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We performed a series of historical simulations using an updated global non-hydrostatic atmospheric model, NICAM, under
a protocol of CMIP6 HighResMIP. The simulations were performed for 1950-2014 (65 years) with 56 km and 28 km mesh
model and for 1950-1960 (11 years) with 14 km mesh model. The results show that an overall performance in simulating the
genesis number of tropical cyclones is improved as the horizontal mesh size is finer. We also found better performance in the
simulated basic state compared with that simulated by the previous version model, consistent with the better performance in
the simulated tropical cyclones in this study. The simulation data are available under the framework of CMIP6.

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

() o Global

1. Introduction

Future projection of tropical cyclone (TC) is of great social
concern because of its high risks causing natural disasters
including high wind, storm surge, and intense rainfall. In
addition, several scientific questions regarding TC remain, for
example, mechanisms of cyclogenesis and rapid .
intensification and role of TC in climate system.

These social and scientific needs motivate us to run global 56km 28km 14km
non-hydrostatic atmospheric model for a climate scale that 19502015 1950-2015 Rie 1950-1960
has a mesh size fine enough to represent intensity and resolve (b) 1040
structure of the TCs. In the past, we had performed 1029°] | Do davam{1950-1960)
present-day and future climate simulations using 14 km mesh ooo-bi gt i 17
NICAM [1-3] and investigated future change in TC activity i
(e.g. [4]). NICAM has been upgraded and improved (e.g. [5,
6]) since then, and now it is ready for CMIP6 (Coupled model
intercomparison project) HighResMIP (High resolution model
intercomparison project [8]).

In this project, a series of historical simulations using the
updated NICAM with different horizontal mesh size under a
HighResMIP protocol were performed. Simulated
performance of the TC activity is briefly introduced here.
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Fig. 1 (a) Boxplot of the global genesis number of the
tropical cyclones for each horizontal mesh run and

2. Method observational data (IBTrACS [11]). (b) Relationship

We used NICAM16-S [7], a minor version of NICAM.16
(NICAM released in 2016) for CMIP6. Details of the model
configurations are described in [7]. Major updates from

between maximum surface windspeed and minimum
central pressure. Black curve is obtained based on the
observation [12].
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Fig.2 Same as Figure 1a but for each ocean basin.

NICAM.12, a previous version used in the climate simulation
[9], include an update of a cloud microphysics scheme [5, 6]
and an introduction of orographic gravity wave drag scheme,
aerosols forcings, and wetland scheme in a land model [10].
The sea surface temperature and sea ice concentration were
fixed to the observed variation. The simulations were started
from 1 January 1950 and continued for 65 years with 56 and
28 km mesh model and for 11 years with 14 km mesh model.
The data are available on ESGF
(https:/fesgf-node.linl.gov/projects/cmip6/)  through  Data
Integration and Analysis System (DIAS).

Detection and tracking algorithms of TCs [4] were applied
to the simulated latitude-longitude gridded data. Specifically,
minima of mean sea level pressure were detected and tracked,
and criteria of maximum surface windspeed, low-level
vorticity, warm core, and lifetime were used to distinguish
TCs from non-TCs. These criteria were same as [4] except
that the warm core criterion was changed to obtain realistic
genesis number of TCs from different horizontal mesh
simulations.

3. Result

Figs. 1a and 2 show global and regional genesis number of
TCs. The global genesis number of TCs is comparable with
that observed, and it does not strongly depend on the
horizontal mesh size of the model. Regionally, the model with
finer mesh size tends to better simulate the observed number
of TC genesis except for the Indian ocean. Note that the
genesis number of weak TCs strongly depends on the tracking
method, and use of the criteria that are exactly same as [4]
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leads to an overestimation of the TC genesis in the runs with
coarser mesh model.

Fig. 2b shows the relationship between maximum surface
windspeed and minimum central pressure. TC windspeed for
a minimum central pressure is increased and approached to
the observed curve as the mesh size is finer, indicating the
better representation of the horizontal structure of the TCs. It
is still difficult to simulate very strong windspeed even in the
14 km mesh simulation, suggesting needs to enhance
resolution as well as to reconsider model configuration such
as surface process in the model. We also found better
performance in the simulated basic state compared with that
simulated in NICAM.12 (not shown).
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