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Typhoons cause major natural disasters such as heavy rains and floods in many parts of the world including Japan. It is pointed out
that global warming is accelerating after a global warming hiatus, which started in early 21th century and ended recently. This global
warming acceleration can lead to rapid climate changes such as an increase in the ratio of super typhoons in near future. However,
near-future prediction of typhoon activity is not yet established. In this study, we examine a feasibility of near-future typhoon
prediction using NICAM, a high resolution global non-hydrostatic atmospheric model, which can reproduce realistic intensity of
typhoons. A series of large ensemble experiments are performed for typhoon seasons in 2015 and 1997 to focus on extreme El Nifio,
which greatly influences global climate. Analysis of intense typhoon shows that its observed number is within the range of ensemble
spread. Increase in the intense typhoon is captured in the ensemble simulations for 1997 but not for 2015. In addition, internal
variability of the atmosphere for a given sea surface temperature is larger in 2015 than in 1997, which makes predictions of the
intense typhoon more difficult in 2015. We are investigating this year-to-year difference of predictability from a viewpoint of large-

scale circulation.

Keywords: Typhoon, global warming, extreme El Nifio, hiatus, ensemble experiment

1. Introduction between ITY and El Nifio.

Typhoon causes large natural disasters and attracts not In previous studies, global circulation models (GCMs) had
only scientific but also socioeconomic attentions. If accurate not well reproduced intense tropical cyclones [3]. In recent
probability predictions of typhoon activity in one month, years, however, high-resolution GCMs tend to succeed in

seasonal, and annual scale were achieved, this system would well reproducing intense storms [4, 5, 6, 7]. In our research
contribute to a reduction of damages associated with typhoon. group, climate simulation was performed for 30 years using a
Here, intense typhoon (ITY) is defined as a typhoon with the high resolution global non-hydrostatic model called NICAM
minimum sea-level pressure of 945 hPa or less. In June to [8, 9, 10]; and the model relatively well simulated horizontal
October 2015, the number of ITYs in the western North Pacific distribution of tropical cyclogenesis and its seasonal change [11].
reached 10, which was comparable to those in 1992, 1994 and Furthermore, NICAM well simulated the observed interannual
1997 and the largest in the record of Japan Meteorological variability of ITY numbers (Figs. 2a and b).

Agency since 1951. An extreme El Nifio development was In this study, a large ensemble simulation is conducted
a common characteristic in 2015 and 1997. Previous studies using high-resolution NICAM to gain knowledge for typhoon
reported an increase in the number of ITYs during a stage of  prediction in one month, seasonal and annual scale. By using
development of El Niflo (e.g. Camargo and Sobel [1]). However, NICAM, which can reproduce ITYs, we aim to understand
the number of El Nifio events is limited in observation [2], the response of typhoon to El Nifio and to contribute to an

which may interfere with reliability of the observed relationship improvement of the accuracy of typhoon seamless prediction.
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As a first step, we conduct 50-member ensemble simulations
of boreal summer (June to October) in 2015 and 1997, when El
Niflo-type sea surface temperature anomaly is observed (Fig. 1),

and evaluate the number of ITY's and its response to El Niflo.
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Fig. 1 Horizontal distributions of observed sea surface temperature
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(contour) and its anomaly relative to climatology (shade) in
Jun2015 and 1997. The contour interval is 1 degree Celsius. The
climatology is defined by averaging the observed sea surface
temperature over 1982 and 2015.

2. Methodology

NICAM was used for ensemble simulations in 2015 and
1997. The horizontal grid spacing was 14 km without cumulus
parameterization. The model setting was the same as Kodama
et al. (2015) [11] except that the gravity wave drag scheme [12]
was implemented. Sea surface temperature was calculated by a
slab ocean model, which was nudged to observation [13]. The
initial condition was prepared by interpolating from the JRA-55
reanalysis [14, 15]. The 50 members were produced by changing
the initial time by 6 hourly from May 19th (18UTC) to June
1st (00UTC) for 2015 and 1997. These ensemble simulations
for 2015 and 1997 are referred to as EN15 and EN97 runs,
respectively. Simulated typhoons were detected by utilizing a
tracking method [16]. In this study, ITY was defined as typhoon

whose the minimum sea-level pressure reaches 945 hPa or less.

3. Results and discussion

Figure 2 shows probability density function for ITYs during
June-October. The median values of ITY numbers were 5.5 for
ENI15 run and 7 for EN97 run, and their interquartile ranges are
3 and 2, respectively. The median value in EN97 run is larger
than that of NICAM climatology (6), and the interquartile range
in EN97 is smaller than EN15 run. The number of ITYs in EN97
run seems to be strongly related to the El Nifio-type sea surface
temperature anomaly (Fig. 1b). Meanwhile, in EN15 run, two
members reproduce the observed number of ITYs (10), although
the median value is slightly less than the NICAM climatology
and the interquartile range (Q3 minus Q1) is larger than that in
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EN97 run. This suggests that, in 2015, the number of ITYs was
affected not only by El Nifo-type sea surface temperature but
also internal variability of the atmosphere in response to sea
surface temperature.

Increases in ITY number during El Nifio event are thought
to be related to the southwestward shift of the genesis location
of tropical cyclones compared with neutral condition; in this
condition, typhoons pass over a warm ocean in deep tropics
for a longer time and can develop more by receiving heat from
the ocean [1, 17]. Therefore, the number of ITYs seems to be
influenced by the genesis location and track of typhoons. Figure
3 shows that, in EN97 run, the genesis of ITYs is concentrated
over a specific area (140°E-160°E; 10°N-15°N), while clear
concentrated area is not seen in EN15 run. As for the track, its
density in EN97 run is higher than that of EN15 run, over the
castern sea of Taiwan (130°E-140°E). Difference in the track
seems to determine a period when typhoon remains over a warm
ocean and causes difference in the number of ITYs between
EN15 and EN97 runs. [18] suggests that tracks of typhoons
are affected by their genesis locations. The result of this study
suggested an importance of accurate prediction of the typhoon

genesis location in predicting the number of ITYs.
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Fig. 2 Probability density functions of the number of the intense
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(RSMC TOKYO) for 1979 and 2008, (b) NICAM AMIP
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We will continue investigating the feasibility of the near-
future projection of tropical cyclone by focusing on the
difference of the large-scale environmental conditions between
ENO97 and EN15 runs and discussing factors that determine the

internal variability of the atmosphere.
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