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While the intensity of typhoon is strongly controlled by the sea surface temperature, the upper ocean heat content (UOHC) is more
essential for the typhoon intensity. To understand the impact of UOHC variation on the typhoon intensity, we perform simulation
experiments and sensitivity experiments of Typhoon Haiyan (2013), Megi (2010), and Cyclone Pam (2015) as well as historical
typhoons such as Typhoon Vera (1959) (Isewan Typhoon) and Ida (1958) (Kanogawa Typhoon) using a cloud-resolving model and
a coupled atmosphere-ocean regional model. In this year, we focused on the Supertyphoon Haiyan (1959) and performed simulation
experiments using the cloud-resolving model as a preliminary study. The simulation of Haiyan has four problems; (1) track error
is large, (2) maximum intensity is much less than the observation, (3) the rapid intensification is not simulated, and (4) deepening
of pressure is delayed. The problem (1) is significant and the track error is as large as 250~300 km. In the present study, a spectral
nudging technique was introduced to CReSS. As a result, the track error was significantly improved. The delay of pressure deepening
was also slightly improved. Further improvement is necessary for the delay problem. In the next step, experiments of Haiyan using

the coupled model are expected.

Keywords: Typhoon, Haiyan, Cloud-resolving model, Atmosphere-ocean coupled model, Typhoon-ocean interaction

1. Introduction 2. Methods
The sea surface temperature is a primary factor to control an We summarize here results of simulation experiments of the
intensity of tropical cyclones. On the other hand, it is considered supertyphoon Haiyan (2013) using the CReSS model. Haiyan
that the upper ocean heat content (UOHC) is more essential struck the Philippines on September 8, 2013 and caused huge
for the intensity. The impact of UOHC change on the tropical disasters owing to the strong winds and the storm surge. The
cyclone intensity is an important problem. Previous studies minimum central pressure was recorded as 895 hPa before its
suggest that the increase of UOHC is a factor to increase intense landfall. In the simulation experiments of Haiyan, there are the
supertyphoons such as Haiyan (2013) and Megi (2010). It is following problems in some previous researches.
important to understand the impact of the UOHC change on the (1) The simulated track is shifted 250~300 km to the north
intensity of these typhoons. In the present study, we perform relative to the best track. This is a large track error.
simulation and sensitivity experiments of intense typhoons (2) The maximum intensity is less than that of observation.
such as Haiyan (2013), Megi (2010) and Cyclone Pam (2015) (3) The rapid intensification is not simulated.
using a cloud-resolving model and a coupled atmosphere-ocean (4) The timing of pressure deepening is delayed.
model to examine the above problem. As a preliminary study, Among these problems, (2) and (3) are almost solved in CReSS
we performed the supertyphoon Haiyan (2013) using the cloud- simulations while the track error was still significant. To improve
resolving model CReSS (Cloud Resolving Storm Simulator) the track error, the spectral nudging technique is introduced to
(Tsuboki and Sakakibara, 2002; Tsuboki, 2008[1], [2]). the CReSS model. In the technique, horizontal velocity field was
In the present climate, most supertyphoons such as Haiyan transformed to a spectral space and the some lowest wave number
(2013) and Megi (2010) developed in the lower latitude. In the components are dumped to those of observed data.
future warmer climate, however, they could reach the main
islands of Japan (Tsuboki et al., 2015[3]) because of the increase 3. Results
of sea surface temperature. The study of intense typhoons in the The observed SST field and the best track of Haiyan are
lower latitude is important for the intensity projection of future shown in Fig. 1. Since Haiyan moved almost westward, the track

intense typhoons in the mid-latitude. is almost along the SST contour lines of 29~29.5°C. The vertical
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shear which is a main inhibition factor for typhoon development
was weak along the track and Haiyan has developed by its
landfall. In the development process, Haiyan exhibited a rapid
intensification and resulted in the supertyphoon intensity. To
solve the problem of (1) in the simulation experiment of Haiyan,
the spectral nudging technique was introduced to CReSS. All

the simulation experiments were started at 12 UTC September 4,

00 00Z 07NOV2013 SST (mgdsst.ctl)
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Fig. 1 Best track of the supertyphoon Haiyan (2013) (white line with
open and closed circles) and the sea surface temperature on
September 7, 2013.
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Fig. 2 Rainfall intensity (color levels), sea level pressure (contour lines)
and the surface wind (arrows) at 20 UTC September 7, 2013
obtained by the simulateion experiments of the supertyphoon
Haiyan (2013) using CReSS with a horizontal resolution of 4km.
(a) Without the spectral nudging technique and (b) with the
spectracl nudging technique.
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2013 and five day integrations were performed. The initial and
boundary conditions for the experiments were provided by the
JMA (Japan Meteorological Agency) Global Analysis.

Figure 2 shows the simulation experiments without the
spectral nudging technique (Fig. 2a) and with it (Fig. 2b).
The former result showed that the simulated typhoon track
was shifted northward for the almost all period of simulation.
The maximum track error is about 300 km. This result is the
same as the previous result of simulation. On the other hand,
the experiment with the spectral nudging technique showed a
significant improvement. The maximum track error was reduced
to about 50 km at most and the landfall point is almost the same
as the best track. The result indicates that the above problem (1)
was solved.

Time series of the central pressure and the maximum surface
wind are shown in Fig. 3. In the observation, Haiyan started to
intensify rapidly around 12 UTC September 5. The simulation
without the spectral nudging showed two days delay to start the

rapid intensification and one day delay of the minimum central
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Fig. 3 Time series of the intensity of Haiyan (2013): the central
pressures in the CReSS simulation (the black line) and in the best
track data (the red line), and the maximum surface wind speeds
in the CReSS simulation (the blue line) and in the best track data
(the yellow line). (a) Without the spectral nudging technique and
(b) with the spectracl nudging technique.
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pressure. On the other hand, the result with the spectral nudging
showed that the rapid intensification began around 00 UTC
September 7 and the minimum central pressure was 00 UTC
September 8. The intensification process was also improved by
the spectral nudging technique as well as the track. However,
the timing of the rapid intensification is still delayed and this

problem remains to be solved in the further study.

4. Concluding Remarks

To study typhoon-ocean interaction and impact of UOHC
change, the supertyphoon Haiyan (2013) is an important case for
simulation experiments. Before simulation experiments using
the coupled model are performed, we should solve the problems
in the simulation of Haiyan and show a realistic simulation. In
the present study, we introduced the spectral nudging technique
to improve the track of typhoon. The result showed a significant
improvement of track. Further improvement is necessary for the
timing of rapid intensification and a coupled model experiment

remain for the study in the next year.
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