been continuously improved. The effect of horizontal resolution
on the simulated typhoon track and intensity based on the WRF
model has been discussed in this section.

It can be seen from Fig. 4 to Fig. 6 that the improvement of
horizontal resolution can improve the accuracy of typhoon simu-
lation. In terms of typhoon track, the effect of horizontal resolu-
tion is relatively limited, but in wind speed simulation, the high-
er the horizontal resolution, the more obvious the improvement
of the simulation accuracy of the wind speed.

It is well known that the atmospheric movement under the
influence of typhoons is essentially the result of the combined ef-
fects of different physical quantities at multiple time and space
scales. In the mesoscale meteorological model, the improvement
of horizontal resolution will inevitably have stronger and better
fitting ability and effect on the simulation of these physical pro-
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Fig. 4. Comparison of Typhoon Kai-tak track simulation under
different horizontal resolution conditions. dx is the horizontal
resolution.
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Fig. 5. Comparison of Typhoon Kai-tak strength under different
horizontal resolution conditions (start at 2012-08-15 00:00 UTC).
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Fig. 6. Comparison of Typhoon Kai-tak intensity under different
horizontal resolution conditions (start at 2012-08-15 00:00 UTC).

cesses. Therefore, improving the horizontal resolution of the
mesoscale meteorological model is more accurate for the simula-
tion of atmospheric dynamic processes and climate systems in
the corresponding space-time scales. At the same time, the in-
crease in horizontal resolution will inevitably lead to an increase
in the amount of calculation, which will increase the calculation
time and reduce the calculation efficiency. Therefore, it is neces-
sary to make a reasonable balance between calculation accuracy
and calculation efficiency.

3.1.2 Horizontal resolution with nesting

In the previous study, we found that the accuracy of the hori-
zontal resolution can be improved to obtain more accurate simu-
lation results, but at the same time, the increase in resolution
leads to a large increase in the amount of numerical calculation,
the calculation time increases and the calculation efficiency de-
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creases. Therefore, how to balance the calculation accuracy and
calculation efficiency is an important issue to be considered in
the numerical simulation based on the WRF model. Grid nesting
technology is an effective way to solve this problem. A coarser-
resolution grid is used to calculate in a large-scale calculation
area, and a higher-resolution grid is used in the calculation area
of the main concern. Through this nested grid method, it can ob-
tain high calculation accuracy in the key area of interest and en-
sure reasonable calculation efficiency in the whole computation-
al domain.

(1) Nesting technique in WRF

In the WRF model, horizontal grids of multiple regions can be
used for nesting. The horizontal grid nesting method can be di-
vided into one-way simulation and two-way simulation. As
shown in Fig. 7, the integral calculation of the higher-resolution
grid does not affect the coarser-resolution grid when one-way
nesting, that is, only the data of the coarser-resolution grid is
transferred to the higher-resolution grid, and the calculation res-
ult of the higher-resolution grid is not transmitted back to the
coarser-resolution grid. When using two-way nesting, mutual
data feedback is needed between the coarser-resolution grid and
the higher-resolution grid. The two-way nesting for numerical
calculation has been used in this study.

1-way ARW simulation

two consecutive concurrent ARW concurrent ARW

2-way ARW simulation

ARW simulations
(using ndown)

(1) run coarse gird
(CG) simulation

simulation with two
domains

(1) both CG and FG
simulations run within|
the same WRF

simulation with two
domains

1) both CG and FG
simulations run within
the same WRF

2) process CG for (2) FG LBC from CG 2) FG LBC from CG
initial condition (IC) | [at each coarse time At each coarse time
for fine grid(FG) step step

(3) process CG for (3) CG integrates one 3) CG integrates one
lateral boundary time step, then the time step, then the
condition (LBC)for FG integrates up to FG integrates up to
FG the same time the same time

(4) run FG simulation 4) feedback FG to CG

Fig. 7. Schematic diagram of one-way nesting and two-way nest-
ing in the WRF model.

In general, the nesting of multiple grids includes the follow-
ing types as shown in Fig. 8: Fig. 8a is a strict layer-layer nesting
grid, that is, each child grid is included in the parent grid; Fig. 8b
indicates that under a certain level of the parent grid, two or
more juxtaposed child grids may be included, but the child grids
are independent of each other; Fig. 8c indicates that there are two
or more juxtaposed child grids under a certain parent grid, but
there is an overlapping zone between the child grids; Fig. 8d in-
dicates that the parent grid contains two or more juxtaposed
child grids, and the juxtaposed child grids contain internal grids.
In the WRF model, the two nesting grids shown in Figs 8c and d
are not allowed. In this study, the first type of grid nesting is used,
that is, a strict layer-layer nesting grid has been used in this paper.

(2) Application of two-way nesting grid

In this paper, two sets of two-way nesting grids and non-nest-
ing grids are set up, as shown in Table 1. The computational do-
main and grid nesting range of the two-way nesting grid are
shown in Fig. 9. From the aspects of simulation accuracy and

1 J 1 J
2
3 ‘2 ‘3
a b
1 x 1 x
2
‘ 3| 2 4] 3
c d

Fig. 8. Schematic diagram of different types of multi-grid nest-
ing.
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Fig. 9. Schematic diagram of the computational domain of
Typhoon Kai-tak based on nesting grid.

simulation efficiency, according to the analysis of the simulation
results of typhoon track and intensity, the nesting calculation
method of horizontal resolution using 15 km and 5 km grid resol-
ution for data translating is determined, as shown in Fig. 9. The
space step of the child grid is 1/3 of the parent grid space step,
which are 5 km and 15 km, respectively. The child grid time step
is 3 times the parent grid time step.

The simulation results of typhoon track, strength and intens-
ity under different nesting conditions have been shown in Fig. 10
to Fig. 12. As shown in the figures, the use of nesting grids im-
proves the accuracy of typhoon simulation. In terms of typhoon
track, the effect of horizontal resolution is relatively limited, but
in the simulation of wind speed and air pressure, the calculated
results based on the nesting grids are close to those calculated
using the 5 km grid resolution. It can be seen that the use of nest-
ing grids can improve computational accuracy to a large extent
while saving computation time.

3.2 The effect of vertical resolution

3.2.1 Effect of vertical layers

The effect of horizontal grid resolution on the simulation res-
ults is discussed in Section 3.1. Corresponding to the horizontal
grid resolution, the vertical layers (e_vert-1) in the WRF model
also affects the simulation results. This section discusses and
analyzes the effects of different vertical layers in typhoon simula-
tion. Similar to the horizontal resolution, the increase in the
number of vertical layers will lead to an increase in the calcula-
tion of the WRF model. Therefore, in the simulation process of



Wu Zhiyuan et al. Acta Oceanol. Sin., 2019, Vol. 38, No. 7, P. 74-83 79

100° 105° 110° 115° 120° 125°  130°E
Y A N S E S R A
N ] L
:
20° SO S
] u : L
] , TR s
1 S : 0 1400 0t
1546 observation-'-;---~~--—1X~--—-~--X -;—~$—-L300-—
i f RO ! [
] . L
10° r

Fig. 10. Comparison of Typhoon Kai-tak track simulation under
different nesting resolution conditions.
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Fig. 11. Comparison of Typhoon Kai-tak strength under differ-
ent nesting resolution conditions (start at 2012-08-15 00:00
UTC).
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Fig. 12. Comparison of Typhoon Kai-tak intensity under differ-
ent nesting resolution conditions (start at 2012-08-15 00:00
UTC).

the typhoon track, strength and intensity, the appropriate num-
ber of vertical layers is selected to ensure the simulation accur-
acy of the model.

Under the same conditions, the typhoon Kai-tak simulation
conditions in the experiments of vertical layer number of 20-lay-
ers, 28-layers and 35-layers are set respectively. The simulation
results of typhoon track, strength and intensity under different
conditions are obtained by calculation, and the simulation res-
ults in three experiments are compared with the observed data of
the station. The observation station is shown in Fig. 2, and the
comparison results are shown in Fig. 13 to Fig. 15.

It can be seen from Fig. 13 to Fig. 15 that the change of the
number of vertical layers has an influence on the track, strength
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Fig. 13. Comparison of Typhoon Kai-tak track simulation under
different vertical layers.
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Fig. 14. Comparison of Typhoon Kai-tak strength under differ-
ent vertical layers (start at 2012-08-15 00:00 UTC).
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Fig. 15. Comparison of Typhoon Kai-tak intensity under differ-
ent vertical layers (start at 2012-08-15 00:00 UTC).

and intensity simulation of the Typhoon Kai-tak. In the wind
speed simulation of the Typhoon Kai-tak, during the period
when the typhoon wind speed is large, the wind speed extreme
value obtained by the simulation of the 20-layers and 28-layers
has a significant deviation from the observed value; and the sim-
ulated wind speed extreme value agrees well with the measured
results when using 35-layers in the WRF model.

In the simulation of the lowest SLP (sea level pressure) in the
center, the simulation results under the three conditions are
smaller than the observed results, that is, the intensity simula-
tion is stronger than the observation. The simulation and obser-
vation are relatively close when the vertical layer is 35-layers. In
the track simulation of Typhoon Kai-tak, when the number of
layers is 35-layers and 28-layers, both show good simulation res-
ults. In general, when simulating the Typhoon Kai-tak, the vertic-
al resolution using 35-layer simulation results is better than the
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simulation results using 20-layer and 28-layer simulations.
Therefore, in the simulation of the Typhoon Kai-tak in this paper,
the recommended number of layers is 35-layers.

Through the above analysis, it can be found that when the
Typhoon Kai-tak is numerically simulated by the WRF model, the
larger the number of the vertical layers is, the higher the simula-
tion accuracy is. However, some scholars found that the vertical
resolution in the WRF model, the vertical resolution should be
based on background data and wind conditions to select the ap-
propriate number of vertical layers, rather than the vertical layer
as much as possible. Therefore, it can be thought that the more
the vertical layers in the WRF model, the higher the simulation
accuracy, when it is suitable for the corresponding background
field and driving conditions.

3.2.2 Effect of top pressure

Since in the mesoscale atmospheric model WREF, the isostatic
line is layered by the ¢ coordinate in the vertical direction, when
the number of vertical layers is constant, if the top maximum
pressure is larger, at this time, the calculation accuracy on the
vertical resolution is correspondingly smaller, so the top maxim-
um pressure (p_top) has an important influence on the simula-
tion results. Therefore, the top maximum pressure is also one of
the factors that affect the vertical resolution using the WRF model.

In order to further carry out the vertical resolution sensitivity
analysis in the Typhoon Kai-tak simulation process, in the exper-
iment of the same selection of other parameters, the top maxim-
um pressure is calculated as 1 000 Pa, 2 000 Pa, 3 500 Pa and 5 000
Pa, respectively. The situation and simulation conditions are
shown in Table 1. Through the calculation, the simulation res-
ults obtained under the four conditions are compared with the
observed data. The observation station is shown in Fig. 2. The
comparison between the typhoon track, the wind speed and the
central minimum pressure is shown in Fig. 16 to Fig. 18.

It can be seen from Fig. 16 to Fig. 18 that for the Typhoon Kai-
tak, the different conditions of the top maximum pressure have
an influence on the track, strength and intensity of the Typhoon
Kai-tak. In the simulation period with large wind speed, the wind
speed when the top maximum pressure is taken as 5 000 Pa is sig-
nificantly smaller than the simulation result when the top max-
imum pressure is taken as 2 000 Pa and 3 500 Pa. When the top
maximum pressure is 1 000 Pa, the calculated wind speed is
slightly larger than the observed value, while the calculation res-
ults at the top maximum pressure of 2 000 Pa and 3 500 Pa are
close, and the matching with the observed values is better. In the
large wind speed period, the wind speed value when the top
maximum pressure is 2 000 Pa is more accurate than the wind
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Fig. 16. Comparison of Typhoon Kai-tak track simulation under
different top maximum pressure.
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Fig. 17. Comparison of Typhoon Kai-tak strength under differ-
ent top maximum pressure (start at 2012-08-15 00:00 UTC).
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Fig. 18. Comparison of Typhoon Kai-tak intensity under differ-
ent top maximum pressure (start at 2012-08-15 00:00 UTC).

speed value when the top maximum pressure is 3 500 Pa. Consid-
ering that during the simulation of the Typhoon Kai-tak, the wind
speed when the top maximum pressure is 2 000 Pa is in good
agreement with the observed results. Therefore, in the following
simulation of Typhoon Kai-tak, the top maximum pressure is re-
commended to be 2 000 Pa.

3.3 Results of typhoon field

From the previous analysis, it is known that there are many
influencing factors affecting the typhoon track, strength and in-
tensity. The sensitivity of the above parameters is explored by
systematically analyzing the influence of horizontal resolution
and vertical resolution on the typhoon simulation accuracy us-
ing the atmospheric model WRF. From the aspects of simulation
accuracy and simulation efficiency, and from the simulation res-
ults of typhoon track, strength and intensity, the nesting grid
method of horizontal resolution using two-way nesting grid of
15 km and 5 km is comprehensively determined, and the vertical
layers are 35-layers, the top maximum pressure is 2 000 Pa. Us-
ing the above simulation scheme, the wind field distribution and
pressure field distribution results under the influence of the
Typhoon Kai-tak are obtained, as shown in Figs 19 and 20, re-
spectively.

From the numerical results, it can be seen that from
2012-08-15 12:00 to 2012-08-17 06:00 UTC, the Typhoon Kai-tak
gradually strengthened and gradually approached the coastal
ocean of Guangdong. During this period, the coastal areas of
Guangdong were dominated by north wind and northeast wind,
and a strong wind zone is formed near the west of the Pearl River
Estuary. With the further strengthening of the Typhoon Kai-tak
and the movement to the northwest, the offshore zone near the



30°

25°

20°

100 |

50

0°

30°

30° -

30°

250 -

20°

10°

50

0°

Wu Zhiyuan et al. Acta Oceanol. Sin., 2019, Vol. 38, No. 7, P. 74-83 81

100° 105° 110° 115° 120° 125° 130°E 100° 105° 110° 115° 120° 125° 130°E 100° 105° 110° 115° 120° 125° 130°E

> o S el B

2012-08-15 12:00 UTC %20 /4
SRR

L ”

1

T

-
rer

e
o ‘,ﬁ‘ﬁ“

e
s

2
="y

i

d. 2012:08-16 12:00 UTC

N

Fig. 19. The wind field of Typhoon Kai-tak based on the WRF model.
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Fig. 20. The pressure field of Typhoon Kai-tak based on the WRF model.

east of Shantou has been controlled by the maximum wind speed  the actual situation, which is also the reason why the simulated
zone near the typhoon center, and the wind field is very strong. It  typhoon moving speed results are slower, the intensity is larger,
can be found that the Typhoon Kai-tak center obtained by WRF  and the wind speed is larger than the observed results.
simulation landfall at around 2012-08-17 06:00 UTC, which is

about 3 hours later than the actual landfalling time. This indic- 4 Conclusions

ates that the simulated typhoon movement speed is slower than

In order to reasonably determine the grid parameters of the
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WRF model in the typhoon simulation, the Typhoon Kai-tak as
an example had been used to analyze the sensitivity of horizontal
resolution, nesting grid, vertical layers and top maximum pres-
sure in the simulation results of track, strength and intensity. Dif-
ferent horizontal resolutions (5, 10, 20, 30 km), nesting grids (15
and 5 km), different vertical resolutions (35-layers, 28-layers, 20-
layers) and different top maximum pressures (1 000 Pa, 2 000 Pa,
3500 Pa, 5 000 Pa) had been used in the mesoscale numerical
model WRF to simulate the Typhoon Kai-tak. By comparing and
analyzing the simulation results at different horizontal and ver-
tical resolutions, the following conclusions can be drawn.

(1) The horizontal resolution of the model has a limit effect on
the simulation effect of the typhoon track, and the model at each
resolution can better simulate the track of the typhoon. Different
horizontal resolutions have different simulation effects on
typhoon strength (defined by wind speed) and intensity (defined
by sea level pressure, SLP), especially for sea level pressure. The
typhoon intensity simulated by the high-resolution model is
closer to the real situation. The nesting grids can improve com-
putational accuracy while saving computation time.

(2) The vertical resolution included vertical layers and top
maximum pressure of the model also has limited effect on the
simulation effect of the typhoon track, but have obvious effects
on typhoon strength and intensity. The typhoon intensity simu-
lated by the high-resolution model is closer to the real situation.
The nesting grids can improve computational accuracy while
saving computation time. The simulation results affected by ver-
tical resolution using 35-layers is better than the simulation res-
ults using 20-layers and 28-layers simulations.

Through comparison and analysis, the horizontal and vertic-
al resolutions of WRF model are finally determined by the simu-
lation accuracy, simulation efficiency, and the simulation results
of typhoon track, strength and intensity as follows: the two-way
nesting grid of 15 km and 5 km is comprehensively determined,
and the vertical layers is 35-layers, the top maximum pressure is
2000 Pa. It should be noted that the conclusions of this paper are
obtained under specific individual cases and physical process
conditions. If different parameterization schemes or different ex-
amples are adopted, the results may be different. More statistical
analysis is needed to obtain conclusions of general significance.
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