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Abstract

Cyclones are quite common and occasionally are disastrous because of the location of the Korean Peninsula. The storm 
surge on 30 March 2007 was very unusual in terms of its presence on the western coast and in terms of typical mesoscale 
cyclone development. Very specific numbers for sea level pressure and sea surface wind are required to predict cyclone 
disaster potential in the Korean Peninsula. In this study, we attempt to reproduce the reliable surface wind and sea level 
pressure using optimal physical parameterizations for high wind conditions in different models such as MM5, WRF, 
and COAMPS. To select the optimal physics combinations for the high winds, we designed three experiments with differ-
ent parameterization combinations for MM5 and WRF as follows; EXP1 (Eta PBL and Betts-Miller cumulus), EXP2 
(Eta PBL and Grell cumulus) and EXP3 (MRF PBL and Kain-Fritsch cumulus). EXP2 showed good performance in 
terms of the distribution and the magnitude of wind speed. The WRF and MM5 with EXP2 physics have an early evolution 
and a delayed maximum magnitude, respectively. The COAMPS model simulated the evolution but with a smaller 
magnitude. Warm advection, moisture flux and its convergence, convective instability, and longitude-height cross-section 
of temperature were explored by MM5 and WRF with EXP2 and COAMPS.
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1. Introduction

Because the Korean Peninsula is located in the 
middle-latitude, generation and transit of cyclone 
frequently occurred and occasionally caused the dis-
aster (Lee and Chang, 1997). Joung et al. (1984) 
showed that cyclones on the East Sea were associated 
with baroclinic waves and their development was 
followed by a decrease of atmospheric stability. 
Chen and Dell’Osso (1987) proved that latent heat-
ing had a profound impact on amplifying jet streak 
circulation and the vertical coupling within the sys-
tems, which appeared to prime for rapid cyclogenesis 
along the coast, and that the sensible heating con-

tributed nearly 18% to the surface development. Lee 
et al. (1991) concluded that proper release of latent 
heat by a well-parameterized convective scheme 
could predict the development of cyclones and asso-
ciated precipitation. 

The sensitivity of model parameters and initial 
conditions required to accurately predict the devel-
opment of an extratropical cyclone must now be 
explored. Orlanski and Katzfey (1987) evaluated the 
sensitivity of a model result with a one-way nested 
system to different parameters that may affect the 
forecast. They found that the most significant im-
provement in accuracy occurred when the horizontal 
resolution was increased. Lee and Hong (1989) sug-
gested that the model can be improved by a proper 
parameterization of the surface conditions in the 
ocean area near the continent for improved simu-
lation of winter cyclones. Lee and Chang (1997) 
showed that well-defined warm advection ahead of 
the lower tropospheric trough and cold advection be-
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Fig. 1. Observed time series of sea level height (cm, black), wind speed (m s-1, light grey) and the maximum wind gust
(m s-1, dark grey) at Yeonggwang (35.3oN, 126.5oE ) from 00 UTC 30 to 00 UTC 31 March 2007.

hind the system at initiation plays an important role 
in intensification of the cyclone. 

In this study, we selected the optimal physics com-
binations for the high winds (Davis and Simon, 2001; 
Ivanov and Palamarchuk, 2007) in Fifth-generation 
Mesoscale Model (MM5) and Weather Research and 
Forecasting model (WRF) and examined the results 
between MM5, WRF and the Coupled Ocean/ 
Atmosphere Mesoscale Prediction System 
(COAMPS) for the evolution of surface wind and sea 
level pressure associated with a cyclone. Finally, we 
investigated the cause of cyclone development.

2. Case day

A mesoscale cyclone accompanied by high wind 
induced a surge on the southwestern coast of the 
Korean Peninsula on 30 March 2007. The storm 
surge occurred simultaneously with the high tide; the 
sea-surface height was recorded above the high water 
level culminating at 703 cm, which is corresponding 
to the additional sea-surface height of approximately 
200 cm from the height of Yeonggwang (35.3oN, 
126.5oE) high tide at 1631 UTC 30 March 2007. The 
maximum wind gust and wind speed reached 20 m 
s-1 and 16 m s-1, respectively, up to 4 hours before the 
storm surge (Fig. 1).

Figure 2 shows the surface weather chart on 30 
March 2007. On 0900 UTC 30 March 2007, a small 
scale cyclone and anticyclone were located in the 
Korean Peninsula (Fig. 2a). The quickly generated 
cyclone, as shown in the black box of Fig. 2b, of 1500 
UTC 30 March 2007, was dissipated and the pattern 
of air pressure moved eastward on 2100 UTC 30 
March 2007 (Fig. 2c). Usually, storm surges are the 
result of a typhoon over the east or south coasts of the 
Korean Peninsula. However, this case is exceptional, 
as it was a mesoscale cyclone with a center pressure 
of 1010 hPa at Yeonggwang near the southwestern 
coast of the Korean Peninsula (Fig. 2b). To produce 
an accurate cyclone that can cause disaster, it is neces-
sary to calculate the wind speed over the ocean. 

3. Models and experimental design

MM5 version 3.7, WRF version 2.2 and COAMPS 
version 3.1 were used in this study. The nested do-
mains over the center of 35.0°N and 129.0°E were 
covered with 115 (in longitude)ⅹ124 (in latitude) 
grids in the 27 km mesh and 175 (in longitude)ⅹ238 
(in latitude) grids in the 9 km mesh systems, 
respectively. Initial and boundary conditions were 
based on the National Centers for Environmental 
Prediction (NCEP) Final Analysis (FNL) for the MM5 



30 April 2008 Jeong-Wook Lee et al. 123

 (a) 0900 UTC 30 Mar. 2007                                                    (b) 1500 UTC 30 Mar. 2007         

           

 
(c) 2100 UTC 30 Mar. 2007

  

Fig. 2. Surface weather chart on (a) 0900 UTC 30 March 2007, (b) 1500 UTC 30 March 2007, and (c) 2100 UTC 30
March 2007.
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Table 1. MM5, WRF and COAMPS model description.

Model configuration MM5 WRF COAMPS

Grid and nest Arakawa-C
Multiple nest

Arakawa-B
Multiple nest

Arakawa-C
Multiple nest

Vertical coordinate system Sigma coordinate
(hybrid) sigma-z 
(pressure) - Terrain 
following

Sigma coordinate

Vertical resolution 27 levels 30 levels
Initial field and boundary condition FNL (Final Analysis) data NOGAPS data

Physical scheme Simple ice scheme, RRTM / Simple MM5 
scheme, 5-layer soil model

Explicit moist physics, 
Single layer model

Table 2. Experimental designs for physics options. 

Physics Options EXP1 EXP2 EXP3
PBL Scheme Eta Eta MRF
Cumulus Scheme Betts-Miller Grell Kain-Fritsch
Explicit Moisture Scheme Mixed phase
Surface Scheme Five-Layer Soil 
Radiation Scheme RRTM longwave scheme

and WRF. MM5 and WRF are non-hydrostatic, primi-
tive-equation model with multiple-nesting capa-
bilities to enhance the resolution over the area of 
interest. The initial and boundary conditions for the 
atmospheric component of COAMPS were the 
Navy Operational Global Atmospheric Prediction 
System (NOGAPS) and satellite data came from 
Geostationary Operational Environmental Satellites 
(GOES), Quick Scatterometer (QuikSCAT), Special 
Sensor Microwave/Imager (SSM/I). The simu-
lations were executed from 0000 UTC 30 March 
2007 to 0000 UTC 31 March 2007. Table 1 shows 
the configurations of MM5, WRF and COAMPS.

Except for the COAMPS model, three sets of ex-
periments were carried out to select the physics op-
tions which could accurately simulate the magnitude 
and the evolution of the cyclone in high wind con-
ditions (Table 2). To choice optimal physical parame-
terization schemes, many factors including simu-
lated phenomenon, numerical model, model reso-
lution and simulation region should be considered. 
However, it was difficult to choice the optimal phys-
ical parameterization schemes to simulate the pres-
ent cyclone case. In the present case, an intense cy-

clone accompanied by the maximum wind gust of 20 
m s-1 caused the storm surge. To simulate the intense 
cyclone, EXP1 and EXP2 were selected from the best 
physical parameterizations for tropical cyclone pre-
diction accompanied by strong wind, which was sug-
gested by Davis and Simon (2001). EXP3 came from 
the best optimal parameterization scheme sets to sim-
ulate atmospheric variables including air temper-
ature, relative humidity and geopotential height us-
ing MM5 model (Ivanov and Palamarchuk, 2007). 

The model physics parameterizations were identi-
cal for three sets except for the planetary boundary 
layer (PBL) and cumulus parameterization (CP). In 
the case of the PBL parameterization scheme, EXP1 
and EXP2 used Eta PBL (Janjic, 1990; Mellor and 
Yamada, 1982) and EXP3 used MRF PBL (Hong and 
Pan, 1996). The MRF PBL scheme is a first-order, 
nonlocal Κ scheme, which includes counter-gradient 
transports of temperature and moisture that account 
for the contributions from large-scale eddies (Hong 
and Pan, 1996). The Eta PBL scheme is a Mellor–
Yamada (1982) level-2.5 scheme, or a variant of 
1.5-order closure model that includes a prognostic 
equation of the TKE. Zhang and Zheng (2004) re-
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(a) 1012 UTC 30 March 2007 (b) 2124 UTC 30 March 2007

Fig. 3. Horizontal distribution of sea surface wind obtained by QuikSCAT on (a) 1012 UTC 30 March 2007 and (b)
2124 UTC 30 March 2007.

ferred that these PBL schemes contained nonlocal 
treatments of the unstable PBL developments, which 
included TKE closures (Eta PBL), counter-gradient 
heat fluxes (MRF PBL). The model domain has (x, 
y) dimensions of EXP1, EXP2, and EXP3 used the 
Betts-Miller (Betts, 1986; Betts and Miller, 1993; 
Janjic, 1994) scheme, Grell (Grell et al., 1994) 
scheme, and Kain-Fritsch (Kain and Fritsch, 1993) 
schemes for the cumulus scheme, respectively. The 
physics parameterizations were mixed phase scheme 
(Reinsner et al., 1998) for the explicit moisture 
scheme, five-layer soil for the land surface model, 
rapid RTM (Mlawer et al., 1997) for long wave radia-
tion and simple MM5 (Dudhia, 1989) for short wave 
radiation. The selected physics schemes were ap-
plied to the MM5 and WRF model and then the results 
are compared with the output of the COAMPS 
model. 

4. Optimal combination of parameterization 
    for MM5 and WRF

To select the optimal physics combination for the 

high wind, we executed three experiments with dif-
ferent parameterizations. Figure 3 shows the hori-
zontal distribution of wind speed obtained by 
QuikSCAT. Observation recorded a strong wind re-
gion in the western part of Yellow Sea, South Sea and 
East Sea on 1012 UTC 30 March 2007 (Fig. 3a). On 
2124 UTC 30 March 2007, the distribution of wind 
speed was stronger than that previously, especially in 
the East China Sea, Yellow Sea and East Sea (Fig. 3b). 

To compare the distribution of wind speed ob-
tained by model results with that obtained by 
QuikSCAT, Figures 4 and 5 show the horizontal dis-
tribution of the simulated sea surface wind speed at 
1000 UTC and 2100 UTC 30 March 2007, re-
spectively, using MM5 and WRF with different 
physics for Table 1. At 1000 UTC 30 March 2007, 
the strong wind speed was well simulated in all ex-
periments over the western part of Yellow Sea and 
the east coast of the Korea although EXP3 showed 
that distribution of wind speed was weaker than 
EXP1 and EXP2 in the South Sea (Fig. 4). All experi-
ments have a good performance to simulate the sea 
surface wind under relatively weak wind conditions 
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(a) MM5 EXP1 (b) WRF EXP1

(c) MM5 EXP2 (d) WRF EXP2

(e) MM5 EXP3 (f) WRF EXP3

Fig. 4. Horizontal distribution of sea surface wind simulated by (a) MM5 EXP1, (b) WRF EXP1, (c) MM5 EXP2, (d) 
WRF EXP2, (e) MM5 EXP3 and (f) WRF EXP3 on 1000 UTC 30 March 2007.
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(a) MM5 EXP1 (b) WRF EXP1

(c) MM5 EXP2 (d) WRF EXP2

(e) MM5 EXP3 (f) WRF EXP3

Fig. 5. Same as Fig. 4 except for 2100 UTC 30 March 2007.
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(a) MM5 (b) WRF 

(c) COAMPS 

(a) MM5 (b) WRF

(c) COAMPS

Fig. 6. Horizontal distribution of wind speed and sea level pressure simulated by (a) MM5, (b) WRF and (c) COAMPS
on 1500 UTC 30 March 2007.

(below 10 m s-1). At 2100 UTC 30 March 2007, the 
model result for a strong wind region differed from 
each experiment (Fig. 5). MM5 simulations show the 
stronger wind over the northern part of the Yellow 
Sea, compared to the observation. Three experi-
ments using MM5 tended to underestimate the wind 
speed or to misestimate the locations of strong wind 
region. All experiments produced strong wind re-
gions in the East China Sea, the west coast and the 
east coast of the Korea except for the MM5 EXP1. 
EXP2 and EXP3 showed better distributions com-
pared to the EXP1, even though the speeds in the 

western Korean Peninsula were underestimated. 
Overall, wind speed simulated by WRF was stronger 
than MM5. 

In the WRF simulations, EXP2 properly simulated 
the locations of strong wind region and the wind 
speed above 12 m s-1 while EXP1 and EXP3 tended 
to underestimate the wind speed. Among the results 
of experiments using both models, simulated max-
imum winds varied by about 13 m s-1 with the Eta PBL 
schemes producing the stronger wind and the MRF 
PBL scheme producing the weaker wind. This result 
was found to the difference between the MRF and the 
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Fig. 7. Temporal variation of (a) wind speed and (b) sea level
pressure obtained by observation and simulations with 
MM5, WRF and COAMPS at Yeonggwang.

ETA scheme. The MRF scheme, which used a pre-
scribed K profile, is not well behaved for unstable 
conditions because the scheme cannot handle con-
ditions when atmosphere is well mixed due to the 
counter-gradient fluxes, whereas the prognostic 
TKE equation and local vertical mixing in the Eta 
PBL scheme provided more realistic magnitudes for 
the eddy exchange coefficients K. Therefore, in the 
present study, the strong winds above 13 m s-1 were 
better simulated by the ETA scheme, even though the 
result was slightly influenced by the selection of CP. 
This result is similar to the simulation result as shown 
by Braun and Tao (2000). They examined that an ex-
cessively deep vertical mixing of the MRF scheme 
acted to dry the lower PBL and reduce hurricane 
intensity. In addition, it was shown in the comparison 
between the results of EXP1 and EXP2 that the Grell 
CP simulated more realistic magnitude of strong 
wind speed than Betts-Miller CP.

5. Comparison of three models for cyclone 
  development

To examine the simulations of cyclone develop-
ment, three runs of MM5 with EXP2, WRF with 
EXP2 and COAMPS were compared. Surface weath-
er charts and the distribution of wind speed and sea 
level pressure fields simulated by three models on 
1500 UTC 30 March 2007 are shown in Fig. 6. 
Models simulate the cyclone in the southern part of 
western Korean Peninsula, and the result shows the 
anticyclone in the north of the cyclone as shown in 
the black box of the Fig. 2. The WRF simulated the 
developed mesoscale cyclone whereas COAMPS 
shows the cyclone westward from the south-western 
part of the Korean Peninsula. The WRF model pro-
vided the best simulation result of strong wind region 
around Yeonggwang where was struck by the storm 
surge (Fig. 6b). This result seems to be related to the 
differences between MM5 and WRF which are rep-
resented by the dynamic frame, horizontal coor-
dinate and the conservative for scalar variables 
(Table 1). 

Figure 7 displays the time series of wind speed and 
sea level pressure obtained by observation and simu-

lations by MM5, WRF and COAMPS model. The 
strongest wind speed occurred at 1600 UTC 30 
March. Before that maximum peak, wind speed 
showed a weak peak at 0400 UTC and 0800 UTC 30 
March and it fell to zero at 1200 UTC 30 March. 
Maximum wind speed arrived at 1600 UTC 30 
March, showing rapid development with about 12 m 
s-1 speed for five hours. The COAMPS model simu-
lated the evolution but for a smaller magnitude. The 
WRF and MM5 with EXP2 physics have an early 
evolution and a delayed maximum magnitude, 
respectively. As time went on, simulated sea level 
pressures showed the stronger second peak after the 
first peak, compared to that of observation. Figure 7a 
shows that wind speeds of models were under-
estimated on 1012 UTC and overestimated on 2124 
UTC, which was also analyzed by Zhang and Zheng 
(2004). They showed that the Eta PBL scheme under-
estimate the strength of surface wind during the day-
time and overestimate it at night. 

We compared the atmospheric states to investigate 
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Fig. 8. Horizontal distribution of warm air advection (ⅹ10-3 K s-1) at 900 hPa simulated by (a) analysis data on 0600 
UTC 30 March 2007, (b) analysis data on 1200 UTC 30 March 2007, (c) MM5, (d)WRF and (e) COAMPS on 0600 
UTC 30 March 2007 and (f) MM5, (g)WRF and (h) COAMPS on 1200 UTC 30 March 2007. 

the cause of the cyclone development. Low-level 
warm air advection, convective instability, low-level 
moisture flux and its convergence and longitude- 
height cross-section of temperature were investigated. 

Figure 8 shows the horizontal distribution of tem-
perature advection at 900 hPa. Figure 8a and Fig. 8b 
are analysis data from the NCEP Final Analysis 
(FNL) and Figs. 8c-8h show the simulated temper-
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Fig. 9. Same as Fig. 8 except for convective instability (difference between equivalent potential temperature ( eθ ) at 850
hPa and eθ at 900 hPa, K).

ature advection using MM5, WRF and COAMPS. 
The region of warm advection over 3.0ⅹ10 -3 K s-1 
is shaded. Analysis data showed that the warm advec-
tion region is situated in the eastern part of China with 

the core (116°E, 35°N) at 0600 UTC 30 March 2007 
(Fig. 8a). As time went on, the region of warm advec-
tion moved eastward and extended to the broad area. 
On 1200 UTC 30 March 2007, the warm advection 



132 ASIA-PACIFIC JOURNAL OF ATMOSPHERIC SCIENCES

Fig. 10. Same as Fig. 8 except for moisture flux (vector, m s-1) and its convergence (shaded, ⅹ10-6 s-1).

arrived in the Korean Peninsula and the core was lo-
cated at 120.5°E, 35.5°N (Fig. 8b). All models simu-
lated the region of warm advection and the core com-
pared with the analysis data. On 0600 UTC 30 March 
2007, COAMPS model showed that the warm advec-

tion region was located more eastward to the Korean 
Peninsula and the core was weaker than MM5 and 
WRF. We proved that WRF simulated a broad region 
of warm advection over 9ⅹ10-3 K s-1 compared with 
MM5 and COAMPS in the Yellow Sea at 1200 UTC 
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Fig. 11. Longitude-height cross-section of temperature (K) at 35.25°N from 116°E to 130°E simulated by (a) analysis
data on 0600 UTC 30 March 2007, (b) analysis data on 1200 UTC 30 March 2007, (c) MM5, (d) WRF and (e) COAMPS
on 0600 UTC 30 March 2007 and (f) MM5, (g) WRF and (h) COAMPS on 1200 UTC 30 March.

30 March 2007. 
To measure the convective instability, the gradient 

between equivalent potential temperature ( eθ ) at 900 
hPa and eθ  at 850 hPa were calculated (Fig. 9), where 
the positive value means stable and the negative val-
ue means unstable. Analysis data showed that the sta-
ble region was located from the eastern part of China 
to the Yellow Sea and the instable region was located 

on the southeastern part of China and southwestern 
part of the Korean Peninsula on 0600 UTC 30 March 
2007 (Fig. 9a). As time went on, the pattern moved 
northeastward and the stable region was destabilized 
in the Yellow Sea (Fig. 9b). Convective instability 
fields occurred at the western Korean Peninsula, 
which corresponded to the area of warm advections 
downstream. The warm air advection destabilized 
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the low layer from 900 hPa to 850 hPa. 
Figure 10 shows the horizontal distribution of 

moisture flux and its convergence at 900 hPa. 
Moisture flux and its convergence were calculated 
by q⋅v  and )( v⋅⋅∇ q , respectively. The region of 
moisture convergence over 2.0ⅹ10-6 s-1 is shaded. 
Analysis data showed that the convergence of mois-
ture flux region was situated in the eastern part of the 
China on 06 UTC 30 March 2007 (Fig. 10a). As time 
went on, the region of moisture convergence moved 
northeastward and extended to the broad area. On 
1200 UTC 30 March 2007, the convergence of mois-
ture flux region in the NW-SE direction was gen-
erated over the Yellow Sea due to the transport of 
moisture flux from southwest (Fig. 10b). All models 
simulated the moisture flux and moisture con-
vergence region compared with the analysis data. We 
showed that MM5 and WRF simulated a broad region 
of moisture convergence over 6.0ⅹ10-6 s-1 com-
pared with the COAMPS. The strong moisture con-
vergence merged to the warm air advection area. 
Low-level warm advection destabilized the low-lev-
el, and then moisture flux contributed to enhance the 
development of the cyclone. 

We also compared the longitude-height cross-sec-
tion of temperature at 35.25°N from 116°E to 130°E 
to analyze the cause of cyclone development (Fig. 
11). Almost all of the warm cores existed at 900 hPa. 
There were two warm cores (116°E-124°E and 
126°E-130°E) on 0600 UTC 30 March 2007 and the 
cores merged and developed on 1200 UTC 30 March 
2007 in analysis data. All models simulated the warm 
core compared with the analysis data, especially in 
the COAMPS model. On 0600 UTC 30 March 2007, 
all models had the core from 116°E to 125°E and 
COAMPS had another core from 126°E to 127.5°E. 
As time went on, the core was developed and ex-
tended eastward. 

6. Summary and conclusion

The storm surge on 30 March 2007 was an excep-
tional one generated by a mesoscale cyclone with a 
center pressure of 1010 hPa. To predict storm surges, 
accurate sea level pressures and sea surface winds are 

required. In this study, the sea level pressure and sea 
surface wind were simulated with different MM5, 
WRF and COAMPS and physics options. We se-
lected the physics options as the optimal parameter-
izations for the high wind conditions and inves-
tigated the cause of the cyclone development. 

At first, EXP1 (Eta PBL and Betts-Miller cumu-
lus), EXP2 (Eta PBL and Grell cumulus), EXP3 
(MRF PBL and Kain-Fritsch cumulus) with MM5 
and WRF were designed for optimal combination of 
physics. EXP2 and EXP3 show better distributions 
of strong wind speed regions compared to EXP1. 
Although there is some difficulty in selecting the op-
timal physics options, EXP2 showed good perform-
ance in terms of the distribution and the magnitude 
of wind speed, especially in the case of strong wind. 

We showed that different models make much dif-
ference in the magnitude and the evolution of a 
cyclone. The results for three runs of MM5 with 
EXP2, WRF with EXP2 and COAMPS showed that 
the distribution of wind speed corresponds well to sea 
level pressure. The WRF and MM5 with EXP2 phys-
ics have an early evolution and a delayed maximum 
magnitude respectively, while the COAMPS model 
simulated the evolution but for a smaller magnitude. 

The causes of cyclone development are consid-
ered to be warm advection, moisture flux and its con-
vergence, and convective instability. The results of 
the numerical simulations performed in this study 
showed that WRF simulated the developed meso-
scale cyclone. WRF simulation is stronger than MM5 
and COAMPS in the western Korean Peninsula in 
terms of warm advection and moisture convergence. 
Low-level warm advection destabilized the low-lev-
el, and then moisture flux contributed to enhance the 
development of the cyclone. Because this study is 
based on the result for one case, further study with 
more cases will be required to understand and simu-
lated the high-wind conditions.
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