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We performed a series of future climate simulations using the updated global non-hydrostatic atmospheric model NICAM for
the purpose of reliable future projection of tropical cyclones. The historical simulations with 56- and 28-km mesh performed
in FY2019 were extended to 2050, and an additional time slice simulation with 14-km mesh was performed for the 2040s. The
results of these simulations show the number of tropical cyclone genesis decreases globally, especially in the northwestern
Pacific and that of the intense tropical cyclone genesis increases in the future climate. Meanwhile, the number of intense tropical
cyclones existing around Japan tends to decrease slightly, and the size of the intense tropical cyclones tends to increase slightly.
It is necessary to increase the integration period and the ensemble number as well as enhance resolution in order to evaluate
impact of the global warming on the intense tropical cyclones on a regional scale.

Keywords : tropical cyclone, climate change, global non-hydrostatic model, CMIP6, HighResMIP

1. Introduction

In this project, we are challenging reliable projection of
tropical cyclones in future climate, motivated by both the
social demands and scientific interests. To this end, a series
of climate simulations were carried out using a high
resolution global non-hydrostatic atmospheric model
NICAM [1-3] under the protocol of CMIP6 HighResMIP
(High resolution model intercomparison project) [4]. The
tropical cyclones in the historical simulations were
evaluated in the FY2019 report. Here, we show future
projection of the tropical cyclones with 56-14 km mesh
NICAM.
2. Method

Details of the NICAM used in this study are described in [5].
The historical and future climate simulations were performed for
1950-2050 with 56-km and 28-km mesh NICAM, and 1950s,
2000s, and 2040s with 14-km mesh NICAM. Hereafter, the
analysis period for the present and future climate is 1990-2014
and 2025-2049 for the 56-28 km mesh runs and 2000-2009 and
2040-2049 for the 14 km mesh runs, respectively. The sea surface
temperature in the future climate were obtained from CMIP5
multi-model ensemble mean [6]. Some of the data are or will be
available on ESGF (https://esgf-node.llnl.gov/projects/cmip6/)
through Data Integration and Analysis System (DIAS). Also see

http://nicamdata.jamstec.go.jp/cmip6/ for information on

accessing the entire simulation data. The tropical cyclones were
detected and tracked based on the mean sea level pressure. The
algorithm is same as [7] except for an update of some parameters.

3. Results

Fig. 1 shows the annual number of the tropical cyclone genesis
for the entire globe in the present and future climate. The genesis
number is expected to decrease in the future climate regardless of

a)Globe

| s

Fig. 1 Box plot of the annual global genesis number of the
tropical cyclones in the present (shaded) and future (hatched)
climate simulations with 56-km (red), 28-km (green) and 14-
km mesh NICAM.
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Fig.2 Same as Fig. 1 but for each ocean basin.

the horizontal resolution. This result is consistent with the
previous studies [7, 8], and we are discussing its mechanisms in
terms of the tropical cyclone seeds [9].

Fig. 2 shows regional number of tropical cyclone genesis.
Most of the decrease in the global genesis number is attributed to
the decrease in the northwestern Pacific and the south Pacific.
The changes are not clear in other ocean basin in association with
large interannual variability and/or resolution dependency.

We also analyzed the intense tropical cyclones and found an
increase in the global number of intense tropical cyclone genesis
(not shown). Albeit noisier, the number of intense tropical
cyclones around Japan is expected to decrease slightly and the
size of the intense tropical cyclones is expected to increase
slightly. Because of its large interannual variability, increasing
integration period and ensemble number as well as enhancing
resolution is necessary to project intense tropical cyclones on a

regional scale.

Acknowledgement

This study was supported by the Environment Research and
Technology Development Fund (JPMEERF20172R01) of the
Environmental Restoration and Conservation Agency of Japan
(ERCA) and the Integrated Research Program for Advancing
Climate Models (TOUGOU) (JPMXDO0717935457) and the
FLAGSHIP2020 project within the priority study4, of the

Ministry of Education, Culture, Sports, Science and Technology
(MEXT) of Japan.

References

[1] Tomita, H. and M. Satoh, “A new dynamical framework of
nonhydrostatic global model using the icosahedral grid”, Fluid
Dyn. Res., vol.34, no.6, pp.357-400, June 2004.

[2] Satoh, M., T. Matsuno, H. Tomita, H. Miura, T. Nasuno, and
S. Iga, “Nonhydrostatic icosahedral atmospheric model
(NICAM) for global cloud resolving simulations”, J. Comput.
Phys., vol.227, no.7, pp.3486-3514, March 2008.

[3] Satoh, M. and Coauthors, “The non-hydrostatic icosahedral
atmospheric model: Description and development”, Prog. Earth
Planet. Sci., 1:18, December 2014.

[4] Haarsma, R. J., and Coauthors, “High Resolution Model
Intercomparison Project (HighResMIP v1.0) for CMIP6”,
Geosci. Model Dev., vol.9, no.11, pp.4185-4208, November
2016.

[5] Kodama, C., T. Ohno, T. Seiki, H. Yashiro, A. T. Noda, M.
Nakano, Y. Yamada, W. Roh, M. Satoh, T. Nitta, D. Goto, H.
Miura, T. Nasuno, T. Miyakawa, Y.-W. Chen, and M. Sugi, “The
non-hydrostatic global atmospheric model for CMIP6
HighResMIP simulations (NICAM16-S): Experimental design,
model description, and sensitivity experiments”, Geosci. Model
Dev. Discuss., doi:10.5194/gmd-2019-369, April 2020.

-17-6



[6] Kennedy, J., Titchner, H., Rayner, N. and Roberts, M.,
“input4MIPs.CMIP6.HighResMIPMOHC.MOHC-
highresSST-future-1-0-17, Version 20190215.,
doi:10.22033/ESGF/input4MIPs.10361, 2019.

[7] Yamada, Y., M. Satoh, M. Sugi, C. Kodama, A. T. Noda, M.
Nakano, and T. Nasuno, “Response of tropical cyclone activity
and structure to global warming in a high-resolution global
nonhydrostatic model”, J. Clim., vol.30, no.23, pp.9703-9724,
2017.

[8] Christensen, J.H. and Coauthors, “Climate Phenomena and
their Relevance for Future Regional Climate Change”, In:
Climate Change 2013: The Physical Science Basis. Contribution
of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, pp.1217-1308,
2013.

[9] Yamada, Y., C. Kodama, M. Satoh, M. Sugi, M. J. Roberts, R.
Mizuta, A. T. Noda, T. Nasuno, M. Nakano and P. L. Vidale,
“Evaluation of the contribution of tropical cyclone seeds to
changes in tropical cyclone frequency due to global warming in
high-resolution multi-model ensemble simulations”, Prog. In
Earth Planet. Sci, under revision.

-17-7

- Earth Simulator JAMSTEC Proposed Project





