
1. Introduction 
 
  Tropical cyclones are in extra-tropical transition stage 
when they hit Japan Islands. The axi-symmetric structure 
of typhoon vortex is collapsing in the baroclinic 
environment in mid-latitudes. In the course of this 
transition various meso-systems develop which cause 
severe weather conditions. The maximum wind speed is 
sometimes observed behind the vortex but not in the 
right hand semi-circle of the vortex. Heavy rains 
occasionally take place where the vortex interacts with 
dry-cold continental air mass. The horizontal intrusion of 
continental air mass forms front around the vortex, which 
cause severe meso-storm in the remote area. The 
mechanism of extra-tropical transition and the associated 
disasters are studied through data analysis and numerical 
simulation with meso-scale meteorological model. 

Another threat is the extremely high wind caused by 
the interaction with topography. The mechanisms of 
local high wind event are also studied with a help of 
Large Eddy Simulation. 

  2. Studies on T9807 (Vicki) 
 
On September 22, 1998 the T9807 (Vicki) landed on 

the Kii peninsula and migrated to NNEward crossing the 
Kinki district of Japan. It caused severe high wind 
disaster at Nara basin, one of the ancient capitals of 
Japan, including damage to historical architectures. 
Okuda et al. (2003) collected wind record from various 
sources including meteorological stations, local fire 
offices, some industrial factories and others. From the 
wind records at 137 stations, they concluded that the high 
wind occurred at the rear side of the typhoon migration, 
but not in the right hand semicircle where it usually takes 
place. The circles in Fig. 1 represents the hourly center of 
the typhoon and the hatched area represents regions 
where instantaneous wind speed exceeded 50 m/s. The 
arrows relate each area with the position of the typhoon 
center when the high wind occurred. It is obvious that the 
extremely high wind events took place after the passage 
of the typhoon center. 
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Abstract 

  Tropical cyclones are in extra-tropical transition stage when they hit Japan Islands. The 
axi-symmetric structure of typhoon vortex is collapsing in the baroclinic environment in mid-latitudes. In the course 
of this transition various meso-systems develop which cause severe weather conditions. The maximum wind speed 
is sometimes observed behind the vortex but not in the right hand semi-circle of the vortex. Heavy rains occasionally 
take place where the vortex interacts with dry-cold continental air mass or with pre-existing frontal zone. The 
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severe meso-storm in the remote area.   The mechanism of extra-tropical transition and the associated disasters are 
studied through data analysis and numerical simulation. The local severe wind is also examined using Large Eddy 
Simulation Model. Several case studies are introduced for T9807 (Vicki), T9918 (Burt) and T0418 (SONGDA). 
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Fig. 1 Distribution of the maximum instantaneous wind. Black 
area are regions where it exceeds 50 m/s. Circles are the 
typhoon center of every 10 minutes defined by objective 
analysis of surface pressure records. Arrows relate each area 
with the position of the typhoon center when the high wind 
occurred. 
 
  This kind of high wind events after the passage of 
typhoon center, in other words at the rear side of typhoon 
center, occasionally observed in the typhoons in late 
summer or in autumn in Japan. In order to investigate the 
possible mechanism causing this phenomenon, a 
numerical simulation is conducted with PSU/NCAR 
MM5. 
  Triply nested domains (Fig. 2) are used to reproduce 
general movement of typhoon and also local high wind. 
The meteorological data are taken from GAME 
Reanalysis Data. Since the typhoon expressed in the 
GAME Reanalysis is a little bit weaker than the best 
truck data, we put a bogus typhoon at 03JST. The central 
pressure was set to the best track data and the wind and  

 
Fig. 2 Computational Domain and the best truck 

 

temperature distributions were modified to balance the 
pressure distribution. 
   The horizontal resolution of each domain is 9km, 
3km and 1km, respectively. In the vertical 34 layers are 
used where the lowest half level is 20 m. The options 
used in physical processes are Burk-Tompson scheme 
(Boundary Layer/Turbulence), Reisner 2(Cloud physics), 
Cloud radiation scheme (Radiation) and Force restore for 
surface processes. Cumulus parameterization is not 
applied. The nudging is not used since it may 
contaminate dynamic processes, but fortunately the 
simulated typhoon truck and the strength are close to the 
reality as shown in Fig. 3 and Fig. 4.    With this 
simulation we investigated the structure of the high wind 
associated with Vicki. 
 
 

Fig. 3 Comparison of central pressure, □（Domain 1）,●
(Domain 2), ―（DOMAIN ３）、◆(JMA best truck). The 
sudden deepening in the simulation is due to the initial spin up. 
 

 

 
 
Fig. 4 Comparison of typhoon position. ○(JMA best truck), 
▽(Objective analysis in Okuda et al.), ●(MM5simulation) 



 

 
  Fig. 5 shows a snap shot of the simulated result at 
15:40 when the Osaka and Nara districts were suffered 
by high wind. The upper left panel shows the horizontal 
wind speed and horizontal stream line at about 2km 
altitude and the lower left shows horizontal wind speed 
in the vertical cross section cut along A to B surface. It is 
clear that a narrow high wind belt (colored with orange) 
is formed at the southwestern side of the typhoon center. 
Further the lower left panel insists that the high wind belt 
is rather shallow. In total, the high wind region looks like 
a taper.  
   The right hand panels show vertical wind distribution 
in a little wider area. Upward motion is shown in green 
and the downward motion in blue. Seeing the horizontal 
streamline superimposed in the upper right panel, it is 
understood that the taper shaped high wind region in the 
left hand panels corresponds to the region where the 
rotational wind around the typhoon meets the prevailing 
westerly in mid latitudes. In the vertical cross section of 
the lower left panel it is seen that strong vertical motion 
exists in upper layers whereas there exists downward 

motion beneath. In total, it is said that the lower high 
wind belt is the lower branch of the bifurcated flow 
induced by the convergence of rotational wind around 
typhoon and the prevailing westerly. 
   What takes place, on the other hand, for the other 
blanch? Looking at the JMA Radar it is known that the 
surface high wind area corresponds to strong echo. In the 
simulation tall clouds exist over the high wind area. This 

Fig. 5 Wind field near the center of typhoon at 15:40JST. Horizontal wind speed and the streamline at 2 km height (upper left), the 
vertical cross section along A to B line (lower left), vertical velocity and the horizontal streamline (upper right) and the vertical 
section with the streamline in it (lower left). 

 
Fig. 6 A schematic explanation of possible mechanism of high 
wind generation in case of Vicki.



suggests that the upward blanch initiates strong 
convection. There may exist small-scale strong 
downward motion associated to each of these convective 
cells, which in turn forms gust front when it hit against 
the ground surface. It is plausibly postulated that the gust 
fronts further accelerate the surface wind, which leads to 
the severe high wind hazard in those area. In Fig. 6 this 
understanding is schematically illustrated. 
 
 
3. Studies on T9918 (Bart) 
 
   T9918 (Bart) is one of the most hazardous typhoons 
in recent years for Japan. The central pressure was as low 
as 950 hPa when it hit Kyushu district of Japan. It caused 
severe wind damages in west Japan including extremely 
high storm surge, as high as 4.7 m, in Ariake/Yatsushiro  
 

Fig. 7 The best truck data of T9918 (Bart). A 4.5 m storm surge 
took place at the Ariake/Yatsushiro inland sea (denoted by ‘A’). 
Toyohashi city, denoted by ‘B’ was hit by several tornadoes 
when the typhoon center was in the Japan Sea. 
 
(a)                      (b) 

Fig. 8 A result of MM5 simulation. (a) Horizontal 
distribution of specific humidity computed with coarse 
grid. (b) Horizontal distribution of precipitating particles 
and the storm relative wind field computed by fine mesh 
simulation.  

inland sea. It also caused a strong Tatsumaki (tornado) at 
Toyohashi city. When the tornado hit Toyohashi city, the 
center of the typhoon was as far as 400 km to the ENE of 
the city(Fig. 7).  

According to a statistical study by Hayashi et al. 
(1994), nearly a half of reported tornado during August 
and October are associated with typhoon. Tornadoes are 
the most preferably spawned in the forward-right 
quadrant relative to the typhoon migration. The tornado 
in Toyohashi city falls in this category. In order to see the 
background atmospheric condition around a typhoon 
causing tornadoes in remote site, we designed a series of 
simulation using the MM5. 
   The simulation was conducted using JMA Regional 
Analysis data (twice daily, 20 km resolution). Fig. 8 
shows a result. The left hand panel shows the distribution 
of specific humidity at 2500 m above sea level. It is seen 
that there is a very strong humidity band spiraling out 
from the typhoon center. There is another humidity band 
outside of the former band. This is usually called as the 
outer rain band. In contrast to the continuous inner rain 
band, the outer rain band consists of several isolated 
meso-scale disturbances. When one of these disturbances 
hit the Toyohashi city, it suddenly developed to a strong 
meso-cyclone spawning tornado as shown in right hand 
panel.  
   Since we have successfully reproduced the outer rain 
band and the meso-cyclone suitable for spawning 
tornado, we in turn investigate the characteristics of 
background environment reproduce in the coarser grid 
simulation (Yoshino et al., 2002). Several diagnostic  
parameters calculated from upper layer sounding are 
used to assess the background features of tornado 
producing environment. They are, for example,  
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   The horizontal distributions of these parameters at 
the time of meso-cyclone intensification are shown in 
Fig. 9. The high values of CAPE prevail along and to the 
south of coastline facing to the Pacific Ocean. On the 
other hand, the SREH, which represents the rotation 
source, has high values in the eastern side of typhoon. 
Consequently, the combined parameter EHI (Energy 
Helicity Index) has maximum values at a limited area 
surrounding the area of meso-cyclone genesis. This result 
suggests that the EHI is the best parameter predicting the 
possibility of tornado outbreak associated with typhoons. 
   Another important feature relates with the 
extra-tropical transition is clearly observed when Bart 
migrates through Japan Sea to the Okhozk Sea. That is 
the re-intensification of the vortex. Fig. 10 shows the 
central pressure over the life cycle of the simulated 
typhoon Bart. The simulation starts from its fully 
developed stage at 00Z, Sep. 23. It was once weakened 
to 980 hPa . Then, it developed to 965 hPa at 00Z 26 Sep. 
again during its northeastern migration over the Okhozk 
Sea.  After that it gradually dissipated. Fig. 11 shows 
the Potential Vorticity (PV) distribution in 300 hPa level. 
A small star in each panel shows the position of surface 
minimum pressure. In the fully matured stage (a) and 
decaying stage (b) the isolated high PV is found around 
the center of typhoon, but it almost disappeared in the 
 

Fig. 9 Horizontal distributions of diagnostic parameters 
computed from the output from o MM5, (a) the Convective 
Available Potential Energy, (b) the Storm Relative Environment 
Helicity, (c) Bulk Richardson Number and (d) Energy Helicity 
Index.  

decayed stage (c). A systematic high PV region 
corresponding to the upper level trough in mid latitudes, 
on the other hand, is approaching the typhoon vortex 
from the west.  During re-intensification stage, 
(c)->(d)->(e), the high PV of upper level trough is 
spiraling around the lower level typhoon vortex and a 
systematic upper level vortex is established. The 
developed vortex is further entraining high PV around its  
  

 
Fig. 10 Time series of the minimum central sea-level pressure 
of Typhoon Bart (1999) in the MM5-simulated 
fields with a horizontal resolution of 10-km. 
 
 

 
Fig. 11 Horizontal distributions of the 300-hPa Ertel’s potential 
vorticity (shaded according to the scale) from 06 UTC 23 
(mature stage) to 00 UTC 27 (dissipating stage). Solid lines 
indicate a snow-water mixing ratio of 5.0×10−3 g kg−1. Star 
marks imply the position of the minimum central sea-level 
pressure. 



center, changing into the more complicated structure and 
gradually dissipating, (f). The similar transition was also 
taken place for the T0418 (SONGDA), which caused 
extremely high wind in Hokkaido district. 
   It is interesting to examine how much the depression 
is tropical and how much extra-tropical. In order to know 
this, we applied the piecewise vorticity inversion analysis 
(Yoshino et al., 2003). We arbitrary divide the potential 
vorticity anomalies into several pieces representing 
different vorticity sources; the anomaly associated with 
upper level trough (Qd), positive anomaly in the lower 
portion of typhoon vortex (Qhp), negative anomaly in the 
upper part of typhoon reflecting the stabilizing effect due 
to the latent heating in the middle layer of typhoon (Qhn), 
potential temperature difference at the lower boundary 
(θeff) and the others (Qr). Then, meteorological fields 
corresponding to each piecewise vorticity are restored by 
vorticity inversion. 

Anomaly of 1000-hPa geo-potential height is 
sampled at the typhoon center for each piecewise 
vorticity and the relative contribution of total 1000-Pa 
anomaly is estimated. The result is illustrated in Fig. 12, 
in which relative contribution of Qs to the total anomaly 
(1 dam = 10 m) is compared. The Qhp has major 
contribution, of course, in the fully developed stage 
(2312). It is seen that the Qhp is continuously decreasing 
whereas the Qd representing the contribution is 
increasing constantly.  
  It is not easy and is not the purpose of this analysis to 
define a criterion of extra-tropical transition, but it is 
roughly said that the system is rather extra-tropical when 
the contribution from upper level trough exceeds that 
from positive anomaly of typhoon (Qhp) 
 

Fig. 12 Relative contribution of Qhn, θeff , Qhp, and Qd to the 
1000- �hPa total geopotential height anomaly Φ  at the typhoon 
center. Quantity at the right column implies the total 
geopotential height anomaly ΣNn  in the histogram are each 

�contribution rate (Φn/Φ  × 100 [%]). 

 
 
4. Studies on T0418 (SONGDA) 
 
   In previous sections, the extra-tropical transition and 
the associated phenomena are discussed. In this section 
we introduce one of our studies relates to local 
enhancement of surface wind during typhoon passage. 
   The year of 2004 was a singular year for typhoon 
disaster in Japan. As many as 10 typhoons landed on 
Japan Islands and caused severe damage. T0418 
(SONGDA, Fig. 13) is characterized by its strong wind. 
It landed on the Kyusyu district and caused high wind 
disaster in Kyusyu and Chugoku districts. It migrated 
over the Japan Sea northeastward, and caused severe 
wind damages in Hokkaido district when it migrated 
northward to the west of Hokkaido Island. The strong 
wind in Hokkaido partly relates to the extra-tropical 
transition as mentioned in the previous section.  
   Miyajima is an island in the Seto Inland Sea. It is a 
hilly island whose width is about 3 km and the length 
about 9 km. The highest mountain in the island is about 
530 m. The island and the surrounded area are counted as 
one of the best three scenic beauties in Japan. There is a 

 
 
Fig. 13 Truck of T0418 (SONGDA). The numbers along 
the truck denote the date in September (00UTC).

 
Fig. 14 A bird eye view of Miyajima island seen from the north.



historical shrine, Itsukushima shrine, at the north foot of 
the island. The northern slope of the island and the shrine 
was severely damaged by strong wind gusts associated 
with T0418. 

According to the field damage survey (Maruyama 
et al. 2005, Fig. 15), they concluded that the direction of 
wind gusts were very variable. This was also confirmed 
by a video movie recorded by a witness. The similar 
wind damages are also caused during the passage of 
T9119 and T9918. The direction of the gust was 
estimated as southerly and westerly, respectively.  
   All of these typhoons were heading toward NE over 
the Japan Sea, so that the prevailing wind was southerly 
at the location of Miyajima Island. Since the Itsukushima 
shrine is at the north foot of mountain, it is usually 
expected that the area is sheltered from high wind in 
southerly condition. Thus, it is a little curious that the 
area suffered by strong gusts in general southerly 
condition.  
  In order to reveal the mechanism of producing strong 
variable gusts, we carried out a series of numerical 
simulation. First, we employed PSU/NCAR MM5 to 
reproduce the meteorological field. Quadratic nested 
domains are used to compute wind field around the 
island (Fig. 16). In the finest grid of MM5, the 
computational domain of Large Eddy Simulation is 
embedded as shown in Fig. 16d.  The computational 
grid of LES is shown in Fig. 17. 
   Example of wind fields computed by the MM5 is 
shown in Fig. 18.  The upper panel is for the Region 2 
and the lower panel for Region 4. Both are wind field at 
10 m above surface and the time is 14:00 JST when the 
strongest gusts were observed at Miyajima. It is seen in 
the upper panel that the Hiroshima Bay area in which 
Miyajima locates is in a high wind region. In the lower 
panel, however, it is seen that the wind speed is lower 
than its surrounding region at the lee side of the island. 

This just reflects the shading effect by the mountain, but 
it does not correspond to the reality. We may understand 
that this is a limitation of meso-scale model, especially in 
its Reynolds averaging turbulence parameterization. 
 

 
Fig. 15 Direction of wind gust estimated from the field 
survey.  

 

Fig. 16 Quadratic nested domain of MM5 simulation and the embedded LES domain. The horizontal grid spacing in MM5 calculation 
is 9km, 3km, 1km and 1/3 km, respectively. The vertical grid is set finer than the other cases and set as 8, 36, 153, 137, 339, 456 m ….

 
Fig. 17 Calculation Region of LES 

 



    In the LES simulation, on the other hand, very 
complicated and interesting wind fields are reproduced.  
   Averaged wind field computed by LES is shown in 
Fig. 19. The upper panel shows the south-north 
components normalized by the inflow wind speed at 530 
m, the elevation of the highest peak. The shaded parts are 
southward wind, that is, the lower branch of cavity flow. 
It is clearly shown that there exists strong downward 
flow along the valley, which hits Itsukushima shrine, 
although cavity flows form aside. It is also clearly seen in 
the vertical cross section (the lower panel).  

If we see snap shots, however, it is understood that the 
wind field is highly variable. Some examples of 
instantaneous wind field around the Itsukushima shrine 
are shown in Fig. 20. Each panel shows 10 m wind 
vector distribution. At the instant shown in the upper 
panel, there exists a westward gusts to the south of the 
shrine. In the middle panel, a consistent down ward flow 
along the valley hit a temple in the middle of slope and 
also Itsukushima shrine at the mouth of the valley. This 
flow is considered as the major slow regime since it is 
consistent with the averaged wind shown in Fig. 19. 

 

 
Fig. 18 Wind field at 10 m above surface. The upper panel is 
for Region 2 and the lower for Region 4. 

The lower panel shows another flow regime in which 
there exists a eastward flow branch and there exists 
strong eastward gusts at the place of shrine. This gust 
looks like a divergent flow, which suggests the existence 
of strong downward motion. Actually, strong downward 
motion is found this area if we see the three-dimensional 
structure of turbulent flow. 

It is a laborious work to describe every variety of 
flow regimes, but it should be commented that at the 
place of Daishoin Temple in the middle way of valley the 
flow is occasionally southward. This implies that the 
downward gust along the valley is not steady and that 
cavity flows were occasionally formed along the valley. 
 
5. Concluding Remarks 
 
   In this short report we introduced summaries of our 
recent studies relating to typhoon disaster.  The 
materials included in this report are mainly for strong 
winds due to typhoons. The numerical modeling is a 
strong tool in conducting research with typhoon-induced 
disasters. Since the detailed observation is difficult for 
the typhoons, we had to ‘deduce’ the meteorological 
field around the typhoon before the use of numerical  
 

 
Fig. 19 Averaged wind field at 14:00 computed by LES model. 
The upper panel shows the south-north components normalized 
by the inflow wind speed at 530 m, the elevation of the highest 
peak. The shaded parts are southward wind, that is, the lower 
branch of cavity flow. The lower panel is the vertical cross 
section along A to B. 

The shaded area represents 
cavity flow (northerly) 



 
 

 

 

 
 
Fig. 20 Some snap shots of 10 m wind field around Itsukushima 
shrine seen from the north. In the upper panel and lower panel 
the shrine is hit by westward gust and eastward gust, 
respectively. In the middle panel a consistent downward flow is 
seen which blow down to the valley from the col between two 
peaks.   

 
 
modeling. Now, the three dimensional field of typhoon 
can be reproduced by a dynamically consistent way, so 
that the mechanisms causing various hazards can be 
known with the use of these models. 
   Although the most of topics included in this report 
are for wind disaster, we are, of course, conducting 
heavy rain research with the help of numerical models. 
However, reproductively of precipitation by numerical 
models are rather poor as compared with that for wind 
field. We can get qualitatively reasonable result with 
precipitation, but not quantitative. A further 
improvement of models is required before the applicable 
use.    
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Southwesterly wind blows into another 

valley to the west, which blows up the 

ridge, and then blows to the shrine as a 

divergent flow.  

A gust blows from the east along 

a small peninsula to the north of  

Itsukushima Shrine.  



 


