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A project “Global 7-km mesh Nonhydrostatic Model Intercomparison Project for Improving Typhoon Forecast” (TYMIP-G7)
aims at the improvement of 5-day tropical cyclone (TC) track and intensity forecasts. Through the second term from June 2015
to March 2016, we performed 85 runs for 13 TC cases in total on the Earth Simulator, Japan Agency for Marine-Earth Science
and Technology (JAMSTEC) using the following three 7-km mesh global atmospheric models, the nonhydrostatic global
spectral atmospheric model using Double Fourier Series (DFSM), Multi-Scale Simulator for the Geoenvironment (MSSG), and
Nonhydrostatic ICosahedral Atmospheric Model (NICAM) as well as a 20-km mesh hydrostatic Global Spectral atmospheric Model
(GSM). In the third term, we performed some additional sensitivity experiments on different cumulus and cloud schemes as well as
a few 18-day forecast experiments on the investigation of model inter-comparison. DFSM with different cumulus and cloud schemes
led to the improvement of TC intensity forecasts as well as a better representation of precipitation distribution around the TC. The
18-day forecast experiments indicate that the coupling of cumulus convection with atmospheric environmental circulation differs

between the three models.

Keywords: Numerical Weather Prediction, Global Atmospheric Model, Tropical Cyclone, Model Intercomparison

1. Introduction 2. Experimental design

The main objective of the project “Global 7-km mesh The first term of the project focus on the TC season in the
Nonhydrostatic Model Intercomparison Project for Improving western North Pacific from September to October in 2013,
Typhoon Forecast” (TYMIP-G7) is to statistically quantify and while the second term addressed a lifecycle of a TC in addition
understand the advantage of high-resolution global atmospheric to Madden-Julian Oscillation (MJO) and Boreal Summer
models on the improvement of 5-day tropical cyclone (TC) track Intraseasonal Oscillation (BSISO), which is closely related
and intensity forecasts, aiming to improve 5-day TC track and to TC genesis. We examined 13 TCs in 85 runs during the
intensity forecasts. Based on the statistical evaluation obtained second term in addition to nine TCs in 52 runs during the
from the previous study, some additional sensitivity experiments first term (Nakano et al. [2]). In the third term, we performed
on different cumulus and cloud schemes are conducted with the some additional sensitivity experiments to clarify the source
following three 7-km mesh nonhydrostatic atmospheric models of forecast biases and reduce them with some improved
(DFSM, MSSG, and NICAM). physics scheme. In addition, 18-day forecast experiments

Table 1 List of the initial time 18 days forecast experiments for the third term of TYMIP-G7

Seq. # of cases Initial time (0000UTC) Related typhoons and tropical phenomena
1-3 2015/6/23,2015/6/25, 2015/6/27 BSISO, Chan-hom
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were performed by the three model with different three initial
conditions (Table 1) to make intercomparison between the three
models with the focus on BSISO and TC genesis.

3. Results
3.1 Improvement of the low bias of TC central
pressure in DFSM

In the first and second terms, the Arakawa-Schubert cumulus
scheme and the Smith cloud scheme were used in DFSM (see
Nakano et al. [2]). In the third term, the experiments using the
DFSM with different cumulus and cloud schemes from the
original DFSM were performed for TCs. In the modified DFSM,
the Yoshimura cumulus scheme (Yoshimura et al. 2015 [8])
and the Tiedtke cloud scheme (Tiedtke 1993 [6]) are used. In
addition, the upper limit of evaporation cooling of precipitation
is removed in the cloud scheme. Fig. 1 shows the result of 24
simulations performed by the modified DFSM. The bias of the
central pressure simulated by the original DFSM became low in

the modified DFSM so that TC intensity forecast was improved.

3.2 Improvement of unnatural precipitation distribution
in DFSM

The Yoshimura cumulus scheme was further improved

based on the modified DFSM described in section 3.1. It was

modified so that the entrainment would be enhanced when

the air is dry and shallow cumulus is likely to occur instead
of when the horizontal convergence is large. To see the effect
of the improvement of the Yoshimura cumulus scheme on
the precipitation distribution, Fig. 2 shows the horizontal
distribution of hourly precipitation at 05 UTC on 13 October
2013 that was simulated initialized at 12 UTC 10 October
2013. Precipitation analysis derived from GSMaP (Aonashi et
al. 2009 [1]) (left) shows an asymmetric rainfall pattern with a
spiral rainband southeast from the TC center and broad distant
rainbands northeast from the TC center. Unnatural striped
precipitation patterns were found southeast from the TC center
simulated by the modified DFSM without any improvements
of the Yoshimura cumulus scheme (middle). After the
improvement (right), the precipitation pattern became more
realistic compared with the pattern simulated by the modified

DFSM without the improvements.

3.3 Sensitivity tests for better prediction performance
of NICAM

In the experiments using NICAM, we have used a
single moment bulk cloud microphysics scheme (NSW6)
proposed by Tomita (2008)[7] for about 10 years. Recently,
NSW6 was improved by Roh and Satoh (2014)[3] based on
satellite observations. In addition, a double moment bulk

cloud microphysics scheme (NDW6) were developed and

of FT=6-24

10007 CVTROEE | Fr=30-48
§ 9807 TR | FT=54-72
g 9607 s R F1=78-95
LT v Y FT=102-120
g 9204 it A "y i 3o
g’. 900 1 .j:' ‘i : .
£ 880 Y JEPe.
8 8604, 860 DFS_Jdk y

860 880 900 920 '940-960 980 1000 860 880 900 920 940-960 9801000
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Fig. 1 Left panel shows a scatter diagram on the relation of RSMC best-track central pressure to center pressure forecast by the original DFSM with

AS cumulus scheme and Smith cloud scheme and the modified DFSM with the original Yoshimura cumulus scheme and the Tiedtke cloud

scheme. The red circle shows over-intensification in the original DFSM and the improvement in the modified DFSM.
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Fig. 2 Hourly precipitation patterns (mm/day) at 05SUTC October 13 in 2013 (a) derived from GSMap, (b) calculated by the DFSM with the original
Yoshimura scheme and (c) calculated by the DFSM with the revised Yoshimura scheme (right). The forecast was initiated from 12UTC

October 10 in2013.
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implemented by Seiki et al. (2014) [4]. Because convection is
a primary component of tropical cyclones, sophistication of
cloud microphysics is considered to lead to improvement of
forecast results. Moreover, Seiki et al. (2015) [5] pointed out
that high vertical resolution (dz < 400m) is needed to represent
cirrus clouds in the model. Therefore, the increase of the
vertical resolution is considered to improve the forecasts though
sophisticated cloud-radiation processes. In the third term, we
have been performing some additional sensitivity experiments

by changing cloud microphysics and vertical resolution.

3.4 Sensitivity tests for better prediction performance
of MSSG

During the first term of this project, we substantially
improved TC forecasts performed by MSSG by changing a
surface flux scheme. Now, we have continued the investigation
of the sensitivity of the forecasts to surface flux processes on
the performance of MSSG. In the third term, we conducted TC
forecasts with different ocean surface flux schemes: One is a
conventional model and the other is new model that provides
different dependency on high wind speeds. We have confirmed
that the ocean surface flux schemes have a substantial impact
on the TC forecasts by MSSG. We have been investigating the

results now.

3.5 Model inter-comparison on TCs generation with
18-day forecasts

To examine the predictability of TC genesis, we performed
18-day simulations initialized at 00 UTC 23 June in 2015 using
the three 7-km mesh nonhydrostatic atmospheric models. Fig. 3
shows the BSISO diagram: the radial axis shows the amplitude
and the azimuth axis shows the position of convection center.
The simulated amplitude became smaller than the observation in
the three 7-km mesh models in the later period of forecast time.
The simulated phase was slower [a bit faster] in the NICAM
(blue) and MSSG (green), [DFSM (red)]. Fig. 4 shows simulated
sea-level pressure and accumulated 1-day precipitation at 00
UTC 3 June (10-day after the initial date). Active convective
phase of BSISO and its related TC genesis were simulated in the
three 7-km mesh models.

We also executed simulations for different initial dates (25
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Fig. 3 BSISO diagram on 18-day forecasts. Initial time: 23 June in
2015. Colors indicate the prediction with NICAM (blue), MSSG
(green), and DFSM (red). Black line denotes the analysis based
on observations.

and 27 June 2015). In DFSM and GSM, enhancement tended
to be delayed in the equatorial western region that provided a
background environment for TC genesis by BSISO. Meanwhile,
the enhancement was robust in MSSG and NICAM. DFSM with
initial conditions at an earlier initial date was unable to capture
the occurrence of successive TC genesis. MSSG, on the other
hand, tended to develop multiple TCs immediately. The reasons
for such tight (weak) coupling of cumulus convection with
atmospheric environmental circulation in MSSG and NICAM
(DFSM and GSM) need to be further examined in view of the

physical processes and their modeling.

4. Conclusions and future works

Major results in the third term are as follows:

(1) A peer review paper has been published (Nakano et

al.[2]).

(2) The cumulus and cloud schemes were improved
from the original schemes in DFSM. We performed
some additional sensitivity experiments for 24 TCs.
The experiments with the modified DFSM showed
better predictions on TC intensity and more realistic
precipitation pattern than those with the original DFSM.
(3) 18-day forecast experiments were performed by the

three model with different three initial conditions. All
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e __~1Be

Fig. 4 Simulated sea-level pressure in hPa (contours) and one-day preceded precipitation in mm/day (shade) on 3 July in 2015. Initial time: 23 June in

2015.
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the models well simulated the eastward propagation of
convection system. In addition, all the models were able
to capture TCs genesis although specific biases were
found in some model.

Further investigation on the sensitivity experiments is needed
to improve the model in view of the physical processes and their
modeling. In addition, long-term integration experiments should
be conducted to forecast a lifecycle of TCs from the genesis to

the transition to the extratropical cyclone.
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