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A. Preface

This technical report describes activities by the Meteorological Research Institute (MRI) for the
research project “International Research for Prevention and Mitigation of Meteorological Disasters in
Southeast Asia”, conducted in cooperation with Kyoto University and research institutions in
Southeast Asia. This project was proposed by Professor Shigeo Yoden of Kyoto University, and was
endorsed in 2007 by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) as
one of the research projects in the Asia S & T Strategic Cooperation Program, supported by the
Special Coordination Funds for Promoting Science and Technology from fiscal years 2007 to 2009.
The main purposes of the project were to strengthen collaboration in atmospheric science research in
Southeast Asia and to show the feasibility of disaster mitigation by numerical weather prediction
(NWP) through development of a unified data base and a decision support system.

As described in Section B-1, the three main participants of this project were Kyoto University,
MRI, and Institut Technologi Bandung (ITB) in Indonesia. MRI also collaborated with Nanyang
Technological University (NTU) of Singapore, Vietnam National University of Hanoi (VNU), the
Council of Scientific & Industrial Research Centre for Mathematical Modelling and Computer
Simulation (CSIR C-MMACS) of India, and the Hong Kong Observatory (HKO). As a major
participating institution in Japan, MRI conducted operational model development, described in Section
B-2.

We thank many people for their help in making possible our participation in the project. In
particular, we are grateful to Dr. T. Nishigaki and Mr. S. Ogawa of Japan Science and Technology
Agency (JST), whose help was indispensable. We appreciate Ms. F. Furutani of Kyoto University for
her assistance in the project and preparation of manuscripts for this technical report. We also thank
Associate Prof. T. Hadi of ITB, and Prof. T. Awaji, Prof. T. Tsuda, Prof. T. Satomura, Prof. H.
Ishikawa and Associate Prof. T. Takemi of Kyoto University for their suggestions and help throughout
this research project. Mr. N. Kohno contributed to the storm surge simulations described in Sections
D-1, D-3, and D-8. We also thank coauthors, Mr. K. Bessho and Mr. Y. Honda of JMA, Dr. T.
Nakazawa of the World Meteorological Organization (WMO), and Mr. K. Sawada of the
Meteorological College for Section D-8, Mr. S.T. Lai of HKO and Mr. S. Sumdin of the Thai
Meteorological Department for Section D-9, Dr. P. Goswami of CSIR for Section C-9, and Dr. C.-K.
Teo of NTU for Section E-1. We extend thanks to Ms. M. Murazaki, Dr. T. Tsuyuki and Dr. Y.
Yamada of MRI, and Dr. C.F. Lo of NTU, for their review comments on the manuscript.

This report describes only a part of the activities relating to MRI’s participation in this research
project. A review paper on the project has been published in Tenki, the Bulletin of the Meteorological
Society of Japan (Yoden et al., 2008), and a detailed achievement report in Japanese on the activities
of the project has been uploaded on the JST website (see Section 1-3).

The report is organized as follows. Section B presents an overview of the project. Section C
reports downscaling numerical experiments in Southeast Asia and verifications. Section D presents
numerical experiments for tropical cyclones, including forecast/data assimilation experiments for
cyclone Nargis, which hit southern Myanmar in May 2008. Section E covers observations and NWP in
Southeast Asia. Section F presents the experimental development of a decision support system for

prevention and mitigation of meteorological disasters based on ensemble NWP data. Section G
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discusses the international partnerships in the project. Section I, the appendix, includes newsletters,
users’ guide to the decision support tool, and links to related published papers.

Sections B-1, G-1 and G-2-1 were written mainly by Yoden; Sections D-1 and D-2 by Kuroda;
Sections C-1, C-2 and E-3 by Hayashi; Sections C-3 and C4 by Seko; Section D-4 by Kunii; Section
D-5 by Shoji; Sections D-6 and D-7 by Ueno; Section D-8 by Kawabata; Sections D-9 and E-2 by
Wong; Sections F-1, G-3 and [-2 by Otsuka; Section C-5 by Koseki; Section C-6 by Duc and Xin;
Section C-7 by Trilaksono; Section C-8 by Gouda; and Section E-1 by Koh. Other sections were

written mainly by Saito.
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B. Overview
B-1. Overview of the project1

The potential risk of high-impact weather in Southeast Asia is increasing because of economic
development and urbanization. Global warming and other types of climate change may become
another factor that increases the risk. The change in the research environment due to the rapid growth
of computer power and Internet infrastructure has enabled us to start an international research project
for prevention and mitigation of meteorological disasters in Southeast Asia. Regional mesoscale
models now can be run on personal computers to perform downscaling numerical weather prediction
(NWP). Data transfer on the Internet has become fast enough to perform near-real-time NWPs.
Making use of the probability information obtained by ensemble NWPs is a challenge for the
development of decision support tools, and assessments of the impact of new observational data on the

improvement of NWPs with advanced data assimilation schemes are also an important topic.

[ Research Groups ]

(1) Fundamental Research and System Development
Kyoto University

® downscale NWP experiments
@ advanced data assimilation schemes
® assessments of the impact of new. observatlonal data on NWPs

for Preveqntion and Mi gatlon of
Meteorolo

(2) Operati (3) me Experiment
Development ITB and others
MRI/IJMA ® near-real time downscale NWPs in SE
® improvement of the JMA NHM Asia ,
@ international collaborations on NHMs  k—| @ international collaboration center based
® data assimilation in the tropics on ITB

Fig. B-1-1. Three institutes and their roles in the IRPMMDSA project.

In 2007, we started the project “International Research for Prevention and Mitigation of
Meteorological Disasters in Southeast Asia (IRPMMDSA)” under the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) Special Coordination Funds for Promoting Science and
Technology, supported for fiscal years 2007-2009 by the Asia S & T Strategic Cooperation Program
(http://www-mete. kugi.kyoto-u.ac.jp/project/ MEXT/). This project addressed three main subjects:

1 S. Yoden and S. Otsuka
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(1)  Experimental downscale NWP in the tropics with regional mesoscale models
(2)  Assessments of the impact of new observational data on NWPs with advanced data
assimilation schemes
(3) Development of a unified database and decision support system for prevention and
mitigation of meteorological disasters
The three main participants in this international research project were Kyoto University,
Meteorological Research Institute (MRI) of the Japan Meteorological Agency (JMA), and Institut
Technologi Bandung (ITB) in Indonesia. Figure B-1-1 shows the roles of the participants of this
project. Fundamental research and system development was conducted at Kyoto University, and
operational model development was conducted at MRI/JMA. Real-time experiments were performed
at ITB and other institutes in Hong Kong, India, Singapore, and Vietnam. Our main purpose was to
establish the international scientist-network for prevention and mitigation of meteorological disasters
in Southeast Asia through research and development of downscaling NWP systems and by holding

annual international workshops.
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B-2. Overview of MRI’s contribution’

As a major participating institution in Japan, MRI was responsible for NWP model development
and application. This task consisted of three components:

(1) Refinement of the JMA nonhydrostatic model (NHM) and development of mesoscale ensemble
prediction techniques for tropical areas

(2) Preparation of tools for numerical experimentations using NHM and collaborative studies to
share information on tropical NWP

(3) Development of data assimilation systems in tropical areas and refinement of initialization
schemes for tropical cyclones

In the first component, to apply NHM to research on prediction of disastrous meteorological
phenomena in the tropics, case studies were conducted with downscale prediction (Sections C-3 and
C-4) and statistical verifications of forecast accuracy including intercomparison of NHM and the
Weather Research Forecasting (WRF) model (Sections C-1 and C-2). A mesoscale ensemble
prediction technique for tropical cyclones also was developed.

In the second component, tools were prepared for numerical experimentations with NHM using the
JMA global analysis, the global model forecast, and the JMA one-week global ensemble forecast
(Section E-3). An English tutorial on the use of NHM tools was uploaded on the MRI’s project website
(Section G-5). Exchanges of information and mutual visits of researchers (Section G-3) were
conducted in addition to participation in international workshops (Section G-1) organized by Kyoto
University.

In May 2008, cyclone Nargis hit southern Myanmar and claimed more than 100,000 lives there in
one of the largest meteorological disasters in Southeast Asia, mainly due to the storm surge. We
conducted numerical modeling studies of this event. First, we conducted a downscale forecast
experiment using NHM with a horizontal resolution of 10 km, employing the JMA global analysis and
the global model forecast as the initial and boundary conditions. The track and the rapid development
of Nargis were predicted, and the predictability of Nargis’ storm surge with a lead time of two days
was demonstrated (Section D-1). Next, we developed a mesoscale ensemble prediction system using
NHM in the tropics that employs perturbations from the JMA one-week global ensemble forecast, and
conducted ensemble predictions of the storm surge considering uncertainty in the forecast of Nargis’
track and intensity (Section D-3). Results of this ensemble forecast were used as input data for the
decision support system developed by Kyoto University (Section F-1).

In the third component, we conducted data assimilation experiments by modifying the JIMA Meso
4D-VAR system to apply to tropical areas. A tropical cyclone (TC) bogus procedure was developed for
the Bay of Bengal, and the impact on TC forecasts was investigated (Section D-4). Near real time
analysis of precipitable water vapor using the international ground based GPS network around the Bay
of Bengal was performed to show its positive impact on the Nargis forecast (Section D-5). A trial of

assimilation of QuikSCAT Sea Winds data by the local ensemble transform Kalman filter was also

1 K. Saito
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conducted (Section D-2). Sections D-6 and D-7 describe studies on structures of TC relating to bogus
techniques. Similar to the Nargis case, the largest meteorological disaster in Japan resulted from the
storm surge of Typhoon Vera in 1959. A reanalysis experiment on Vera using a nonhydrostatic
mesoscale 4D-VAR system, conducted in a special research project of JMA (ReVera), is described in
Section D-8 for reference.

The researchers’ network is a valuable achievement of our project. Collaborations among MRI,

Kyoto University and institutions in Southeast Asia are continuing after the project period.
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C-1. Statistical verification of short range forecasts by NHM and WRF-ARW with
coarse resolution’
C-1-1. Introduction

In Southeast Asian countries, meteorological disasters (e.g. heavy rainfall, floods, windstorms)
frequently occur, causing severe damages. To reduce such meteorological disasters, NHM is used as a
community model in the NWP system for predicting the occurrence of severe meteorological
phenomena. To apply NHM to NWP in Southeast Asia, the verification of its forecast accuracy in the
tropics is important. We selected 20 km as the horizontal resolution to reduce the lateral boundary
nesting gap for the global data (about 100km resolution). In addition, verifications with WRF-ARW
(Skamarock et al. 2005; hereafter WRF) were conducted using the same conditions and domains in
order to check the performance of NHM relative to WRF.

In this section, the coarse resolution (20 km) results are documented. The fine resolution (5 km)

results with 1-way nesting from 20 km results are described in the next section (C-2).

C-1-2. Model description and design of Table C-1-1. Model descriptions.

experiments After Hayashi et al. (2008)

The same domain size, the same horizontal NHM ver 2008-Aug-20 | WRF-ARW ver.221

1560 x 150 grid in horizontal and 40 layer in vertical
20km in horizontal resolution
model top height = 22km (about 45 hPa)
(vertical coordinate: NHM = z-star, WRF = n)

resolution, the same model top height and the

Domain size and
ferecast hour

same time step are used to ensure a fair
comparison. Initial and boundary conditions are
taken from the global forecast system of the
National Centers for Environmental Prediction
(NCEP-GFS) every 3 hours.

The model specifications and parameters
settings in the experiments use the recommended
(default) values without tuning (Tab. C-1-1). The
same settings in each model are applied to two

regions, Japan and Southeast Asia.

forecast hour = 38hour {dt = 75sec, 1728 steps)

Initial / Boundary
conditions

NCEP-GFS forecast 00UTC, 0-36 hr. (every 3 hr},
1 x 1 degree horizontal resclution

cloud microphysics

B-class bulk microphysics

3-class with simple ice

cumulus
parameterization

Kain-Fritsch scheme
{not exactly the same)

RRTM for longwave

radiation .
1l GSM0412 scheme Dudhia for shortwave
Improved
boundary | h¢ h
Experimental oundary fayer Mellor-Yamada Lv. 3 SU scnems
settings Thermal diffusion scheme | Thermal diffusion scheme
land surface
(4-layer) (5-layer)
lateral(L) and L: Rayleigh damping {200km) | L: specified boundary(100km)
upper{U) boundary | U: Rayleigh damping (7km) U: no damping

full formulations

Saito et al. {2007)

Skamarock et al, (2005)

parameter file
for whole settings
in the experiments

Nhmv/Ss/RF20km/icst. sh

WRFV2hestem_realf
namelist.input

Using these recommended namelists without tuning

Two simulation periods are selected. One is 15 days from 1 to 15 July 2007, which is the rainy
season in Japan and the dry season in Java Island, Indonesia. Another period is 15 days from 1 to 15
January 2008, which is the winter heavy snow season in Japan and the rainy season in Java Island.
Simulations for 1.5-day (36 hours) forecasts are conducted from 00 UTC for 15 days and latter 24

hours results are verified.

C-1-3. Statistical verification results
Figures C-1-1a~c indicate the continuous 15 day accumulated precipitation around Japan in July

2007. The observed precipitation area by passive microwave satellites (Fig. C-1-1a), corresponding to

' 'S. Hayashi
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the Baiu-front in south Japan, is well reproduced by the models (Figs. C-1-1b and c). In contrast, the
precipitation over the western part of Japan and the Sea of Japan are overestimated in the models.

Figures C-1-1d~f are the same as Figs. C-1-la~c except for January 2008. In this period, the
heavy snowfall was retrieved over northwestern coast of the main Island of Japan. CMORPH (Fig. C-
1-1d), however, does not yield an exact snowfall precipitation amount for Japan's main island, because
snow and ice on a surface cannot be distinguished from frozen hydrometeors by the present
precipitation estimation algorithm of CMORPH. Compared with surface observation (AMeDAS), the
heavy snow fall was found to be well reproduced (figure not shown).

Figures C-1-1g~i are the same as Figs. C-1-1a~c, but for July 2007 over the maritime continent.
This period correspond to the dry season in the Java Island. Both models reproduce the dry climate on
Java Island well (Figs. C-1-1h and i). However, the predicted precipitation is overestimated in the
northern part of the domain, especially near the north boundary of the WRF result (the edge regions of
300 km width are excluded from the statistical verification).

Figures C-1-1j~1 are the same as Figs. C-1-1d~f except for Southeast Asia. The accumulated
precipitation over the sea is overestimated in both models (Figs. C-1-1k and 1). In addition, WRF
results in excessive precipitation over the Borneo Island.

Figures C-1-2a~d show the threat scores for 3-hour precipitation against CMORPH or AMeDAS.
A 40 km verification grid size were used in order to avoid the differences between the map projections
of CMORPH and the models. The threat scores for both models in July over Japan are 0.27 at 1 mm /
3 hours for CMORPH (Fig. C-1-2a). This value is not far from that of JMA's operational mesoscale
model (MSM; the horizontal resolution is S5km). Figure C-1-2b shows the threat score for the
wintertime in Japan. The threat scores for two models against CMORPH are less than half of those for
July 2007 over Japan. Meanwhile, the deteriorations in the threat scores for the models against
AMeDAS were smaller than those against CMORPH. Therefore, the decreasing scores against
CMORPH are not caused by the models but by snow on a land surface. The threat scores for both
models over Southeast Asia are 0.12-0.14 at 1 mm / 3-hours (Figs. C-1-2¢,d), which are about half of
the scores in July 2007 over Japan.

In our results, the accuracy of both forecast models around Southeast Asia was worse than
that of the forecast for the rainy season in Japan. One of the reasons is that precipitation in the rainy
season in Japan is caused by a mid-latitude synoptic disturbance, while tropical precipitation is mainly
caused by convection. Other causes may be in the initial and boundary conditions and / or the physical
processes of the two models. The accuracy of current global models of coarser grid resolutions may be
insufficient for forecasting precipitation in the tropics. In addition, both of the mesoscale models may
have some problems or unsuitable settings for forecasting tropical precipitation. We need to obtain

more accurate statistical verification of the models.
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Fig. C-1-1.

(a, b, ¢,): 15 days accumulated
precipitation from 1 to 15 July
2007  around  Japan. (a)
CMORPH, (b) NHM, (c) WRF,

(d, e, f): Same as (a, b, c,)
except from 1 to 15 January
2008,

(g, h, 1): Same as (a, b, c) except
around Southeast Asia,

G, k, 1): Same as (g, h, 1) except
from 1 to 15 January 2008,

After Hayashi et al. (2008).
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Fig. C-1-2. 3-hour precipitation threat scores, (a) from 1 to 15 July 2007 (b) from 1 to 15 January
2008 around Japan, and (c, d) same as (a, b) except around Southeast Asia. Solid lines show
scores against CMORPH and dashed lines show scores against AMeDAS in (a) and (b). After

Hayashi et al. (2008).
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C-2. Statistical verification of short-range forecasts by the NHM and WRF-ARW models
with fine resolution’
C-2-1. Introduction

As described in Section C-1, the NWP accuracy over Southeast Asia by models of 20-km
horizontal resolution (JMA’s nonhydrostatic model NHM and Weather Research Forecasting model
WRF-ARW) was worse than that over Japan. We conducted fine-resolution experiments to investigate

how forecast accuracy improves by using 5-km horizontal resolution.

C-2-2. Model description and design of experiments

Almost the same settings as listed in Table C-1-1 were used (Table C-2-1). The domain size of the
20-km models was slightly expanded from that in section C-1 to avoid the influence of the lateral
boundaries on the 5-km model. We updated both models to their latest versions (NHM ver. 3.1 and
WRF-ARW ver. 3.1.1) and updated their default settings (details are described in Section C-2-5). It is
notable that NHM’s default parameter settings employ a six-class bulk cloud microphysics scheme
that predicts number concentrations of cloud ice.

For the Southeast Asia region, 30-hour forecasts from 0600 UTC on each of 31 days in January
2008 were conducted with a 5-km horizontal resolution nested into the 20-km model forecasts with
initial times of 0000 UTC. For the Japan region, similar 24-hour forecasts were conducted for July

2007 and analyzed at both resolutions.

C-2-3. Statistical verification results Table C-2-1. Model descriptions.

Figures C-2-1 presents the horizontal

NHM vi.l WRF-ARW 3 1.1

distribution of the 31 days of accumulated |
ks pemolution i horeonts]
Thm res e N hareeats

op 2 2km {abaut 45 hPa)
i

(k]
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Ix1 degres horizontal resolution, 24 P-levels
the satellite observations (Fig. C-2-2a), the el T o ps o WREV3 est/en_resd
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reproduced the location and precipitation of
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amounts were overestimated on the south

side of the Japanese Islands compared with
CMORPH observations.
Both 5-km models represented detailed precipitation distributions. Figure C-2-1d shows the 1-km

grid radar precipitation amounts calibrated by surface rain gauges (called Radar-AMeDAS, hereafter

' S. Hayashi
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R-A). The R-A precipitation data have better resolution and more accurate amounts for the Japanese
Islands than the CMORPH data. The topographic influence on precipitations was clearly indicated in
the R-A data, especially on the south side of Kyushu and Shikoku islands, and the Kii Peninsula. Both
the 5-km models well reproduced these details (Fig. C-2-2¢ and f). Over the San-in area, however,
both models overestimated the precipitation. The horizontal spread of the precipitation distribution
from WRF was larger than that of observations, and the results of NHM.

Figures C-2-2 depicts the horizontal distribution of the accumulated precipitation for January
2008 over Southeast Asia from observations and models. Compared with the satellite observation (Fig.
C-2-2a), all the models overestimated precipitation amounts over the almost all domains (Figs. C-2-
2b~e). In particular, WRF-20km over-predicted precipitation over Borneo and Sumatra. Both 5-km
models produced the details of the precipitation distribution, especially the orographic precipitation in
Sumatra by NHM-5km. It is difficult to verify the detailed precipitation distributions because the
resolution of CMORPH data is insufficient to model this fine structure.

To compare CMORPH data against the precipitation models, the equitable threat scores (ETSs)
for the 3-hour precipitation in each 40-km verification grid, in order to avoid the differences from the
map projections and horizontal resolution between CMORPH and the models, are shown in Figures C-
2-3a for Japan C-2-3c for Southeast Asia, and Figure C-2-3b shows the ETS of 3-hour precipitation
against AMeDAS rain gauges for Japan. The ETSs against CMORPH for Japan were the same for both
the 5-km and the 20-km models (Fig. C-2-3a). The ETSs of the 5-km models against AMeDAS,
however, were better than those of the 20-km models (Fig. C-2-3b). In particular, the ETSs of NHM-
Skm were clearly superior for moderate and strong (10 mm and 40 mm) 3-hour precipitations to those
of NHM-20km. The ETSs of the 5-km models for Southeast Asia were slightly better than those of the
20-km models. However, their values were much lower than those for Japan (Fig. C-2-3a).

In addition, we conducted some sensitivity experiments for both Japan and Southeast Asia. First,
NHM-5km and WRF-5km without cumulus parameterization reproduced almost the same
precipitation distribution as the models with cumulus parameterization (figures not shown). Second,
WRF-5km  with the parameter settings by the Developmental Testbed Center
(http://www.dtcenter.org/) also yielded similar results (figures are not shown). Third, both models were
run with a 1.25-km horizontal resolution, but they did not improve upon the 5-km models (figures are

not shown). We intend to future subject to investigate ways to improve forecasts in the tropics.

C-2-4. Summary

We found that models with 5-km resolution produced better forecast than models with 20-km
resolution. The difference was greater for Japan than for Southeast Asia region, and the scores for
Southeast Asia were worse than those for Japan. The accuracy of NHM was better than that of WRF in
these experiments. Better verifications methods using finer scale observations are needed to

investigate ways to improve forecasts in tropics.

_11_
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C-2-5. Supplement on updates in both the models
In this research, NHM was updated from ver. 2.00-MSMO0808 (Section C-1) to ver. 3.1 (release-
candidate), and WRF-ARW was updated from ver. 2.2.1 (Section C-1) to ver. 3.1.1. Updated points are
listed below.
a. NHM updates from ver. 2.00-MSM0808 to ver. 3.1
- Cloud microphysics scheme was changed from a six-class one-moment scheme to six-class
one-moment with cloud-ice two-moment scheme.
- Radiation scheme was updated to implement aerosol monthly climatological value, effective
radius of cloud ice, and emissivity correction for cloud fraction.
- Nonlinear diffusion coefficient was changed. The test of double nested NHM-5km in the
tropics, produced undesirable overestimation of the amount of upper-level clouds (hereafter
CH). Simulated CH from NHM-5km was almost 100 % cloud-amount over the whole model
domain (Fig. C-2-4a). This overestimation led to underestimation of diurnal change of surface
soil/air temperatures through the shortage of short-wave solar radiation.
Sensitivity tests revealed that the overestimation of CH was caused by inappropriate
application of the nonlinear computational diffusion to the number concentration of cloud ice
(hereafter QNCI) (Fig. C-2-4b). In NHM, a third-order nonlinear damping and a fourth-order
linear damping (Eqs. G4-1 and G4-2 in Saito et al. 2001) were employed as the computational
diffusion. The magnitude of the third-order nonlinear damping was set in the NAMELIST
parameter ‘DIFNL’. For two-grid noises of amplitude -a-, the nonlinear damping gives the
equivalent 1/e-folding time DIFNL*At/a when DIFNL > 0, and |DIFNL|/a when DIFNL < 0.
Because QNCI sometimes takes a very large value (on the order of 10°), QNCI is diffused
excessively by application of the nonlinear computational diffusion, yielding overextension of
CH. In the experiment in Section C-2-3, we changed DIFNL from -600 to -2400 to weaken
this nonlinear diffusion.
After NHM ver. 3.2, the nonlinear diffusion is no longer applied to cloud microphysical
quantities except for the mixing ratios of water vapor, cloud water, and cloud ice.

- Some trivial bugs were fixed.

Fig. C-2-4. (a) Simulated upper-level
cloud amount (CH) at FT=6-hour
when nonlinear diffusion is applied
to QNCI. (b) Simulated CH at
FT=6-hour nonlinear diffusion is not
applied to QNCI.

b. WRF-ARW update from ver. 2.2.1 to ver. 3.1.1

- Land surface scheme was changed from thermal diffusion scheme to Noah-LSM

- Upper-level damping coefficient was changed from 0.01 to 0.2.
- A positive definite advection scheme for moist and scalar variables was applied.

- Some trivial bugs were fixed.

_13_
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C-3. Structure of the regional heavy rainfall system that occurred in Mumbai, India on
26 July 2005

Heavy rainfalls frequently occur not only in Japan, but also in other countries, especially in
southeastern or southern Asian countries. According to the Asian Disaster Reduction Center
(ADRC)-Natural Disasters Data Book-2006 (ADRC 2007), the most frequent disasters in member
countries (India, Indonesia, Viet Nam, and 22 other countries) are windstorms and floods. These
phenomena account for 80% of the disasters affecting the population in the Asian and ADRC member
countries.

In this study, the heavy rainfall that occurred at Santa Cruz, a suburb of Mumbai, on 26 July 2005
was investigated. Due to this heavy rainfall, the 24 hour rainfall amount at Santa Cruz reached 944.2
mm (Bohra et al. 2005). The rainfall amount recorded in this event was about a half of the annual
rainfall. Because the heavy rainfall was caused by a regional convective system, we reproduced the
heavy rainfall by the downscale experiments using a non-hydrostatic model with a fine horizontal grid
interval (JMA-NHM; Saito et al. 2006). Probability and formation factors of the heavy rainfall were

also investigated by ensemble forecasts.

C-3-1. Observed features of the heavy rainfall

According to Bohra et al. (2005), the rainfall at Santa Cruz started at 0600 UTC (11.5 India
Standard Time (IST)) on 26 July 2005, and continued for 18 hours (Fig. C-3-1a). The rainfall region
observed by the Tropical Rainfall Measuring Mission (TRMM) satellite revealed that the horizontal
scale of this rainfall event was several tens of kilometers (Fig. C-3-1b). These observed results
indicated that the rainfall system had a long-lasting structure that brought a large quantity of rainfall to
a small region. Figure C-3-1c illustrates the precipitable water vapor (PWV) observed by the Special
Sensor Microwave/ Imager (SSM/I). When the heavy rainfall occurred, a region of large PWV over 60
mm existed just north of the heavy rainfall system. This distribution of PWYV suggested that the heavy

rainfall might have occurred when this humid air was supplied to the rainfall system.

(a) Rainfall amount at Mumbai LA, (b) Rain 26" 17.5-20.5IST (c) PWV  26™ 18.5IST
1000 195N LAT.
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Fig. C-3-1. (a) Time series of observed rainfall amount on 26 and 27 July at Santa
Cruz and Colaba (After Fig. 1 of Bohra et al. 2005). (b) Three hour rainfall amount
estimated by TRMM satellite (After Fig. 2 of Bohra et al. 2005). (c) PWV
distribution observed by SSM/I. White rectangles in (b) and (¢) indicate the regions
of figs. (a) and (b), respectively. After Seko et al. (2008).

1 H. Seko, S. Hayashi, M.Kunii, and K. Saito
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C-3-2. Design of the downscale experiment

This study used JMA-NHM with triple-nested grids (20 km, 5 km and 1 km). Hereafter,
experiments with 20 km will be labeled 20km-NHM (horizontal grid number 200 x200); those with 5
km will be labeled Skm-NHM (horizontal grid number 400x400); and those with 1 km will be labeled
1km-NHM (horizontal grid number 300x300). Vertically, 40 stretched terrain-following layers were
commonly employed in all experiments. The lowest level of the model was located at 20 m, and the
top of the model was located at 22.7 km. Initial and boundary conditions of 20km-NHM were obtained
from the global analysis data of JMA. Outputs of 20km-NHM and 5km-NHM provided the initial and
boundary conditions of Skm-NHM and 1km-NHM. The initial data of Skm-NHM and 1km-NHM
were given by the outputs at the forecast time (FT) of 6 hours. Specifically, the initial time of
Skm-NHM and 1km-NHM were 11.5 IST and 17.5 IST of 25 July. The forecast period of 20km-NHM,
was 36 hours; that of 5km-NHM was 30 hours; and that of 1km-NHM was 9 hours.

C-3-3. Heavy rainfall reproduced by the downscale experiment

Figure C-3-2a depicts the rainfall distributions from FT = 3 to 27 (hours) produced by Skm-NHM.
The rainfall regions were generated along the mountain range near the western coast of India by FT =
3 (14.5 IST). An intense rainfall system was organized near Mumbai by FT = 6 (17.5 IST). The system
began to split into several rainfall cells along the mountain range at FT = 18 (5.5 IST, 26 July), and
then the intense rainfall was terminated at FT =23 (10.5 IST, 26 July). The rainfall amount in 17 hours
from FT = 6 to FT = 23 caused by the system reached 1,149 mm. The rainfall amount and duration

indicated that the heavy rainfall was quantitatively well-simulated.

(a)Rainfall 5km-NHM (b)Qr 1km-NHM
FT=03 (25" 14.5IST) FT=12 (25" 23.5IST) FT=18 (26* 05.5IST) FT=27 (26" 14.5IST) FT=06 (25 23.5IST)

f w ! N ° s » | I [ T .
. : [ e "-\.gj'\- mlﬁ

"""-*_w.h*-\.'ﬁ__ﬂi'::"

a1 L
:L ——— 1:-: (a/kg)

1
72 73 #(mls)

Fig. C-3-2. (a) Rainfall distributions from FT=3 to 27 hour by S5km-NHM and (b)
horizontal wind and rainwater mixing ratio (Qr) at z=0.53 km at FT=6 by 1km-NHM.
Rectangles in (a) indicate the domain of (b). Large arrows in (a) and (b) indicate the
horizontal scale of 250 km and 40 km, respectively. After Seko et al. (2008).

1 (mis)

Figure C-3-2b depicts the rainwater mixing ratio of the regional rainfall system reproduced by
1km-NHM. The intense rainfall system had already been organized by FT = 6 (23.5 IST) 100 km
south of Mumbai. The horizontal scale of regional heavy rainfall was several tens of kilometers. The

good agreement of the simulated position and the horizontal scale with observation indicated that
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1km-NHM effectively reproduced the regional heavy rainfall. The structure of this intense rainfall

system and the factors that produced intense rain were reported by Seko et al. (2008).

C-3-4. Heavy rainfall reproduced using LETKF

The factors that caused the heavy rainfall were also investigated by the outputs of the ensemble
forecast. In this study, a Local Ensemble Transform Kalman Filter (LETKF) for JMA-NHM (Miyoshi
and Aranami 2006) was used. As the forecast models, JMA-NHM with a grid interval of 20 km was

used. Size of ensemble member
was 20. Initial seed was given by
the global analysis of JMA at 00
UTC from 5 to 24 July. The
conventional data, such as surface
and upper sounding data were
assimilated with 6-hours
assimilation windows.

Figure C-3-3 shows that rainfall
region and water vapor
distributions at the heights of 0.5
km and 3 km by the ensemble
forecast. Heavy rainfalls near the
western coast of India were
reproduced in three ensemble
members of #006, #007 and #009
among 20 members. Namely, the
probability of heavy rainfalls is
15 %.

Rainfall

o T

Fig. C-3-3. Rainfall and water vapor mixing ratio distributions at
the height of 3 km and 0.5 km. Red circles and thick arrows
indicate the heavy rainfalls and the low-level airflows that
supplies humid air.

Outputs of ensemble members were compared, and then the following features were pointed out as

the factors that influence the formation of the heavy rainfall.

(1) Intense rainfalls were generated at the southern tip of the moist region at the height of 3 km.

(2)  Northerly flows existed in the moist region on the north of intense rainfall.

(3) Moist air also supplied by the low level westerly flow.

(4) The humid region at the height of 3 km exists in the inland area in #009. Thus, the orographic

effect that produces the thick humid northerly flow was not the indispensable condition for the

heavy rainfall formation.

These features indicate that the thick humid airflow from the north and the low-level humid westerly

flows are the indispensable factors for the heavy rainfalls. This result is consistent with the observed

PWYV distribution (Fig. C-3-1c¢) and the sensitivity experiment's results shown in Seko et al. (2008).
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C-4. Generation mechanisms of convection cells in the tropical region1

Because weather systems that cause heavy rainfall are characterized by intense convection cells,
generation and development mechanisms of intense convection cells should be understood for disaster
mitigation. In mid-latitudes, large-scale convergences such as the Baiu front, meso-scale
convergences induced by cold pools, or thermodynamical low-pressure systems have been reported as
causes of heavy rainfalls (e.g., Seko et al. 2005; Kawabata et al. 2007). However, convection cells in
tropical regions are not as well studied. Because typical atmospheric profiles in tropical regions differ
from those in mid-latitudes, some mechanisms, such as gravity waves, might more strongly affect
convection cells in tropical regions.

Tropical convection cells were simulated by a high-resolution 2-dimensional nonhydrostatic model
by Yamasaki and Seko (1992; abbreviated to YS92 hereafter) to investigate their generation and
development mechanisms. They found that convection cells were generated and developed when
updrafts resulting from intersecting gravity waves overlapped, or when gravity waves propagated into
the humid region. However, YS92 used a 2-dimensional model in which the influence of gravity
waves is overestimated when the gravity waves propagate to all directions. To refine the YS92 results,
we conducted a reproduction experiment of tropical convection cells using a high-resolution
3-dimensional model. The JMA Climate Data Assimilation System (JCDAS) was used as the realistic

initial fields.

C-4-1. Ideal experiment with a
2-dimensional model (YS92)

YS92 used a 2-dimensional anelastic

Time (hr)

model (Yamasaki 1984) with a horizontal
grid interval of 1 km. Vertical profiles of

<

temperature and humidity used as the

basic fields were those typical of the

tropical region (see Table 1 in Yamasaki

(1983)). For horizontal winds, a vertical

profile with a linear vertical shear of 2

m/km below the height of 3 km was used.

The horizontal domain size was set as r\ : _ -
: ! L,

large as 5000 km, so that factors other v

Fig. C-4-1. Hovmoller diagrams of (a) updrafts at 1.2km
height and (b) temperature at 150 m height. Shaded

Time (hr)

Temperature (150m)

than gravity waves (e.g., cold outflow)

would not affect the generation of the and dark regions in (a) indicate updrafts and clouds.
convection cells. Initial disturbances Arrows indicate the propagations of gravity waves that
) generate or develop the convection cells F and J. The
consisted of two sets of four thermal shaded and dark regions indicate the cold pools
produced by the convection cells. After Yamasaki and

Seko (1992).

1 H. Seko, S. Hayashi and K. Saito
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bubbles near the center of the model domain. When the numerical integration was conducted, cold
outflows and gravity waves that were produced by the initial bubbles triggered successive convection
cells.

Figure C-4-1 shows Hovmoller diagrams of updrafts at 1.2 km height and temperature at 150 m
height. Updrafts of gravity waves were generated among groups of convection cells and propagated to
both directions (Fig. C-4-1a). When updrafts propagated from convection cells A and D, a new
convection F was generated between these convection cells, then developed when gravity waves
arrived from convection cells B and E. Convection J was generated when gravity waves arrived from
convection G and was developed when gravity waves arrived from convection H. We studied the
generation and development mechanisms of these convection cells by the vertical distributions of the
deviations from their horizontal averages. When gravity waves approached, temperature decreased
and relative humidity increased in the updraft region (not shown). Updrafts and these changes caused
by gravity waves constituted favorable conditions for the generation and development of new
convection cells. There was no cold pool where convection cells F and J were generated (Fig. C-4-1b),
which indicates that gravity waves alone can generate and intensify convection cells.

C-4-2. Design of experiments

This study reproduced convection cells near Sumatra in the monsoon season. Triple one-way nested
downscale experiments were performed so that the horizontal grid interval of the innermost model can
produce individual convection cells. The grid intervals of the nested models were 20 km, 5 km, and 1
km, respectively. Initial and boundary conditions of the outer model (20km-NHM) were given by
JCDAS (global analysis data by JMA and the Central Research Institute of Electric Power Industry).
Thermal bubbles were not replaced in the initial fields. The initial time for the 20km-NHM model was
1200 UTC 28 January 2008, during monsoon season in Southeast Asia. A 6-h forecast of 20km-NHM
was used as the initial condition for the second model (Skm-NHM), which is enough time for spin-up

because convection cells were generated during the first 6 h from the initial time of Skm-NHM. A

L2
(mm)

Fig. C-4-2. (a) Rainfall regions at 2100 UTC 29 January 2008 reproduced by 5
km-NHM, and at (b) 2230 UTC on 29 and (¢) 2320 UTC on 29 reproduced by 1
km-NHM. Initial time of Skm-NHM and 1km-NHM are 1800 UTC 28 and 1500
UTC 29, respectively. Contours in (b) and (c¢) indicate the temperature at 1000
hPa. Red rectangular in (a) indicates the regions of (b) and (c).

_18_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

21-h forecast of Skm-NHM was used as the initial condition for 1km-NHM. The time lag between the
initial times of Skm-NHM and 1km-NHM (21 h) was determined by the generation time of
convection cells, not by the spin-up time. The Kain-Fritsch convective parameterization scheme was
adopted in 20km-NHM and 5km-NHM. The bulk method which predicts cloud water, rainwater,

cloud ice, snow, and graupel was adopted as the microphysical process for 1km-NHM.

C-4-3. Generation mechanisms of convection cells by gravity waves

Figure C-4-2a shows the 1-h rainfall and surface horizontal wind distribution at 2100 UTC on 29
January 2008 reproduced by Skm-NHM. On the eastern side of Sumatra, west-northwesterly and
northwesterly flow converged and a rainfall region was generated there.

Figures C-4-2b and c show the 1-h rainfall and surface temperature distributions reproduced by
1km-NHM. The intense rainfall band extending southeastward on the eastern side of Sumatra
corresponds to the rainfall region in Fig. C-4-2a. Small convection cells A and B were generated on
the eastern side of the convective band at 2230 UTC and on the southern side at 2320 UTC. Contours
near the convection cells A and B in Figures C-4-2b and ¢ show that an intense cold pool did not exist
around them. We chose these two events as the targets of this study because they were not generated

by an intense cold pool.

(a) Convection cells generated along the convergence zone

Convection cells A were generated where the temperature gradient was weak. Figure C-4-3 shows
Hovmoller diagrams of updrafts at two levels as well as rainfall, temperature, and dew-point deficits
(T — Td) across convection cells A.

Convection cells were generated

repeatedly after the propagation of
the weak updraft region at 925 hPa

Time (hr)
Time (hr)

from the west (indicated by arrows in
Fig. C-4-3c). These weak updrafts

were produced by the convergence of

the west-northwesterly and
northwesterly flow, shown in Figure

C-4-2a. Convection cells A were

fI'ime (hr)

generated far from other convection
cells when the updrafts at 925 hPa
(Fig. C-4-3c) and 850 hPa, which

propagated from the east (arrow in

Time (hr)

Fig. C-4-3a), overlapped. The Fig. C-4-3. Hovmoller diagrams of updrafts (colored regi(?n)
at (a~b, d) P=850hPa and (c) 925 hPa along the broken line
contours ~ of  temperature  and in Fig. C-4-2(b). Contours in (a)~(d) indicate (a) rainfall,

dew-point deficit at 850 hPa show (b) dew-point deficit at P=850hPa, (c) temperature at
P=1000hPa and (d) temperature at P=850hPa, respectively.

_19_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

that both parameters decreased rapidly as the updrafts passed (Figs. C-4-3d and b). These variations
show that the updrafts were induced by gravity waves. Before the generation of convection A, the
temperature became lower and the dew-point deficit became smaller than before the arrival of the
gravity waves (Figs. C-4-3d and b). These changes favored the generation and development of
convection cells, and they are common to convection cells created in the 2-dimensional model of
YS92. Temperature at 1000 hPa in Figure C-4-3c shows that a cold pool did not exist and could not
have generated the convection cells.

Figure C-4-4 is a time-height diagram of the updraft and deviation of temperature from the temporal
average. Temperature below 800 hPa decreased with time, caused by the convergence of
west-northwesterly and northwesterly flows. The updrafts below 700 hPa appeared at 30-60 min
intervals. As shown in Figure C-4-3, temperature rapidly decreased when the updraft passed. The
extent of these variations was limited below 700 hPa, which we attribute to the large vertical gradients
of potential temperature (5.5 K/km) at the height of 2—3 km at the initial time of the 1km-NHM model
over the Java Sea. Low-equivalent potential temperature air at the middle level (500 hPa) has been
reported as the factor causing heavy rainfalls in middle latitudes (e.g., Kato and Aranami 2005).
However, the height at which this factor was effective in the generation and development of
convection cells in this study was 800-900 hPa. The origin of the gravity waves that propagated to A,
investigated by tracing back the pattern of horizontal distribution of vertical velocities at 850 hPa, was
around the weak rainfall regions that were developed in the Java Sea from 0200 to 0700 UTC 29

January.

(b) Convection cells generated along the edge of the weak cold pool
On the southern side of the convective band east of Sumatra, a weak cold region moved eastward
(Fig. C-4-2c¢). The drop of temperature was as small as 0.2 °C. Convection cells B were generated at

the leading edge of this cold pool.

Height (hPa)

Figure C-4-5 shows Hovmdller diagrams 500

across convection B. Figure C-4-5¢ shows that
the cold pool (colder than 27.0 °C) extended
eastward and that the weak updraft was

produced at its leading edge. At 950 hPa, above 700

600!

the extent of the updraft caused by the cold pool,
800 '{ -
another updraft propagated from the west I

(indicated by the dashed arrow in Fig. C-4-5a). 800!

The propagation speed of this updraft was much 1000 =

Time
0.01 003 0.06 02 05 1 (m) (UTC)

greater than the speed of expansion of the cold

pool, indicating that the updraft was induced by Fig. C-4-4. Time-height diagram of updraft
gravity waves. When the gravity waves (colored region) and deviation of temperature
from temporal average (contours) along the

propagating from the west reached the leading dotted line of Fig. C-4-3(a)
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edge of the cold pool, the temperature decreased and the dew-point deficit became smaller (Figs.

C-4-5a and d) and convection cells B were then generated. This sequence of events was similar to, but

slower than, the events in the case of convection cells A.

C-4-4. Summary

We used convection cells reproduced from the analyzed fields by the high-resolution

3-dimensional nonhydrostatic model to investigate the generation and development mechanisms of

convection cells in the tropical region. The results are summarized as follows:

(1) Updrafts from low-level gravity
waves made the lower atmosphere
cooler and moister and may trigger
the generation of convection cells.

(2) When updrafts from low-level
gravity waves overlapped with other
weak updrafts caused by large-scale
convergence or weak cold pools,
convection cells were generated.
Low-level gravity waves can
generate or develop new convection
cells if other weak updrafts exist.
This result means that the origin and
timing of convection cells are
influenced by gravity waves.

(3) These results are consistent with
those of YS92.

Time(hr)
 Time(hr)

Time (hr)
Time (hr)

(e)
— — €

Fig. C-4-5. Hovmoller diagrams of updrafts (colored region)
at (a,b and d) P=950 hPa and (c) 975hPa along the broken
line in Fig. C-4-2(c), (a) rainfall (b) dew-point deficit at
P=950hPa, (c) temperature at P=1000hPa and (d) temperature
at P=950hPa.
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C-5. Tests of cumulus schemes in JMA-NHM over Southeast Asia’

The JMA nonhydrostatic model (NHM) was implemented in Southeast Asia in short-term forecasts
of up to 18 h over one year with 25 km horizontal resolution. Three cumulus schemes were tested in
the model: Kain-Fritsch, Grell and Arakawa-Schubert. Diagnosis of bias and correlation coefficients of

rainfall shows that the Grell scheme performed the best and Arakawa-Schubert performed the worst.

C-5-1. Introduction

NHM (Saito et al. 2006) is an operational weather forecast model developed originally for
applications in Japan. To adapt it to weather forecasting in Southeast Asia, we first need to verify its
performance in tropical regions. We conducted experiments using three cumulus schemes
(Kain-Fritsch, Grell, and Arakawa-Schubert) in NHM to identify which scheme is more suitable to

forecast weather in Southeast Asia.

C-5-2. Experimental Design

We integrated JIMA-NHM version 2010-May-10 for one year from 0000 UTC 1 January to 2300
UTC 31 December 2004. Because neither El Nind nor La Nind occurred in this year, modeling errors
associated with these inter-annual anomalies should be small in the experimental period. We
conducted three experiments in which the cumulus scheme was respectively Kain-Fritsch (tuned for
Japan region, Saito et al. 2006), Grell, and Arakawa-Shubert. Because neither data assimilation nor
Spectral Boundary Coupling (SBC, e.g., Kida et al. 1991) were used, we only examined experiments
initialized at 0000 and 1200 UTC with short-term forecasts (e.g., Hayashi et al. 2008) of 18 h where
the first 6 h were discarded as model spin-up.

The model resolutions were 25 km horizontally and 40 layers vertically and the grid size is

160x120 points with the domain center at lat 4°N, long 110°E. The time step is set to be 75 s. We
used Japan 25-year Re-Analysis data (JRA2S5) as initial and boundary conditions.

C-5-3. Results

To verify the results of the NHM simulations, we compared rainfall amounts from the model with
satellite-derived data from Tropical Rainfall Measurement Mission (TRMM) version 3B42. This was
because the conventional weather observation network in Southeast Asia is too sparse to capture
mesoscale convective systems at time-scales of hours (Koh and Teo 2009).

Statistical verification was carried out based on measures such as bias and correlation. Use of
root-mean-square error (RMSE) was avoided as it depends more on the ambient variability of the
weather rather than on the model error itself (Koh and Ng 2009).

Figure C-5-1 shows the annual mean rainfall of TRMM satellite data and the bias in rainfall (NHM
minus TRMM) under the three cumulus schemes. The distribution of rainfall in TRMM data shows

that rainfall concentrated over land areas such as Borneo, the Malay Peninsula, and Sumatra. NHM

1 S. Koseki and T-.Y. Koh
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underestimated precipitation over land with all three schemes. In particular, underestimation of rainfall
was greatest around the northwestern coast of Borneo (lat 2°N to 4°N, long 110°E to 114°E). Although
the performances of Kain-Fritsch and Grell were identical over land, the Grell scheme showed the best
bias performance of the three schemes, because its underestimation of rainfall was relatively small,
especially over the sea. The Arakawa-Schubert scheme was worse than the other two schemes. In
contrast, NHM overestimated precipitation in inland Borneo, along the southern coast of Sumatra, and
over Sulawesi. These overestimations arose partly from a strong sensitivity of rainfall to model
topography, as seen in other models (Teo et al. 2011). Another reason is that the diurnal cycle in the
study area may not be reproduced sufficiently. Rainfall here is manifested basically in features of the
diurnal cycle, such as sea/land breeze circulation.
Figure C-5-2 shows diagrams of monthly correlation coefficients between NHM () and TRMM (7)),
. cov(N,T)
\f var(N) * var(T')

Borneo, coastal Borneo, southern Sumatra, the South China Sea, and the Java Sea. Note that there is

for the area-averaged rainfall in six regions: the Malay Peninsula, inland

some uncertainty in the correlation values associated with comparing 3-hourly time series snap-shots
of rainfall in RMM and NHM accumulated rainfall. The Kain-Fritsch and Grell schemes generally
showed better performance than the Arakawa-Shubert scheme in all six areas. As the weather patterns
in this region tend to be dominated by a strong diurnal cycle of land-sea breeze circulation (Joseph et
al. 2008), the correlation coefficients are indicative of how well the model captures the underlying

mesoscale dynamics.

C-5-4. Summary

We conducted test experiments of three cumulus schemes in NHM for Southeast Asia. The Grell
scheme showed the best performance in short-term forecasts because its bias was smaller than those of
the other two schemes. The correlation coefficient for the Grell scheme was comparable to that of the
Kain-Fritsch scheme but better than that of the Arakawa-Shubert schemes, which was the worst of

three.
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Fig. C-5-1. (a) Annual mean of TRMM rainfall (mm/hr) in 2004. Rectangles are areas
where rainfall is averaged in Figure C-5-2. (b)-(d) NHM minus TRMM annual mean
rainfall (mm/hr) with the Kain-Fritsch (b), Grell (c), and Arakawa-Schubert scheme (d).
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Fig. C-5-2. Monthly correlation coefficients of 3-hourly rainfall between NHM with three
schemes and TRMM averaged over the rectangular areas in Figure C-5-1. Red denotes
Kain-Fritsch, green denotes Grell and blue denotes Arakawa-Schubert scheme.
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C-6. Model verification of HRM, NHM, WRF-ARW, and WRF-NMM in predicting precipitation1
C-6-1. Introduction

Numerical weather predictions have been conducted at Vietnam National University of Hanoi
(VNU) since 2000 with a mesoscale hydrostatic model named HRM (Majewski, 2009), the former
operational limited-area model of the German Weather Service (DWD) that is run at VNU with
DWD’s permission. With the general shift to nonhydrostatic models, in 2004 VNU started deploying
the MM5 model, then the WRF models WRF-ARW (Skamarock et al. 2008) and WRF-NMM (Janjic
et al. 2010). When VNU joined the research project “International Research for Prevention and
Mitigation of Meteorological Disasters in Southeast Asia,” the Meteorological Research Institute of
Japan (MRI) provided VNU with a research license for NHM (Saito et al. 2007).

In Vietnam, tropical cyclones and heavy rainfall are the two most severe meteorological disasters.
Although VNU uses many models in research, only HRM was applied in forecasting these two events
after it was verified for more than two years. Other models were used only for case studies. WRF has
shown better performance than HRM in some of these cases, but not in others. To apply a new model
for forecasting severe weather phenomena, we need to document its superior skill through a formal
comparison (e.g., Hayashi et al. 2008; Chan et al. 2010) with HRM forecasts.

This report documents a performance intercomparison among the four models HRM, NHM,
WRF-ARW, and WRF-NMM. Of these models, only HRM is hydrostatic, although the others support
hydrostatic options. Our study target was the precipitation forecast for Vietnam in September 2009.
This effort was part of a verification project that assesses the performance of all models running in

research institutes and operational centers in Vietnam.

C-6-2. Data and method

Because the four models differ in dynamics, physics, and numerical features, it was impossible to
use identical configurations for all models. However, we used the same settings for initial and
boundary conditions, domains, and resolutions.

First, all models used the same initial and boundary conditions from the Global Forecast System
(GFS) analyses and forecasts with a resolution of 0.5°. The boundary condition update interval was 3
h. The sea-surface temperature fields were also taken from the GFS analyses. The constant fields such
as topography, land use, and vegetation fraction were derived from the United States Geological
Survey (USGS) dataset.

Second, the domain and resolution were nearly the same for all models. NHM and WRF-ARW use
Mercator projection, HRM uses regular latitude/longitude projection, and WRF-NMM uses rotated
latitude/longitude projection. Figure C-6-1 shows the HRM domain with 201 x 161 grid points; the
other models also included this domain but were not limited to it. The resolution of this domain is
0.15°. NHM and WRF-ARW set that resolution to 17 km, which is identical to 0.15° at the equator.
Because of its special grid type (Arakawa E), the WRF-NMM resolution was set to 0.11°, which is

' L. Duc and K. T. Xin
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nearly 0.15° when multiplied by V2. All models had 30 vertical layers.

Fig. C-6-1. HRM domain.

The models were targeted to the period September 2009. In this period, tropical cyclones Mujigae

and Ketsana hit coastal areas of Vietnam and tropical cyclone Koppu affected all of Vietnam. All

models were run out to 48 h. Although the spatial resolutions were nearly the same, the time steps

were different. The time steps and other different features are listed in Table C-6-1.

Table C-6-1. Model configurations.

Model HRM NHM WRF-ARW WRF-NMM
Version 2.4 2008 3.0.1 3.0.1
Time step 90s 40s 90s 40s
Radiation Ritter and Geleyn GSM0412 RRTM + Duhia GFDL
scheme
Cumulus Tiedtke Modified Kain-Fritsch Betts-Miller-Janjic
parameterization Kain-Fritsch
Microphysics | Doms and Schattler 6-class WSM 3-class scheme Ferrier scheme
scheme
Boundary Mellor-Yamada Improved Yonsei University Mellor-Yamada-Ja
layer Level 2 Mellor-Yamada Level scheme njic TKE
3
Soil model Heise and Schrodin Thermal diffusion 4-layer Noah LSM 4-layer NMM
7- layer scheme 4-layer scheme LSM
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Precipitation verifications were conducted using ground observations. There are about 400 rain
gauges yielding an average resolution of 28 km over Vietnam. As Cherubini et al. (2002) pointed out,
for matching spatial scales, upscaled observations should be used instead of point observations such as
SYNOP stations; thus, verification on the model space was adopted. The three-pass Barnes scheme
(Achtemeier, 1989) was used to upscale rain gauge data into a regular latitude/longitude grid that is a
subdomain of the HRM domain covering Vietnam. Precipitation forecasts from the four models were
mapped to the observation grid using interpolation to the nearest grid point. Because all models have
nearly similar domains and resolutions, this strategy did not distort rainfall patterns or spread out rain
fields.

C-6-3. Results

The total accumulated 24-h (first day) rainfall forecasts in September 2009 are shown in Figure
C-6-2 along with rainfall observations. The rainfall pattern was well forecasted by HRM. NHM and
WRF-NMM also represented this pattern, but these two models underestimated the rainfall amount.
WRF-ARW showed a false alarm area south of the rainfall peak in central Vietnam.

The bias and equitable threat scores (ETS) against rainfall thresholds (Fig. C-6-3) show that
WRF-ARW overestimated and HRM and NHM underestimated precipitation at all thresholds. NHM
bias scores were higher than those for HRM. The WRF-NMM bias score decreased rapidly with
rainfall thresholds, indicating that the model predicted more light rain and less heavy rain than
observations. In terms of ETSs, WRF-NMM is the worst model and HRM is the best one. However,
for thresholds less than 20 mm/day, HRM, NHM, and WRF-ARW have the same performance. HRM
only beats other models for heavy rains with thresholds exceeding 25 mm/day.

Figures C-6-4 and C-6-5 show results for forecasts in the range of 24-48 h (second day).
Second-day forecasts were much like those for the first-day forecasts, with some minor differences.
HRM is still the best model and WRF-NMM the worst, although ETS values were less than those for
the first-day forecasts. The underestimation of HRM and NHM was the same; however, the HRM bias

was closer to 1 than the NHM bias, the reverse of the situation for the first-day forecasts.
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Fig. C-6-2. Total accumulated rainfalls in 09/2009 as forecasted by (a) HRM, (b) NHM, (c) WRF-ARW and (d)
WRF-NMM for the first day and (e) observation.
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Fig. C-6-3. Bias and equitable threat scores for the first day rainfall forecasts from HRM, NHM, WRF-ARW
and WRF-NMM.
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Fig. C-6-4. The same as Fig. C-6-2 except for the second day forecasts.
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Fig. C-6-5. The same as Fig. C-6-3 except for the second day forecasts.

C-6-4. Conclusion

We compared the performance in precipitation forecasts from the four models HRM, NHM,
WRF-ARW, and WRF-NMM using GFS analyses and forecasts as initial and boundary conditions,
respectively. The resolutions were almost the same, approximately 0.15°. Differing model projections
made the domains for each model different, but domains were chosen to minimize the impact of
different domains on forecasts. The period of September 2009 was selected, when three tropical
cyclones affected Vietnam.

The forecasts were verified against rain gauge data over Vietnam. In the first step, all observations

were mapped to an analysis grid covering Vietnam at a resolution of 0.15° by the three-pass Barnes
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scheme. For the next step, rainfall forecasts were interpolated to the analysis grid by the nearest point
method. Then, verification was done on the analysis grid.

The results highlighted HRM as the best model and WRF-NMM as the worst. HRM tended to
underestimate precipitation, as did NHM. WRF-ARW overestimated precipitation for the whole range
of rainfall thresholds. Models HRM, NHM, and WRF-ARW exhibited similar performances for light
and moderate rains. HRM was the best at predicting heavy rainfall.

The most interesting result is that the performance of a hydrostatic model (HRM) was better than
those of nonhydrostatic models. However, at 0.15° resolution, the difference was small. To have a fair
comparison, a higher resolution experiment (0.04° or 0.05°) should be conducted. As a hydrostatic
model, HRM is only adequate for resolutions lower than 7 km. In this case, HRM must be excluded
from the comparison. In a tropical region like Vietnam, convective processes have an important role in
generating precipitation. Using high-resolution models will improve forecasts for convective rains.

We note that none of the models in this experiment was adapted for tropical regions; they were all
developed and first applied in extratropical countries. NHM underestimated the diurnal change of
surface temperatures, which we attribute to the inappropriate application of the nonlinear

computational diffusion to the number concentration of cloud ice (see Section C-2-5).
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C-7. A Numerical Experiment on the Heavy Precipitation during the Jakarta Flood
Event in January-February 2007 !
C-7-1. Introduction

A devastated flood event had occurred at Jakarta on February 2007, which was mainly due to
heavy rainfall for several times from 31 January to 2 February. According to the Indonesian
Meteorological, Climatological, and Geophysical Agency (BMKG) report, the highest daily rainfall
was 340 mm, which was measured on 2 February at Pondok Betung Station (6.2°S, 106.6°E).
Torrential rains that repeatedly occurred over West Java coincided with a strong and persistent
trans-equatorial monsoon surge from the Northern Hemisphere (Wu et al. 2007). The strong monsoon
flow near the surface and the upper southeasterly wind over it produced a low-level vertical shear of
winds. The shear with wet lower and dry middle layers allowed the severe moist convections to
develop repeatedly.

In this study, a time-lagged ensemble forecast (e.g., Brankovi¢ et al. 1990) is performed for the
two-month period including the Jakarta Flood event with a regional model which consists of a single
domain with a relatively coarse resolution. Based on the ensemble forecast data, we investigate the
temporal modulation of precipitation and three-dimensional synoptic fields in the periods before,

during, and after the heavy rainfall in Jakarta in 2007.

C-7-2. Numerical Experimental design

The numerical model used in this study is Japan Meteorological Agency - non-hydrostatic model
(NHM; Saito et al. 2006, 2007). We set up a single computational domain with a 20-km horizontal
resolution. The domain has 103 x 115 grid points centered at 5°S, 110°E on a Mercator projection.
The topography of the domain is presented in Fig. C-7-1. The subgrid scale parameterization schemes
and parameter settings that we employ are the same as those of Hayashi et al. (2008) with their
recommended values tuned for the 20-km horizontal resolution. The cumulus parameterization
scheme is a modified Kain-Fritsch. The cloud microphysics scheme is a 6-class bulk microphysics
with prediction of number concentration of ice particles. The GSM0412 radiation scheme (Yabu et al.
2005) and an improved Mellor-Yamada Level 3 planetary boundary layer scheme (Nakanishi and
Niino 2004, 2006) are used. The National Centers for Environmental Prediction Global Tropospheric
Analyses (final analyses) with the horizontal resolution of 1° x 1° and the time interval of six hours
are used for the model input.

To run the time-lagged ensemble forecast, we follow the same procedure and method used by
Mittermaier (2007), except for the length of individual forecast. We perform 72-hour forecasts every 6
hours, and exclude the initial 18 hours for analysis to avoid the effect of unrealistic convections in the
spinup processes. Thus, the number of ensemble members becomes nine. We analyze the two-month
period (twelve pentads) from 0000 UTC 1 January to 2300 UTC 1 March 2007. We use Tropical

"N Trilaksono, S. Otsuka, and S. Yoden
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Rainfall Measuring Mission (TRMM) 3B42 (Huffman et al. 2007) as comparison data with the model

output.

4NF

Fig. C-7-1. The model domain of
computation. Shading and
contours show topography (m)
of the domain. The open circle
denotes the location of Pondok
Betung Station. ‘After
Trilaksono et al. (2011)” with
some modifications.
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C-7-3. Results of the experiment
Figure C-7-2 shows the time series of (a) the TRMM estimated rainfall, (b) the model simulated

precipitation rate of the nine ensemble members, and (c) their ensemble mean in the unit of mm hr™' at
the nearest data point to the Pondok Betung Station for the two-month period. The location of Pondok
Betung is denoted by the open circle in Fig. C-7-1. The characteristic time scale of the precipitation
rate is generally small (less than one day) suggesting a convective origin, as shown by the TRMM data
(Fig. C-7-2a). This feature of convective precipitation is well reproduced in the model. Some ensemble
members show heavy precipitation (> 10 mm hr™') during or just after the period of Jakarta Flood
event (Fig. C-7-2b). Such enhancement of precipitation is also discernible in ensemble average (Fig.
C-7-2c), although the magnitude is much smaller. Both the TRMM data and the model results show
modulation of precipitation rate in the two-month period. There is little rainfall observed during the

first half of January, whereas rainfall occurs frequently afterward.

Figure C-7-3 shows the time-latitude cross sections of (a) the TRMM estimated rainfall data and
(b) the ensemble mean of the model simulated precipitation rate averaged between 105.5°E - 108.5°E.
The horizontal lines in Figs. C-7-3a and b denote the latitude of 6.2°S, which is the latitude of Pondok
Betung Station in the northern part of Java Island. The TRMM data (Fig. C-7-3a) shows that in the
first half of January, continual precipitation exists between 2°S and 5°S, whereas intermittent rainfall

with an interval of about one week exists to the north of 2°S.

There is little rain to the south of 5°S during the period. The meridional extent of heavy rainfall
occurrence varies after around 17 January. Before the Jakarta Flood event, a signal of heavy rainfall

propagates from 4°N around 25 January to 6°S around 30 January. After the signal reaches the
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northern part of Java Island, it does not propagate any farther. The meridional extent of rainfall

concentrates in the latitude between 5°S and 8°S from around 30 January to 15 February. Right after

15 February, it becomes larger with higher rain rate to the south of 6°S.

The ensemble mean of the model output precipitation rates (Fig. C-7-3b) resembles that of the

TRMM data. The north-south contrast of precipitation before around 17 January is reproduced well in

the model. Propagation of a signal of heavy rainfall just before the Jakarta Flood event is also

reproduced well. The meridional extent of precipitation is somewhat larger in the ensemble mean from

31 January to 8 February. Modulation of intermittent precipitation to the south of 6°S in the second

half of February is also reproduced well.
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Fig. C-7-2. Time series of (a) the TRMM estimated
rainfall, (b) the model simulated precipitation
rate of the nine ensemble members, and (c) their
ensemble mean in the unit of mm hr' at the
nearest points to the Pondok Betung Station for
the two-month period from 0000 UTC 1 January
to 2300 UTC 1 March 2007. The location of
Pondok Betung station is denoted by the open
circle in Fig. C-7-1. ‘After Trilaksono et al.
(2011).°

Fig. C-7-3. Time-latitude cross sections of (a) the
TRMM data and (b) the ensemble mean of the
model simulated precipitation rate averaged
between 105.5°E — 108.5°E. The horizontal
lines in (a) and (b) denote the latitude of 6.2°S
which is the latitude of Pondok Betung station.
‘After Trilaksono et al. (2011).’
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Figure C-7-4a shows the time-latitude cross section of the ensemble mean of the model
simulated meridional wind anomaly. It shows that there is positive (northward) wind anomaly in most
of the latitudes in the first 20 days of January. Propagation of a signal of negative anomaly of the
meridional winds is evident from 4°N on 27 January to 6°S on 29 January, which corresponds to the
propagation of a signal of precipitation in Fig. C-7-3. The negative anomaly of meridional winds
continues about one week at 6°S during and after the Jakarta Flood event. Another event of the
propagation of negative meridional wind anomaly is seen from 4°N on 22 January to 14°S on 24

January with some correspondence to the enhancement of precipitation shown in Fig. C-7-3b.

A cold anomaly persists from 29 January to 4 February during and after the Jakarta Flood event
around 6°S (Fig. C-7-4b). It is related to the cold anomaly propagation from the north associated with
the propagation of negative meridional wind anomaly before the initial date as described above. The
association of the cold anomaly with the northerly anomaly is indicative of a cold surge event.
Continuation of the cold surge reaches 12°S on 29 January and the south end of the computational
domain on 3 February. Note that there is no evidence of the cold anomaly around 22 January that
corresponds to the strong negative meridional wind anomaly. This is a surge event but not a cold surge
event. Larger variability of temperature anomaly exists to the south of Java Island for the two-month
period, in which cold (warm) anomaly dominates during January (February).

Time-latitude variations of relative humidity (Fig. C-7-4c) shows similar pattern with those of
the precipitation shown in Fig. C-7-3b. The period of late January to early February is also marked by
a moist condition near the surface (at 850 hPa) with value of relative humidity exceeding 96% over the

northern part of Java Island.
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_ f Fig. C-7-4. Same as Fig. C-7-3 except for the
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Figure C-7-5 shows the horizontal distributions of the ensemble mean of the model simulated
precipitation rate (shades) and horizontal winds at 850 hPa (arrows) averaged for each pentad. Here,
we only show six pentads, pentad 3 - 8, including pentad 7 (31 January - 4 February) in which the
heavy rainfall event occurred in Jakarta. In pentad 7, a zonally elongated rain band is formed around
106°E - 119°E, 5°S - 6°S. In that period, Jakarta is located at the western edge of the rain band. There
is small amount of rainfall to the north and south of the rain band. The rain band in pentad 7 is

consistent with the increase of convergence of horizontal winds at 850 hPa (not shown).

A cold surge is captured through pentad 5 - 7. In pentad 5, a typical Borneo vortex appears; the
northeasterly winds over the South China Sea change their direction to southeastward over and around
Sumatra Island, and the wind is roughly eastward over West Java. In pentad 6, eastern part of the
vortex disappears, and further deformation of the vortex continues. In pentad 7, the winds over the
South China Sea become almost northerly. The wind speed increases near West Java and the northerly
component increases from pentad 6 to pentad 7. The northerly component of surface wind intensifies
upward motion on the northern slope of the mountain range in West Java. The surge event terminates

in pentad 8.

In association with the modulation of horizontal wind field, the horizontal distribution of heavy
precipitation changes from pentad to pentad. In pentad 5, weak precipitation less than 1 mm hr’'
covers middle and northern parts of the computational domain with some intensification over the
South China Sea. In pentad 6, heavy precipitation areas appear over the South China Sea and the Java
Sea. In pentad 7, the former area disappears while the latter moves southward to form the zonally

elongated rain band. The rain band disappears in pentad 8.

C-7-4. Discussion

The Borneo vortex is centered at (1°S, 111°E) in pentad 5, in which precipitation over West
Java is relatively weak. Another Borneo vortex event is also captured by the model in pentad 3 (11 -
15 January, Fig. C-7-5a), when the heavy precipitation occurred in the southern tip of Malay
Peninsula which faces the South China Sea, as reported by Tangang et al. (2008). Strong convergence
associated with a northeasterly cold surge exists over a tip of Malay Peninsula during the event.
Although Tangang et al. (2008) argued that this was not a vortex event, based on reanalysis data with
the 2.5° x 2.5° resolution, our model output with the 20-km resolution shows the existence of the
vortex.

In pentad 7, on the other hand, the vortex disappears, during which the heavy rainfall occurred
at Jakarta. This is consistent with the fact that the regions to the south of the South China Sea (namely,

the Java Sea) experience enhanced convection when the Borneo vortex is absent (Chang et al. 2005).
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Fig. C-7-5. Horizontal distribution of the ensemble mean of the model simulated precipitation rate
(mm hr") and horizontal winds (m s™) at 850 hPa averaged for each pentad. Unit vectors are
shown on the right bottom corner in each plot. ‘After Trilaksono et al. (2011).
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C-7-5. Conclusions

A time-lagged ensemble forecast using a regional numerical model is employed to investigate the
modulation of precipitation over West Java in the two-month period of January-February 2007.
Comparison between the numerical results and the TRMM 3B42 data shows fundamental agreement
on the temporal modulation of the spatial distributions of precipitation as shown in Figs. C-7-2 and
C-7-3 including the enhancement of precipitation on the time scale of pentad during the period of
heavy rainfall, from 31 January to 4 February, in the Jakarta Flood event.

In addition to the modulation of meridional winds reported by Wu et al. (2007), modulation of
temperature and relative humidity is also shown in this study. During the two-month period, several
monsoon surges are observed, among which only the surge event during the Jakarta Flood event is
associated with the cold anomaly. The event is preceded by the Borneo vortex event shown in Fig.
C-7-5c. We have shown pentad-to-pentad modulation of synoptic fields of precipitation and only
pentad 7, which includes the Jakarta Flood event, has the banded structure of heavy precipitation to
the north of Java Island (Fig. C-7-5¢).
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C-8. Simulation of low level cloud over the Western Ghats using a non hydrostatic
model'
C-8-1. Introduction

The Western Ghats mountain range along the western coast of India, with an average elevation of
about 1200 m, is important for providing sites for hydroelectric power generation. Western India has
faced water shortages for many years from lack of rainfall. Artificial rainfall from cloud seeding is one
possible solution. To explore this option to enhance rainfall over western India, a series of numerical
experiments have been carried out using the high-resolution JMA nonhydrostatic model NHM (Saito

et al., 2006). This study simulated the total cloud cover and cloud height at different times of day.

C-8-2. The model and simulation of cloud

NHM was installed on the C-MMACS multiscale forecasting platform. The model explicitly
calculates the microphysical processes of hydrometeors such as cloud water, rain, and cloud ice. The
typical high-resolution NHM configuration for cloud simulation includes a Lambert conformal
mapping, time splitting gravity waves, and split-explicit sound waves. A bulk parameterization
scheme that forecasts both the mixing ratio and number concentration is applied to the hydrometeors.
The calculation domain of the 5 km NHM was 2500 % 2000 km covering India. The top height of the
model domain was about 22 km and employed 40 variable vertical layers. The time integration for up
to 48 h was conducted with a time step of 30 s. The NCEP-GFS forecast and analysis were used for
initial and boundary conditions.

Figure C-8-1 represents the daily mean cloud coverage simulated 48 h in advance with a resolution
of 20 km. The high-resolution (5 km) cloud coverage simulations over the Western Ghats are
presented in Figure C-8-2. The three panels represent the simulations at 0500,1200, and 1700 IST on
14 July 2009.

! K.C. Gouda and P. Goswami (CSIR C-MMACS)
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Fig. C-8-1. Cloud coverage simulated 48 h in advance at 0500, 1200, and 1700 IST on 14 July 2009 with a

resolution of 20 km.
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Fig. C-8-2. Cloud coverage simulated 48 h in advance at 0500, 1200, and 1700 IST on 14 July 2009 with a
resolution of 5 km over the Western Ghats.
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C-8-3. Validation of simulated cloud

A comparison of cloud cover over India from the NHM simulation and MODIS observations for
three different days is presented in Figure C-8-3. The simulations are at 20 km resolution, while the
observations are at 150 km resolution. The spatial structure of cloud coverage is well captured by the
model over the Western Ghats.

The present study needs to be supplemented by extensive diagnostics to understand the effects of
high resolution on the simulation of orographic clouds over the Western Ghats. The introduction of
high resolution significantly changes model dynamics, and analysis of the circulation features is likely
to yield significant insights. The significantly higher skill of the NHM configuration sets the stage for
a more detailed diagnostics in terms of cloud coverage. An exciting possibility is to conduct more
simulations with different temporal and spatial resolutions and for different seasons to test the

robustness of the model in simulating cloud properties.
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Fig. C-8-3. Comparison of simulated (left) and observed (right; MODIS) daily mean total cloud
cover over India on selected days.
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C-8-4. Conclusion

Success in cloud seeding critically depends on the ability to determine the window of opportunity as
well as the right direction of seeding. It is also necessary to generate quantitative knowledge about the
response of local cloud systems to different seeding conditions in a cost-effective manner. Simulation
and forecasting thus may transform cloud seeding to a precision exercise from what would be
otherwise simply blind shooting. With our emphasis on orographic clouds, we have first focused on
simulating clouds over the Western Ghats. We found that the present configuration of NHM vyields a
good cloud simulation over the Western Ghats. Various sensitivity studies of the effect of cloud

seeding experiments need to be conducted in NHM.
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D. Numerical experiments for tropical cyclones
D-1. Forecast experiment with a nonhydrostatic model and simulation of storm surge on
cyclone Nargis1
D-1-1. Introduction

Severe meteorological phenomena such as tropical cyclones (TCs) sometimes cause catastrophic
damage to human society; therefore, their prediction is significantly important for preventing and
mitigating meteorological disasters. In the areas around the Bay of Bengal, historically, there have
been several cases in which storm surges induced by TCs gave rise to severe floods (Webster 2008).
At the end of April 2008, cyclone Nargis was generated in the center of the bay and moved eastward
in contrast with typical northward motion of cyclone of the bay such as the 1970 Bohla cyclone or the
1991 Bangladesh cyclone. Nargis reached its maximum intensity of category 4 around 06—12 UTC on
2 May, then it made landfall in southern Myanmar, and caused a destructive storm surge over the
Irrawaddy Delta and other low-lying areas that claimed more than one hundred thousand lives. Figure
D-1-1 shows the development of Nargis estimated by the Regional Specialized Meteorological Center
(RSMC) New Delhi and the US Navy Joint Typhoon Warning Center (JTWC). The minimum center
pressure by JTWC was 937 hPa, while the RSMC New Delhi estimated its intensity as 962 hPa. For
disaster prediction and mitigation in these areas, forecasts of TCs and the associated storm surges
based on numerical weather prediction (NWP) are particularly important. In this study, numerical
simulations of the 2008 Myanmar cyclone Nargis and the associated storm surge were conducted
using the Japan Meteorological Agency (JMA) Nonhydrostatic Model (NHM; Saito et al. 2001; Saito
et al. 2006) and the Princeton Ocean Model (POM; Blumberg and Mellor 1987). The JMA operational
global analysis (GA) and the global spectral model (GSM) forecast have been operated, but they
underestimated Nargis’ intensity probably due to its coarse horizontal resolution (T213) or inaccuracy
of initial conditions. We show that downscale experiments by NHM using GA and GSM forecast data
reproduced the development of Nargis more properly as bellow. This work also aims to demonstrate
the applicability of downscale NWP in Southeast Asia and to propose a decision support for
preventing and mitigating meteorological disasters, in view of the recent situation that the numerical
simulation models and the data are available and accessible to registered users in Southeast Asia as

shown in Section E-3.

D-1-2. Cyclone forecast experiments

NHM forecast experiments with a horizontal resolution of 10 km were conducted with using GA
and GSM forecast data as the initial and the lateral boundary conditions, respectively. The model
domain is a square of 3400 km size (1°S-30°N, 73°E-107°E) which covers the Bay of Bengal and the
surrounding areas including Myanmar (Fig. D-1-2). We assumed a minimum lead time of two days
before the landfall in order to effectively mitigate Nargis’ storm surge damage and set the initial time

of our simulation as 12 UTC on April 30 2008, when Nargis started its eastward movement and one

1 T, Kuroda, K. Saito, M. Kuni and N. Kohno (JMA)
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day before its rapid development. As a result, the minimum sea-level pressure of the experiment was
974 hPa while that of GSM was 993 hPa (Fig. D-1-3), which implied that NHM could predict Nargis’
rapid development more accurately than GSM. The higher resolution of NHM contributed to the better
representation of the cyclone center. Another possible cause is the difference in the physical processes,
especially the convective parameterization schemes. The Kain—Fristch (K-F) scheme (Kain and
Fritsch 1993) employed in NHM tends to heat the atmosphere at lower levels than does the
Arakawa-Schubert (A-S) scheme in GSM (Shindo et al. 2008), which would enhance the
intensification of Nargis. With respect to the cyclone center position at the landfall time, positional lag
of NHM (124 km) was smaller than that in GSM (193 km), although the forecasted track of NHM
deviated northwardly from the best track. The maximum surface wind speed predicted by GSM was
less than 20 m/s, while that predicted by NHM was more than 30 m/s. Moreover, the NHM forecast
well captured Nargis’ characteristics of the compact central dense overcast (CDO) with spiral
rainbands to the west and south observed by the Tropical Rainfall Measuring Mission’s Microwave
Imager (TRMM/TMI) (Fig. D-1-4).

Sensitivity experiments were conducted to investigate the effects of ice phase, sea surface
temperature (SST), and horizontal resolutions to Nargis’ rapid development. In a warm rain
experiment, Nargis developed earlier and the eye radius became larger than the case with ice phase. As
for the SST experiment, it was shown that a high SST anomaly preexistent in the Bay of Bengal led to
the rapid intensification of the cyclone, and that SST at least warmer than 29 °C was necessary for the
development seen in the experiment. In a simulation with a horizontal resolution of 5 km, the cyclone

exhibited more distinct development and attained a center pressure of 968 hPa.
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a0

Fig. D-1-2. Domain used for NHM forecasts with
the 10 km horizontal resolution. Dotted square
is the domain of nested experiment with a
horizontal resolution of 5 km, and broken
rectangle indicates the domain of POM for
storm surge simulations. After Kuroda et al.
(2010).
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Fig. D-1-3. Time evolution of sea level center
pressure of Nargis by NHM (GAGSM) and
GSM forecasts. Initial time is 12 UTC 30 April
2008. After Kuroda et al. (2010).
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Fig. D-1-4. a) Rainfall rate (mm/hr) observed by TRMM/TMI at 0137 UTC 2 May 2008. After
JAXA/EORC Tropical Cyclone Database (http://sharaku.eorc.jaxa.jp/TYP_DB/index_e.shtml).
b) Rainfall rate (mm/hr) simulated by NHM at FT=33. After Kuroda et al. (2010).
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D-1-3. Storm surge simulation

Numerical experiments on the storm surge were performed with POM with a horizontal
resolution of 3.5 km. Oceanic currents and water levels were calculated with sigma (terrain-following)
coordinates using the surface pressure and winds from NWP models. The open-sea boundary was
assumed to follow a static balance with the atmospheric surface pressure, and deviations from the
statically balanced level caused inflow or outflow current and gravitational waves. The astronomical
tide was not taken into account, and thus, only the deviation of water level was computed with respect
to the ocean’s vertical motion. We conducted simulations by POM using surface pressure and wind
fields from the GSM and the NHM forecasts. An experiment with POM using GSM forecast could not
reproduce the storm surge (Fig. D-1-5c), while a simulation using NHM forecast predicted a realistic
rise in the sea surface level by over 3 m (Fig. D-1-5f) at the Irrawaddy point (Fig. D-1-6). The rise was
roughly of the same magnitude as the displacement due to the storm surge at the Yangon River
reported by Shibayama et al. (2008), although a simulated maximum rise at the Yangon point (Fig.
D-1-6) was 1.5m. In the simulation using NHM forecast, surface wind speeds reached 25 m s™ (Fig.
D-1-5d), and were much higher than those obtained in the GSM forecast which were less than 6 m s
(Fig. D-1-5a). Since the sea-level rise due to pressure depression (the inverse barometer effect) was
less than 0.5 m, the major part of the storm surge was caused by the ocean current generated by strong
wind in the simulation. A southerly sub-surface current driven by strong surface winds of the cyclone
caused a storm surge in the river mouths in southern Myanmar facing the Andaman Sea as shown in
Fig. D-1-6. We showed that the storm surge produced by Nargis was predictable two days before
landfall by a downscale forecast with a mesoscale model using accessible operational NWP data and

application of an ocean model.
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Fig. D-1-5. a) Time sequence of the surface wind speed
by the GSM forecast at the Irrawaddy point (16.10°N,
95.07°E). b) Same as in a) but for wind directions. c)
Same as in a) but water levels simulated by POM.
d)-f) Same as in a)-c) but with the NHM forecast.

After Kuroda et al. (2010).
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2 Fig. D-1-6. Enlarged view (FT=36) depicts
the beginning of the sea level rise (gray

1 scale) with showing the sea level pressure
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contour interval is 1 hPa) and vertically

o averaged current (arrows, m/s) which
flows into the river mouths in southern
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After Kuroda et al. (2010).
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D-1-4. Concluding remarks

Although our results demonstrated the predictability of Nargis’ storm surge given a lead time of
two days, there were several quantitative discrepancies between the forecast and the real situations
involving the cyclone intensity, track, and timing. For example, the storm surge at the Yangon River
was about 4 m (Shibayama et al. 2008), while the maximum level at the Yangon point in our
simulation was 1.5 m. These errors would be caused by inaccuracies in the initial and boundary
conditions and SST, as well as insufficiencies of the model resolutions and physics. Thus, if the
northward bias of the TC track predicted by NHM were reduced, a higher water level might have been
simulated at the Yangon point. Risk management should be undertaken considering forecast errors and

reliability.
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D-2. Mesoscale LETKF Data Assimilation on Cyclone Nargis'
D-2-1. Introduction

Nargis was a severe tropical cyclone (TC) that formed on 27 April 2008 in the Bay of Bengal
and made landfall on 2 May in southwestern Myanmar. Nargis caused a destructive storm surge over
the Irrawaddy Delta, claiming more than 100,000 lives. If an appropriate warning had been issued by
about 2 days before the landfall, the number of casualties might have been reduced.

JMA global analysis (horizontal resolution about 20 km) and GSM forecast data (horizontal
resolution about 60 km and valid time every 6 h) expressed Nargis’ track to some degree, but the
expression on the storm’s development was inadequate in both the early and mature stages. Thus, it
was difficult to foresee a severe storm from these data. Recently, a downscale NWP using the IMA
nonhydrostatic model (NHM) and JMA data was conducted as a forecast experiment of Nargis by
Kuroda et al. (2010). They carried out the NHM forecast with a horizontal resolution of 10 km for a
square region of 3400 km around the Bay of Bengal, using the JMA global analysis (GA) and the
GSM global forecast as initial and boundary conditions, respectively (GAGSM). The initial time of
the simulation was set to 12 UTC 30 April, 2008. At this time, GA expressed Nargis as a weak
depression of 999 hPa although the intensity was less than 985 hPa in the best track. After 42 hours
(06 UTC on 2 May), NHM intensified the depression to a cyclone of 974 hPa, and predicted its
landfall in southern Myanmar although the point was northwardly deviated to the best track. The
development of the cyclone predicted by NHM was considerably better than that by GSM (994 hPa;
Fig.D-1-3), but the intensity was still weaker compared with the best track data (Fig. D-1-1). A reason
for the inadequate depression in the NHM forecast may be a weak expression of the initial vortex in
GA. Therefore, it is necessary to prepare more accurate initial fields using another data assimilation

approaches in order to improve the cyclone forecast.

D-2-2. Data assimilation experiment

The local ensemble transform Kalman filter (LETKF) is an assimilation method based on the
ensemble forecast. Miyoshi and Aranami (2006) applied this method to NHM (NHM-LETKF), and
performed a data assimilation experiment. We applied NHM-LETKF to the Nargis’ case with data
assimilation cycles as depicted in Fig. D-2-1. To obtain the analysis at 12 UTC on 30 April, the first
cycle began at 12 UTC on 28 April. The initial seed consisted of 20 (or 40) JMA global analyses
before 12 UTC on 30 April. Then a 6-hourly ensemble forecast with a 40km resolution was conducted
using the seed as the initial values. The observation data were assimilated with LETKF and the
resultant analysis ensemble was used as the initial values for the next 6-hourly forecast. After iterating
these steps, an analysis ensemble at 12 UTC on 30 April was obtained finally. Each member of the
analysis ensemble was then used as the initial condition for the extended ensemble forecast with a 10
km resolution. The analysis ensemble mean was used for the control run of the extended forecast as

well.

1 T. Kuroda, K. Saito, M. Kunii and H. Seko
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Selection of observation data is essential since it affects the accuracy of the analysis. Observation
data used in the JMA analysis are stored in a dataset called CDA (Onogi 1998), and the each element
has a quality control (QC) flag. Among the observed data, sea surface winds observed by QuikSCAT
are the most important for the TC analysis over the sea because it captures surface circulation around
the center of TC (Fig. D-2-2a). However, QuikSCAT data shown in Fig. D-2-2b were rejected in the
QC process of the JMA global analysis in spite of their distribution around the cyclone center. These
rejected data may affect the analysis around the TC center where the intensity was not well represented
by both GA and GSM. In this study, in addition to the control experiment using the global analysis
quality controlled CDA data (GAQC) we conducted an experiment using all QuikSCAT observations

(ALLSCAT) in order to investigate the sensitivity of observations on analysis.

D-2-3. Results

The minimum center pressure of Nargis in the most deepening members reached 962 hPa and 960
hPa in the extended ensemble forecasts of GAQC and ALLSCAT, respectively (Fig. D-2-3). Although
these members attained deeper center pressures than the GAGSM downscale experiment (974 hPa),
the cyclone tracks were considerably deviated northwardly compared with the GAGSM case. On the
other hand, the track of the extended forecast using the ALLSCAT analysis mean was encouraging,
showing the favorably suppressed northward deviation of the cyclone track in comparison to the
GAGSM downscale experiment (Fig. D-2-4). In order to justify the utilization of these QC-rejected
data, new QC criteria are necessary. GAQC uses the GSM forecast as the first guess, but the NHM
forecast should be used in the LETKF cycles. Also, GAQC automatically rejects all wind observation
data exceeding 30 m/s, but such the wind speed may not be rejected around the cyclone center. Thus,
criterion modification of QC is considerable. Besides, investigation of the influence of other analysis

factors (e.g., localization and covariance inflation) is a significant future subject.
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Fig. D-2-1. Data assimilation cycle and the extended ensemble forecast.
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Fig. D-2-2. Surface wind distribution at 12 UTC on 29 April 2008 in the Bay of Bengal
observed by QuikSCAT Seawinds. a)Winds used in the JMA global analysis. b) Winds
rejected in QC.
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Fig. D-2-3. Wind speed field of most depressed member in the extended ensemble forecast
at 06 UTC on 2 May. a) GAQC case. The center pressure is 962 hPa. b) ALLSCAT case.
The center pressure is 960 hPa.
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Fig. D-2-4. Forecasted cyclone tracks from 12 UTC 30 to 06 UTC 3 May. Thick solid line indicates
the downscale experiment (GAGSM), and thin dotted line represents the extended forecast from
the LETKF analysis (ALLSCAT) with the ensemble size of 20.

_49_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

D-3. Ensemble prediction of cyclone Nargis and the associated storm surge1
D-3-1. Introduction

In Section D-1, numerical simulations of the Myanmar cyclone Nargis and the associated storm
surge using the JMA nonhydrostatic model (NHM; Saito et al., 2006a; 2007) and the Princeton Ocean
model (POM; Blumberg et al., 1987) were presented, based on Kuroda et al. (2010). A storm surge of
about 3.2 m was simulated in southern Myanmar, but the cyclone center lagged about 120 km in
position at the 48 h forecast and the predicted intensity of the cyclone was weaker than the analyses
by the Regional Specialized Meteorological Center (RSMC) New Delhi and the Joint Typhoon
Warning Center JTWC).

It is well known that the magnitude of a storm surge highly depends on the track and intensity of
tropical cyclone (TC) and NWP has unavoidable forecast errors due to uncertainties of initial and
boundary conditions and the model’s dynamics and physics. Therefore, probabilistic forecasts
accounting for these uncertainties can contribute to the mitigation strategies for natural disasters. In
this study, a mesoscale ensemble forecast of cyclone Nargis using the JMA nonhydrostatic mesoscale
model with a horizontal resolution of 10 km and simulation of the associated storm surge were

conducted by Saito et al. (2010a).

D-3-2. Mesoscale ensemble prediction using NHM

A mesoscale ensemble prediction system (EPS) was developed to consider errors in the forecast
of cyclone Nargis. NHM which covers the Bay of Bengal and its surrounding areas (Fig. D-1-2) with a
horizontal resolution of 10 km was employed as the forecast model. JMA’s high-resolution global
model plane analysis at 12 UTC 30 April 2008 is used as the initial condition and the 6 hourly GSM
forecast GPV (0.5 x 0.5 degrees, 17 levels) supplied from the Japan Meteorological Business Support
Center (JMBSC) is used as the boundary condition of the control run. The EPS runs up to 72 h with 21
ensemble members including the control forecast.

To provide the initial conditions of ensemble runs, perturbations from JMA’s operational one-week
EPS (WEP), which were obtained based on the global model singular vector method, are extracted by
subtracting the control run forecast from the first 10 positive ensemble members in WEP. Since the
highest level of the archived pressure plane forecast GPV of WEP is 100 hPa and is lower than the
model top of the 40 level NHM (22.1 km ~ 40 hPa), forecast GPVs of WEP are first interpolated to the
32 level hybrid NHM model planes (model top is located at 13.8 km ~ 160 hPa), and perturbations are
extracted by subtracting the interpolated field of the control run from perturbed runs. The perturbations
are then normalized and added to the initial condition of the control run of the 40 level hybrid NHM.
This procedure was originally developed for the WWRP Beijing Olympics 2008 Research and
Development project (Saito et al. 2010b). For further details of normalization, see Saito et al. (2010a).

D-3-3. Ensemble prediction with initial perturbations

' K. Saito, T. Kuroda, M. Kunii and N. Kohno (JMA)
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Figure D-3-1a plots tracks of Nargis until the valid time of 0600 UTC 2 May (FT=42) predicted by
the 10 km NHM ensemble with initial perturbations. Most ensemble members predicted center
positions of the cyclone east of the best track, and the landfall times are earlier than those observed.
One of the reasons for this error is the positional lag of the cyclone center at the initial time (FT=0).
Predicted positions of the cyclone center at FT=42 are distributed in an elliptical area elongated in the
moving direction, and all ensemble members except one made landfall on the west coast of southern
Myanmar. The average of relative displacements of the cyclone centers from the control in ensemble
members is about 90 km.

Figure D-3-1b indicates the time evolution of center pressures. Despite the small initial perturbation
in pressure, predicted cyclone center pressures range from 972 to 982 hPa at FT=42. One members
intensified Nargis up to 966 hPa at FT=38 (0200 UTC 2 May). This intensity is weaker than the
JTWC’s best track data (941 hPa at 0000 UTC and 937 hPa at 0600 UTC 2 May), but comparable to
the best track data of RSMC New Delhi (Fig. D-1-1; 972 hPa at 0000 UTC and 962 hPa at 0600 and

1200 UTC).
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D-3-4. Ensemble prediction with initial and lateral perturbations
Figure D-3-2 illustrates tracks and evolution of center pressures of Nargis predicted by the NHM
ensemble with both initial and lateral boundary perturbations. The center positions at FT=42 are
distributed in an elliptical area with a major axis in the moving direction but are obviously dispersed
over a wider area than those in the case without lateral boundary perturbations. Evolution of cyclone
pressures (Fig. D-3-2b) also exhibits a larger spread, about 15 hPa in intensity, and timing of minimum
pressures ranges from FT=36 to FT=60. Most cyclone tracks have northerly biases, but some members

in Fig. D-3-2a have no northerly biases.
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RMSEs of ensemble means are smaller than those of the control run and also smaller than those for
the case without lateral boundary perturbations (see Fig.13 of Saito et al. (2010a)). Magnitudes of
ensemble spreads are smaller than RMSE but reach about 70 % of RMSEs. These results suggest that

the ensemble forecast is further improved by including lateral boundary perturbations.
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D-3-5. Storm surge simulation

Storm surge simulations were performed using surface winds and pressure from ensemble
predictions. The Princeton Ocean Model with a horizontal resolution of 3.5 km was used as in section
D-1. The initial time of this simulation was 1200 UTC 30 April 2008, and the ocean model was
initiated from a static state. As the input data, 10 m horizontal winds and sea level pressures were
given in every 10 minutes from WEP forecasts or NHM ensemble forecasts.

Figures D-3-3a-c plots the time sequence of wind speeds, wind directions and water levels predicted
by WEP at the Irrawaddy point (16.10N, 95.07E). Maximum surface wind speed from the WEP
control run at the Irrawaddy point is about 5 m/s at 1200 UTC 2 May (FT=48). Maximum wind speed
in all ensemble members is about 7.5 m/s (Fig. D-3-3a). In Fig. D-3-3b, wind directions of most
ensemble members became clockwise, but became counterclockwise in two members. A small storm
surge was simulated by WEP winds. Consequently, the maximum water level is about as low as 0.3 m
in the control run and 0.6 m in all ensemble members (Fig. D-3-3c).

Figures D-3-3d-f plots the time sequence of wind speeds, wind directions and water levels at
Irrawady point by the NHM ensemble prediction. The maximum surface wind speed (25 m s™) was
attained by the control run (Fig. D-3-3d). Several members predicted strong winds exceeding 20 m s™,

but timings of the strongest wind are dispersed within 30 hours from 2000 UTC 1 May (FT=32) to
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0200 UTC 3 May (FT=62). Wind directions (Fig. D-3-3¢) in most members were southerly until 2000
UTC 1 May (FT=32) and changed to westerly after 1700 UTC 2 May (FT=53), suggesting that the
simulated cyclone in each member passed north of the Irrawaddy point (except in two members). The
water level at the Irrawaddy point reached 3.2 m at 0700 UTC (FT=43) in the control run. Two
members predict high water levels near 4 m at FT=33 and FT= 37, while two other members
simulated 3.1 m storm surges at FT=45 and FT=56.

From the time sequences plotted in Fig. D-3-3f, we can compute the maximum, minimum and
center magnitudes of water levels. Assuming equal weight for all ensemble members, we can compute
25 % and 75 % probability values from the number of members that exceeds the corresponding
thresholds (Fig. D-3-4). We can see that at the Irrawaddy point, a storm surge of about 1.8 m is
expected with a probability exceeding 50 %, and 2.2 m with a probability of about 25 %. In the worst
cases, water levels may reach about 4 m. We can notice that the possibility of the peak water level
becomes maximum around FT=42, but the highest water level may occur earlier or later such as
FT=33 or FT=60. This kind of figure is obtained only by the high resolution ensemble prediction, and

gives important information on forecast errors and reliability for effective risk management.
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Fig. D-3-3. a) Time sequence of wind speeds by the WEP ensemble prediction at the Irrawaddy
point. Control run is depicted by a thick line. b) Same as in a) but for wind directions. c) Same
as in a) but water levels simulated by POM. d)-f) Same as in a)-c) but by the NHM ensemble
prediction. After Saito et al. (2010a).
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D-4. Mesoscale data assimilation experiment of Myanmar cyclone Nargis'

It is important to prepare accurate initial fields for the forecast of tropical cyclones (TCs) with
numerical models, and the resolution of the models is critical to predicted TC intensity. However we
are usually forced to use the coarse-meshed initial fields produced by global model analysis in low
latitudes, where tropical cyclones originate and develop. In this study, a mesoscale data assimilation
(DA) system was developed for low latitudes, and DA experiments for tropical cyclone Nargis were
conducted. A tropical cyclone bogus (TCB) procedure was also developed for the Bay of Bengal, and

its impact was investigated.

D-4-1. Development of a data assimilation system in the low latitudes

To develop a low-latitude DA system, we modify the mesoscale 4 dimensional variational data
assimilation system (Meso 4D-Var; Ishikawa and Koizumi 2002; Koizumi et al. 2005) of Japan
Meteorological Agency (JMA) and apply it to the tropics. Meso 4D-Var was used as the operational
mesoscale DA system at JMA from March 2002 to April 2009. The dynamical core of this system is
based on JMA’s hydrostatic spectral model (MSM). The system consists of a nonlinear forward model
and a simplified adjoint model whose horizontal resolution is 20km. An incremental approach is
employed where the analysis field is made by an outer model with a horizontal resolution of 10km.

In this study, we shift the domain of Meso 4D-Var to a low-latitude region that covers the Bay of
Bengal (Fig. D-4-1). Map projection is also changed from the Lambert conformal projection to the
Mercator projection for low latitudes. Topography, land-sea distribution, and climatological
sea-surface temperature data were newly prepared according to change of the domain. Specifications
of the new 4D-Var system in the tropics are listed in Table D-4-1.

In addition to above-mentioned some modifications, the regression coefficient for balanced wind
was modified in order to appropriately perform Meso 4D-Var in low latitude. Meso 4D-Var control
variables consist of virtual temperature (T), model surface pressure (P;), specific humidity (q), and
unbalanced wind (uy,Vvy). These variables are regarded as uncorrelated with each other. The

relationship between unbalanced and balanced (geostrophic) wind is defined by
AuU _ Au RdT_V
) -3 ons00 ).

where ¢ is the geopotential height, p is the atmospheric pressure, Ry is the gas constant for dry

air, Ty, is the virtual temperature in basic field, and k is the vertical level. Here, G is the regression
coefficient matrix of wind expressed as
Iyx TIxy
G=( ). D-4-2
Tyx Tyy ( )
The term in parentheses in the second term on the right-hand side of Eq. (D-4-1) is called the
mass variable.

In the operational Meso 4D-Var, the unbalanced wind is calculated as

'M. Kunii, Y. Shoji, M. Ueno and K. Saito
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u r r u
(vo) = () = (e 1) (3): ©-4+3)
where Ug and Vg are the geostrophic wind components, and I'yy is the regression coefficient
for components between east-west and east-west, I'yy is that for components between north-south and
north-south, Iy, is that for components between east-west and north-south, and ryy is that for
components between north-south and east-west.

In the operational Meso 4D-Var system, the coefficient matrix G was determined statistically in
the original mid-latitude domain. Figure D-4-2a presents the regression coefficients in mid-latitude
used in the operational Meso 4D-Var as a function of vertical level (Ishikawa and Koizumi 2002). The
geostrophic balance argument has some validity at mid-levels, while it is decreased at low levels due
to surface friction.

In this study, it is conceivable that the geostrophic balance argument is not necessarily valid in the
new domain since the analysis domain is extended to low latitudes. To solve this problem, we
reconstructed G, which was applicable to the tropics. First we executed preliminary forecast
experiments in the domain with low latitudes in order to investigate the degree of geostrophic balance
statistically. We then divided the whole domain into some equal parts in the north-south direction, and
calculated the regression coefficients for each of sub-domains. The result indicated that the
geostrophic balance argument was valid in mid-latitude, but was not satisfied fully near the equator.
We determined a new weighting coefficient as a function of latitude based on the amplitudes of
coefficients in each partial domain (Fig.D-4-2b).

Since the statistical period above seems insufficient for constructing background error covariance
matrix(B) itself, we merely utilize the weighting function from the statistical results in order to take
into account the latitudinal dependency of the geostrophic balance. We used B designed for the
operational model and multiplied the regression coefficients of mid-latitude by the new weighting

coefficient.

D-4-2. Tropical Cyclone Bogus (TCB)

In low latitudes where cyclones are generated, the density of observations is generally sparse.
Therefore, in cyclone predictions, especially in the operational NWP, it is common to use pseudo-data,
called TCB, which expresses typical structures of TCs based on cyclone central pressure (Pc) and
gale-force wind (exceeding 15 m/s) radius (R;5). The Ry5 and P, of a typhoon in the western North
Pacific are determined by JMA’s forecasters every 3h. However, the JMA estimates of the TC
parameters are not routinely available over the Bay of Bengal. To prepare TCB data for Nargis, we
tested the following two TC parameter estimation methods and assessed the impact of resulting TCB
data on the forecast.

(a) TCBa
With this method, Nargis’ central pressure P; (or gale-force wind radius R;5) was estimated by

using a statistical regression formula between the 10-min maximum wind and central pressure (or

_55_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

gale-force wind radius) obtained from the JMA best-track data from 2004 to 2007.
(b) TCBb

In the second method, we intended to use the data available for real-time prediction, specifically
using the central pressure estimated by RSMC New Delhi's best-track data for P.. Also, instead of
resorting to a statistical approach as in the first method, R;5 was estimated from satellite-based
scatterometer (QuikSCAT) sea-wind data. Depending on the availability of QuikSCAT surface-wind
observations, R;s was first obtained at 1500 UTC on 28 July, 1200 UTC on 29 July, and 0600 and
1200 UTC on 30 July for the analysis period. A linear interpolation of the values was then made

between the corresponding times in order to determine R;5 every 6 h over the entire period.

D-4-3. Numerical experiment for cyclone Nargis

We performed numerical experiments using the JMA NHM (Saito et al. 2006; 2007) with a
horizontal resolution of 10km. We focused the initial time in our experiments on 1200 UTC 30 April
2008, two days before the landfall of Nargis. In order to assess the impact of DA, the following initial

conditions were tested.

(1) GA
JMA's high-resolution global analysis (GANAL) at 1200 UTC 30 April.
(2) MA12
Initial field produced by a successive 12h DA using Meso 4D-Var from 0000 UTC to 1200 UTC
30 April, which included four 3-h assimilation windows.
(3) MA24
Same as MA12, except that the data assimilation period is 24h from 1200 UTC 29 to 1200 UTC
30 April.
(4) TCBal2
Same as the MA12 experiment, except that TCBa data were assimilated into the model.
(5) TCBa24
Same as the MA24 experiment, except that TCBa data were assimilated into the model.
(6) TCBb12
Same as the MA12 experiment, except that TCBb data were assimilated into the model.
(7) TCBb24

Same as the MA24 experiment, except that TCBb data were assimilated into the model.

Vertical profiles of relative humidity averaged over the whole domain at the initial time are
presented in Fig. D-4-3. A glance at this figure reveals that the moisture field of GA is drier than those
of MA12 and MA24, especially at the 850 to 300 hPa levels. This is probably a manifestation of the
dry bias at middle and lower levels in JMA's global spectral model (GSM), which was pointed out by
Miyamoto (2009). It seems that DA experiments conducted in this study more appropriately modified
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the mean bias of moisture fields that appeared in the first guess. In this case, the assimilation of the
PWYV and 1 h accumulated precipitation data retrieved from the satellite-based microwave radiometer
effectively ameliorated the analysis fields over the ocean, where observational data were scarce.

Surface-wind fields at the initial time also indicate certain differences between the GA and other
experiments (MA12 and MA24). In GA, southwesterly flow dominates over a wide area southeast of
the cyclone. In other experiments, southwesterly flows are limited south of the cyclone, and over the
sea east of 90°E southerly winds prevail. These southwesterly and southerly flows converge in the area
between the cyclone and the Andaman Islands. This convergence of surface flows in the humid
environment mentioned above seems to cause the increase of PWV in the MA12 and MA24
experiments. For detail, see Kunii et al. (2010).

Figure D-4-4 presents time series of pressure (Figs. D-4-4a, D-4-4c, and D-4-4¢) and track (Figs.
D-4-4b, D-4-4d, and D-4-4f) of the cyclone center predicted by NHM using different initial conditions,
along with the best track of RSMC New Delhi and the estimated sequence by the Indian National
Centre for Ocean Information Services (INCOIS) (hereafter, collectively called “best tracks”).In the
GA experiment, the center pressure became minimum (969hPa) at FT = 36 (0000 UTC 2 May). In best
tracks, the center pressures reached minimum values at 0600 UTC 2 May. In this case, the simulated
cyclone moved faster than best tracks and made landfall between 0000 and 0600 UTC 2 May at
southern Myanmar. This earlier landfall could be the cause of the earlier occurrence of minimum
pressure. In MA12, the cyclone central pressure at the initial time is almost the same as with the GA
experiment. However, improvements in the prediction of cyclone intensity and speed are obtained. In
this experiment, the timing of the minimum pressure is the same as in the INCOIS analysis, and the
cyclone central pressure is consistently deeper than that in the GA experiment. Amelioration of dry
bias at lower levels in analysis fields (Fig. D-4-3) may have helped the cyclone’s development.

Assimilation of TCB (TCBal2, TCBa24, TCBb12, and TCBb24) intensifies the cyclone. Cyclone
central pressures at 1200 UTC 30 April (FT = 0) become deeper compared with experiments without
TCB. Predicted cyclone center pressures at the mature stage in the TCBa experiments are between the
RSMC New Delhi best track and the INCOIS estimation. The cyclones in the TCBb experiments tend
to develop at a slower rate and to a lesser degree than in TCBa. A smaller gale-force wind radius in
TCBDb cyclones may have caused this difference. If we assume comparable reliabilities of the two

cyclone intensity analyses, the center pressure predicted by TCBa24 seems best.

D-4-4. Summary

We developed a mesoscale data assimilation system in low latitudes and conducted forecast
experiments for tropical cyclone Nargis. The JMA Meso 4D-Var system, which was designed for
operational mesoscale data assimilation in the mid-latitudes, was modified for application to the
tropics. In addition, a procedure for TCB calculation in the Bay of Bengal was developed based on the
JMA’s operational scheme. At first, we statistically estimated the gale-force wind radius from the 10

min averaged maximum wind to make TCB profiles (TCBa) since no information about the gale-force
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wind radius was available for Nargis.

The results show that the DA system developed in this study is useful for the real-time simulation

for TCs in Bay of Bengal. It is expected that in the future such a DA system will contribute to

mitigating meteorological disasters in the low-latitude region, including Southeast Asia.

Table D-4-1. Specifications of the original Meso 4D-Var and this study. After Kunii et al. (2010).

Original

This Study

Method

Incremental method

Forward model

A hydrostatic spectral model with a horizontal resolution of 10 km and 40
vertical levels up to 10 hPa. Three types of precipitation scheme; a large-scale]
condensation scheme, amoist convective adjustment scheme for nud-level
convection and a prognostic Arakawa-Schbert scheme for deep cumulus

convection

Adjoint model

Same dynamical process as the forward model but has only a few plyysical
processes: simplified vertical diffusion, simplified long-wave radiation, gnd-
scale condensation and moist convection adjustment.

Lateral boundary condition

Forecast of Global Spectral Model (GSM; TL959L60)

1 hourly original data

(0.1875 degree gausian grid, 60 model
planes)

6 hourly data distributed from Japan
Meteorological Business Support

Center (IMBSC)
(0.5 degree, 17 pressure levels)

Assimilation window

6 hours

3 hours

Observational data

*All observation data are treated
as observed hourly. That 1s all
data between -30 and +29
nmunutes fo the clock time are
regarded as observation s at the
clock time.

Radio-sonde, synop (surface). ship,
buov, atrcraft wind and PWV fields
retrieved from satellite-based
microwave scatterometer/tadiometer,
tropical cyclone bogus.
Wind-profiler, doppler-radar radial
wind. Radar-AMeDAS analyzed
rainfall

Radio-sonde. synop (surface). ship,
buoy, atreraft wind and PWV fields
retrieved from satellite-based
microwave scatterometer/radiometer,
tropical cyclone bogus (only TCB
experiments).

Map projection Lambert conformal projection Mercator projection
) _ 10 km 10km
Horizontal grid | Outer model (361 x 289) (401 x 301)
resolution
. 20 km 20 km
rid size
(g ) | Inner model (181 x 145) (201 x 151)
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Fig. D-4-1. Domain of Meso 4D-Var in this study. After Kunii et al. (2010).

Regrassion Coefficients of Geostrophic Wind in Mud-latiwde

-R‘i;www;‘f I"l

r,_... e
L

ny —— 4
i s Fpr —— |
Undzdw'buﬁ'ﬂt-*_ -:E.:T”*HH_M%‘_T |

I

o
e & g e b g,

5 10 15 20 -

Vartical Lawel

Weighting Coefiicent

(b)
12 B , .
Waighting Coght. —e—
08 b
\qk:
06 L]
Gh
04t k’hh
- KMM__
0 i | :
53 40 30 20 10 1]
Lalitude (deg.)

Fig. D-4-2. (a) Regression coefficients of geostrophic wind in mid-latitude. X- and Y-axis represent the model
vertical level and the regression coefficient. Here, 1, represents the regression coefficient for components
between east-west and east-west, 1y, represents that for components between north-south and north-south, ry,
represents that for components between east-west and north-south, and ry, represents that for components
between north-south and east-west (Ishikawa and Koizumi 2002a). (b) Weighting coefficients for the
regression coefficients of geostrophic wind in mid-latitude. After Kunii et al. (2010).

Vertical profile of RH (whole domain)

100
200
300
400
500
600
700
800
900

Vertical level (hPa)

1000 —
20 30 40

Relative Humidity (%)

50 60 70 80

Fig.

_59_

D-4-3. Vertical distributions of relative
humidity averaged over the whole domain for
the experiments of GA (dashed line with open
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(2010).



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

Cantral Frassure sinece 12LITE 30 Apr. 2008 12UTC 30 APR.[FT=0} - 18UTC 02 MAY (FT=54)
— - - : _
@000 Foon e ' ] ® RSMG —— o T
R \_ b M ‘\‘E?J |
E"\\ B NCOIS —— E.i"'!\\ ‘
990 N A p GA \ Y
B . g 18 | MA12 —a— L o i ]
& ggp x\g\ "y ,j?z MAZS —e— } N\
= \ e Ik} 4 AN :
B ogrg LT o X 4 E ~F LESE TP
E 970 = - G\_\_\ﬁ\\ fa 1 E-IB u e = —;;.-" fg’r | I
i N VAP %
b - L
& 960 F \, g T
REMG —=— 14 - ' R
950 [ mCOSE —— % 1 n
G4 N A / A b
WATE —8— [V A ' .
340 WAZY —e— ¥ ‘-.\H/ . i : L
1 1 1
T T T f
) 1000 [ ] RSMC  » T T
B INCOIS —— :}[!' .
390 - ,.;.;‘\ - %
o . " )
80 "" \
?F—-F \“\ ““ﬁn{ "‘*\ /'.f# @
P w =
€ g7g 7 L Wl /;/ 42
a - '\, - o
1.3 ", i \3-( ")/ ‘,'J |
£ 960 | N - J/ .
} MG ! =2 |
REMG —e— !
950 [ MCOS —— N\ /
=A h A
TCBal2 —sa— VAN A
940 | TCBadd4 —e— o \-‘r;;
(E)mm £ 1 ® RSMC —x— ”’f% ' -
! NCOIS —— ?l"*'k )
=i GA : - 5 1;_-:'
§ 3 18 [TCERMZ2 —o i e
E QR i :;g\ :-"" . TCBh2+ . ; N
= '\\ o ; WA
" T k L = _ 4T T
B o700 e e 218 Lt ,AM 7 Loy
=} Ty h.,_ W 5 = e = T . |
NN 37| 7 -
2 ggo - LY S ; :
= ‘ et LR
ASMG A f 14 0
95{:' r - I,"I -1 E i
NGO YA J i Y
":-""x , i 3 Y
940 - TeEns: —a— N A S SN S s
] 12 o4 a5 45 &0 B9 91 a3 a5 a7
FT Longitude

Fig. D-4-4. Time series of pressure (a, ¢, and ¢) and track (b, d and f) of the cyclone center predicted by NHM
using different initial fields, along with RSMC New Delhi’s best-track sequence (gray line with cross marks)
and INCOIS’s estimated sequence (gray line with plus marks). After Kunii et al. (2010).
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D-5. Near realtime retrieval of GNSS precipitable water vapor in low latitudes and
mesoscale data assimilation experiment of Myanmar cyclone Nargis'
D-5-1. Abstract

A trial of near realtime (NRT) analysis of precipitable water vapor (PWV) using global ground
based GPS (Global Positioning System) network was performed. Preliminary evaluation of the NRT
retrieved GPS PWYV in Singapore showed comparable accuracy with those obtained by posterior
analyses that use IGS (International Global navigation satellite system Service) precise ephemeris.

Four-dimensional variational (4D-Var) data assimilation (DA) experiments using the NRT derived
GPS PWYV were conducted for the tropical cyclone (TC) Nargis in 2008. In order to analyze the initial
field at 1200 UTC 30 April 2008, 12, 24, 36, and 48 h sequential DA experiments with 3 h
assimilation windows were performed. The initial fields made by these DA experiments were applied
to subsequent forecast experiments using a nonhydrostatic model (NHM) with a horizontal resolution
of 10 km.

NHM predictions using initial fields produced by DA experiments that used only ordinary
observational data (without GPS PWV) exhibited a large variation of predicted maximum TC intensity
(958 to 983 hPa) for each experiment. In these experiments, a longer assimilation period did not
necessarily result in better prediction. The DA of GPS PWYV yielded a smaller variation of predicted
maximum TC intensity (964 to 974 hPa), and a longer assimilation period tended to bring deeper
depression of TC central pressure. Overall, with GPS data assimilated, the predicted TC intensities
became closer to the best track data produced by the Regional Specialized Meteorological Centre
(RSMC) New Delhi.

D-5-2. NRT analysis of PWYV with global IGS stations

Shoji (2009) introduced a procedure of NRT GPS analysis for the Japanese nationwide GPS
network named GEONET (GPS Earth Observation Network). In this study, the procedure proposed by
Shoji (2009) was enhanced in order to enable NRT analysis for GPS stations not only in Japan but also
all around the world.

In order to serve an operational numerical weather prediction (NWP), NRT GPS analysis refers to
the retrieval of the PWV within several tens of minutes after the observation. The procedure of this
study is based on the Precise Point Positioning (PPP) method (Zumberge et al. 1997). The PPP method
enables us to analyze each GPS station independently with relatively low computational load.
Therefore the method befits the NRT analysis of large number of GPS stations. However, the PPP
requires precise value for orbits (positions and clock) of GPS satellites because the method treats
satellite orbits as known parameter. Satellite orbit accuracy is crucial for PWYV retrieval in the PPP

method.

1'Y. Shoji, M. Kunii and K. Saito
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Representative examples of GPS satellite orbits are provided by the IGS. Table D-5-1 summarizes

the nominal accuracy of the IGS ephemerides.

From the point of latency, IGU is only option for our

NRT analysis. The nominal accuracy of an orbit in the IGU predicted part is about 5 cm. It is about

twice as worse as those stored in IGF and IGR. On the other hand, the clock accuracy of the IGU

predicted part is about 45 cm in length (about 70 mm in PWYV). It is much worse than those stored in

the IGF and the IGR. This suggests that correction to the clock offsets in the IGU predicted part is

inevitable.
Table D-5-1. IGS Ephemerides as of January 2011.
Type Abbr_eviation . Nominal Accuracy
in this study |  Orbits Clocks

Ultr_a' Predicted Half G ~5cm ~1.5ns (~45cm)
Rapid | Apalyzed Half ~3cm ~0.05ns (~1.5cm)

Rapid IGR ~2.5¢cm ~0.025ns (~0.75cm)

Final IGF ~2.5cm ~0.02ns (~0.6cm)

Shoji (2009) selected an IGS station USUD which has been equipped with hydrogen maser atomic

clock, as a reference station to analyze the clock offsets of GPS satellites. This station was installed in

July 1990, on the building roof of the Usuda Deep Space Center of the Japan Aerospace Exploration

Agency (JAXA) in Saku city, Nagano Prefecture (red triangle in Fig. D-5-1 (a)). Firstly, the clock

offset of USUD was analyzed by using the IGS

rapid orbit (IGR), and then, the offset of USUD station

clock was extrapolated for the next two days. Secondly, the offsets of GPS satellite clocks were

analyzed while the extrapolated offsets of the USUD clock were kept fixed as a time reference. In this

step, 23 GEONET stations (blue diamonds in Fig. D-5-1 (a)) were analyzed simultaneously while the

satellites positions were kept fixed at orbits in IGU.
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Fig. D-5-1. (a) Locations of GEONET GPS stations. Small dots: GEONET stations; large blue diamonds (#):
GEONET station used for the analysis of satellite clock offsets in Shoji (2009); filled red triangle (A):
USUD IGS station. (b) Locations of IGS stations. Red diamonds (#): IGS station used for the analysis of

satellite clock offset in this study; green dots (®):

hourly sites; blue dots (®): non hourly sites.
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The network which Shoji (2009) adopted for satellite clock correction (Fig. D-5-1 (a)) modifies
satellite clock information around Japan. In order to correct crock information of all GPS satellites,
IGS’s global GPS network was used as shown in Fig. D-5-1 (b).
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Fig. D-5-2. (a) Two days PWV sequence at IGS site “NTUS” in Singapore from 27 to 28 July 2007. Gray dots
(®): GPS PWVs obtained by using IGF; x marks: those by using IGU; lines: those by using corrected IGU in
this study; red squares (0) radio-sonde in Singapore (48698). (b) Scatter diagram of PWV comparison
between radio-sonde and GPS for 19 days in July 2007. Red squares (m); GPS PWVs obtained by using IGF;
blue triangles (A ): those obtained by using corrected IGU in this study; gray x marks (X): those obtained by
using IGU.

Figure D-5-2 shows the comparison of the PWV retrieved by GPS and radio-sonde in Singapore.
GPS PWVs obtained by using modified IGU (IGUm) in this study represent much the same
performance with those obtained by using IGF. Those two agreed with radio-sonde observation with
approximately 2 mm in root mean square (RMS) differences, whereas those obtained by using IGU

resulted in large amount of errors (~21 mm in RMS).

D-5-3. Mesoscale data assimilation experiment of NRT GPS PWYV for Myanmar cyclone
Nargis

Kunii et al. (2010) modified the Meso 4D-Var in order to apply the system to low latitudes, and
conducted DA experiments on Myanmar cyclone Nargis in 2008. Their results demonstrated the
effectiveness of the DA system for the prediction of Nargis. They succeeded to reproduce the
cyclone’s minimum central pressure lower than 960 hPa. Also, they suggested the significance of
observation enhancement around the Bay of Bengal.

In order to assess the impact of GPS PWV for TC prediction in low latitudes, we conducted DA
experiment using DA system developed by Kunii et al. (2010). We targeted 1200 UTC 30 April 2008
as the initial time for the NHM forecast experiments. It is about two days before landfall of Nargis in
the Irrawaddy river delta around 1200 UTC 2 May.

The following initial conditions were tested.

(a) GA:
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JMA operational Global Analysis (GANAL) at 1200 UTC 30 April is used as the initial field.

(b) MA12, 24, 36, and 48:

Successive DA cycles with 3 h assimilation windows were performed. Assimilation periods of the
DA experiments were 12, 24, 36, and 48 h. Radio-sonde, synop (surface), ship, buoy, aircraft, wind
and PWV fields retrieved from satellite-based microwave scatterometer/radiometer were assimilated
with hourly data slots. GANAL at 1200 UTC 28 April was used as the initial condition for the first DA
window and produced the first-guess field by the hydrostatic mesoscale spectral model of JMA
(MSM) prediction. Fields analyzed by previous DA windows were used as initial conditions of
subsequent DA windows.

(c) GPS12, 24, 36, and 48:

These experiments are the same as the above MA experiments, except that GPS PWV is added to
the assimilation data during the entire assimilation period. Figure D-5-3 shows the domain of our DA

and NWP experiments together with locations of assimilated GPS sites.
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Figure D-5-4 plots the time series of TC central pressures predicted by NHM, along with RSMC
New Delhi’s best track and estimated sequence by the Indian National Centre for Ocean Information
Services (INCOIS) (hereafter, labeled “best tracks” for descriptive purposes).

When GANAL at 1200 UTC 30 April was used as the initial field (GA), NHM predicted a
minimum TC central pressure of 969 hPa at FT = 36. The 12 h DA of ordinary observational data
(MA12) resulted in a deeper depression of 958 hPa at FT = 42. However, NHM predictions using
initial fields produced by ordinary observational data (MA12, 24, 36, and 48) indicated a large
variation of the minimum TC central pressures (958 to 983 hPa). Among these four experiments, 12 h
data assimilation (MA12) produced the deepest pressure dip. The 24 h and 36 h DA resulted in a
decrease of pressure depression of more than 10 hPa from MA12. Furthermore, MA48 had the poorest
performance.

By assimilating GPS PWV (GPS12, 24, 36, and 48), the variation of predicted TC central pressures
became smaller (964 to 974 hPa). GPS12 resulted in 6 hPa larger minimum pressure than that of
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MAT12. However, other experiments (GPS24, 36, and 48) predicted significantly deeper minimum
pressures than MA24, 36, and 48. Cyclone development was quite insufficiently predicted by MA48,
whereas GPS48 successfully predicted the second deepest minimum central pressure among the four
experiments that assimilated GPS PWV (GPS12, 24, 36, and 48). Overall, TC intensities predicted by
DA experiments with GPS data (Fig. D-5-4b) were closer to the best track produced by RSMC New
Delhi than the DA experiments without GPS data (Fig. D-5-4a). The cause of such a significant
difference is discussed in Shoji et al. (2011).

(a) Central Pressure Sequence of "MA”™ {b) Central Pressure Sequence of "GPS”

1000 i
990
E 980
&=
[+1]
2 970
(]
&
e 90 b ooy /
INCOIS —w— %
L GA / i
90 F etz —a— /
MA24 —8— '\ /\\ /
| MAZE —e— : \ |
40 [ Mazs —— . \/i . | | |
FT O 12 24 36 48 B0 0 12 24 36 48 60

12UTC 0ouUTC 12UTC oOUTC 12UTC oouUTC 12UTC oouTC 12UTC oouTC 12UTC 00UTC
J0Apr D1May DMy DEMay DEMay 00May I0Ape 01 May D1May D2May D2May EMay

Fig. D-5-4. Time series of TC central pressure predicted by the NHM using different initial fields, along with
best track sequence by RSMC New Delhi (gray line with “+” marks) and estimated sequence by INCOIS
(gray line with “x” marks). After Shoji et al. (2011).
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Fig. D-5-5. Time series of the Nargis track predicted by NHM using different initial fields, along with best track
sequence produced by RSMC New Delhi (gray line with “+” marks) and estimated sequence analyzed by
INCOIS (gray line with “x” marks). After Shoji et al. (2011).

Figure D-5-5 plots the predicted cyclone track, along with best tracks from 1200 UTC 30 April (FT
=00) to 1800 UTC 02 May (FT = 54). In the GA experiment, the simulated cyclone moved faster than
best tracks and made landfall at 0200 UTC 2 May in southern Myanmar. This predicted landfall time
is 10 h earlier than best tracks. The predicted TC pressure at FT =42 in GA decayed, while INCOIS
analyzed the deepest pressure at that time. This disagreement can be attributed to too early landfall in

the GA prediction. In MA12, though a northward bias was observed in the latter half of the prediction,
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moving speed and landfall time improved compared to GA. At FT = 42 in MA12, the predicted TC
center was still located over the ocean, which might have led to further development of the TC at FT =
42.

MAZ24 exhibits a small southward bias in the first half of the prediction but decreases the bias in the
latter half. As a result, the landfall location became closer to that of best tracks. Kunii et al. (2010)
discussed the causes of these differences in the predicted TC track from the perspective of differences
in steering flow.

No large differences in tracks between MA12 and GPS12, or between MA24 and GPS24, are
apparent. GPS36 had a larger northward bias than MA36 from FT = 00 to FT = 36; after that, its
moving direction changed to eastward. The predicted track of MA48 meandered largely north and
south, even though the speed was slower than best tracks and landfall time was several hours delayed.
GPS48 roughly followed the path of best tracks.

Overall, the large variation of predicted TC pressures and tracks represents the high sensitivity of
TC prediction to the initial field and indicates the significance of precise analysis of the initial field.
As pointed out by Kunii et al. (2010), poor observation density around the Bay of Bengal might cause

the large variation in prediction results.

D-5-4. Summary

Our results suggest the importance of accurate analysis around the TC center in the early stage.
Assimilation of GPS PWV improved prediction of intensity and track. However, the analyzed location
of the TC center indicated a gap of several hundred kilometers from the best tracks. These facts
indicate the necessity of further enhancing the observational network. Space-based Microwave
radiometer and scatterometer data tend to be rejected around the TC center from DA in the quality
check process. Novel approaches of quality control and/or direct assimilation of brightness
temperatures may be needed in order to use more space-based remote sensing data. GPS observation is
not affected by weather conditions; thus, it is always available as a continuous water vapor sensor. The
results obtained in this study encourage the use of GPS, especially in data-sparse areas like the Bay of

Bengal.
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D-6. Asymmetric features of near-surface wind fields in typhoons revealed by the JMA
mesoscale analysis data'

Recently the relationships between azimuthal wavenumber-one inner-core structures of tropical cyclones
(TCs), and environmental vertical wind shear, have been increasingly investigated with numerical simulations
at high resolution and theoretical considerations. However, due to the lack of detailed observations, which are
usually obtained through a special field observational program, the results have not been endorsed by
observational studies in a systematic manner. A viable alternative for detailed observations is analytical gridded
data produced with a relatively high resolution by using a state-of-the-art data assimilation technique, such as
the mesoscale analysis (hereafter referred to as "meso-analysis") data operationally produced at the Japan
Meteorological Agency (JMA).

Over the years, researchers have developed parametric wind models to depict the surface winds within a TC.
Parametric models have shown utility in creating wind fields as input to models such as the wave model, storm
surge model, statistical-parametric model to predict TC wind radii, and pressure—wind model to relate the
minimum central pressure to maximum surface winds in TCs. In most of such studies storm motion is assumed
to be the only contributor to the near-surface wind asymmetry in TCs. Furthermore, most of previous
theoretical studies on the wind distribution in the TC boundary layer have focused on the effect of TC
translation on the wind distribution. Based on results from a real data simulation of Typhoon Chaba (2004),
however, Ueno (2008) suggested that vertical wind shear could play a dominant role in determining the wind
structure in the TC boundary layer insofar as the shear is significantly large. In the simulation low-level inflow
tends to occur in the downshear-left quadrant, in accordance with the preferred location of rainfall maximum,
and the strongest tangential wind is about 90 ° of azimuth downstream of the maximum inflow. A better
knowledge of the role of vertical wind shear in determining the near-surface wind asymmetry would help to
significantly improve parametric wind models.

The purpose of the present study is to document, in an extensive manner using the meso-analysis data, the
influence of environmental vertical wind shear on the wavenumber-one asymmetries of near-surface wind
components in the TC inner-core region. As a first step to quantify the shear contribution to the near-surface
wind asymmetry in real TCs, we analyze the wind fields at about 20 m height (the lowest analysis level)
obtained from the JMA operational meso-analysis, putting emphasis on the azimuthal location of wind
maximum and its relevance to shear and storm motion. For the purpose a total of 190 cases from 35 typhoons
observed during 20042007 seasons are examined. Figure D-6-1 shows the directional relationship between
shear and tangential wind maximum. The azimuth of tangential wind maximum is found by performing the
first-order Fourier decomposition of earth-relative wind field with respect to the surface center. In the figure

both the shear direction and azimuth of tangential wind maximum are defined relative to the direction of storm

1 M. Ueno and M. Kunii
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motion. The storm motion vector is calculated from the JMA best-track position fixes. As expected, and in
accordance with various earlier observational studies, the wind maxima are found predominantly to the right of
TC motion. Interestingly, however, a small fraction (17 %) of the total cases exhibit a left-of-motion maximum
and it occurs only in cases in which the shear direction is nearly equal to the storm heading. This result is in
qualitative agreement with expectations from the simplified formulae derived in the study, which predict the

tangential wind maximum in storm-relative coordinates to the left of TC center facing in the direction of

enhanced eyewall convection (see Ueno and Kunii (2009) for more details).
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Fig. D-6-1. Directional relationship between vertical wind shear and tangential wind maximum. Vertical axis
denotes the direction (in degree) of shear relative to that of storm motion vector with positive (negative) values
for the shear to the left (right) of the motion, while horizontal one represents the azimuthal direction (in degree) of
tangential wind maximum relative to storm heading. The sampled cases are stratified into two groups according
to whether the shear magnitude is greater than storm translation speed (closed triangles) or not (open circles).
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After Ueno and Kunii (2009).
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D-7. Preliminary validation of TC structure function used in the JMA typhoon bogussing
procedure1
D-7-1. Introduction

Tropical cyclone (TC) vortex initialization is one of the most crucial aspects of mesoscale TC
modeling (Chen 2008). The mesoscale models used for the prediction of TC intensity and/or wind and
rainfall distributions associated with TCs are required to be initialized with a realistic inner-core
structure. However the conventional observational network does not capture the detailed inner-core
structure. As a result, the initial vortex obtained by assimilating observational data is mostly weaker than
the observed one with a larger radius of maximum wind (RMW) (Ueno and Mashiko 2005; Braun et al.
2006). The lack of storm-scale details in the initial conditions likely prevents the model from producing
an accurate forecast of TC intensity due mainly to a vortex spinup problem (Elsberry 2002). Indeed, a
comparative numerical study conducted by Bender et al. (1993) has demonstrated that it is essential to
start with TC vortex of realistic intensity for accurate TC intensity forecasts.

At present, from an operational point of view, a feasible option to prepare a realistic TC inner-core
structure in the initial fields for high-resolution models such as JMA mesoscale model is to use the
so-called "TC bogus observations". At JIMA, a typhoon bogussing procedure has been applied to model
initialization for TC forecasting. In the procedure, a climatological TC structure is constructed based on
real-time TC analysis at the RSMC (Regional Specialized Meteorological Center) Tokyo, and a set of
pseudo observations (or bogus observations) describing the TC structure are created around the TC
center and assimilated into the initial fields for the mesoscale model.

A noteworthy aspect of the JMA typhoon bogussing method is that the symmetric portion of the three
dimensional typhoon structures is totally determined by using an analytical TC structure function (Ueno
1989). The analytical function was originally developed to reproduce the climatological typhoon
structure obtained by Frank (1977) in the initial fields for an early version of the JMA global model.
Although the analytical function has been used since then to generate TC bogus observations, little
attention has been paid to the validity of its use in the current modeling environments, especially in the
high-resolution modeling ones. For example, detailed inner-core structures such as RMW are not always
correctly specified by the method since the wind fields of bogus typhoon are basically determined from
gale-force wind radius and central pressure through the analytical function. Furthermore, some key
parameters to determine the thermal structure of bogus typhoon is best tuned to the models with a
resolution of several tens of kilometers.

In the present study the possibility of improving the accuracy of structure function is explored using
mesoscale analysis data (Ueno and Kunii 2009), JTWC (Joint Typhoon Warning Center) best-track data,
and radiosonde observations for 2004-2007, as a first step toward appropriately applying the typhoon

bogussing method to high-resolution modeling framework.

1 M. Ueno

_69_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

D-7-2. TC structure function

In the typhoon bogussing procedure, an empirical radius parameter (hereafter referred to as RTY),
which demarcates a typhoon vortex from its environment, is determined at first from the gale-force wind
radius and the latitude of the storm center. RTY is defined as the radius at which the rotation speed
around the storm center of an air-ring initially located at the gale-force wind radius becomes zero as it
expands outward conserving absolute angular momentum. In most cases the values of RTY are within
the range of 300 to 1000 km. Once RTY is determined, then axisymmetric surface pressure profile is
specified by using an empirical formula (Fujita 1952) from the JMA real-time warning track
information regarding the central pressure and gale-force wind radius, and ambient surface pressure
(Ueno 1989). To avoid possible aliasing or wrong projection of near-core small-scale features onto the
large-scale ones, which could occur by imposing a tight eyewall on the model grid beyond its resolution,
the surface pressure profile is modified (or smoothed) in a somewhat arbitrary manner so as to fit the
model grid.

The D-value (deviation of axisymmetric geopotential height ( Z) from ambient) at pressure P can be

expressed as

R R
D=Z(r)—ZB=—§j;Td1np+§j;7;d1np
: (D-7-1)
R e R e
:_EJ‘RV(T—Q)dlnp+§IPB]}d1np

where the subscript B denotes an azimuthal average (reference-value) at the RTY of the relevant

quantities. 7 is radial distance from the storm's center and R is the gas constant for dry air. P, is surface
pressure as a function of 7 and P, is the value of P, at the RTY. Remaining symbols are conventional.
The right-most first term is a measure of vertically integrated temperature deviation. On the other hand,
the second term indicates the D-value of Pj isobaric surface, which becomes increasingly negative
value with decreasing P,. Note here that the environmental fields, which need to calculate the
reference-values such as 7, are taken from the most recent forecast (i.e., first guess for the analysis).

Then the problem is to determine the first term. To solve the problem it is assumed that the term can be

expressed by the following analytical function,

plin p—nP)x{inp-n P,y ) +5f " xexp{Blin p~1n P, ) }=AZ(rp). (D72)
The function includes some parameters that determine the warm core structure of the bogus typhoon.
The left-hand first term in Eq. (D-7-2) increases with height (or decreasing p) with a negative constant
f. The second term is symmetric in the vertical about p = P, in terms of In p and takes a maximum
value there for a positive integer n. AZ decreases with increasing ¢ (> 0). The third term is
symmetric in the vertical about p= P, _in terms of In p and takes a maximum value there with the

peakedness determined by the parameter 0 (< 0). By a combined effect of these three terms AZ takes
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a maximum value at a pressure level between p= P, and p = 0. The exact pressure level where AZ
is the largest depends on the relative contribution of the three subsidiary parameters, £, ¢ and 0.

The analytical function AZ was developed to reproduce the axisymmetric warm core structure of
typhoons presented in the Frank's composite study. The vertical profile of temperature anomaly for the

warm core is obtained by differentiating AZ with respect to In p. The key parameters included in the

and P,,,. P,

Tax

function are P,

Tax

denotes the pressure level where the maximum temperature anomaly
occurs. On the other hand, P, is considered to be the pressure level where the temperature anomaly

vanishes above the P,

Tax

-level. Then the relationships between the key and subsidiary parameters are

easily obtained and can be represented as

1

o=-— s D-7-3
2(111le _InPTaO)(lnPTax_lnPTaO) ( )

g:n(lnPTax_]‘nPTaO)

A+\/A2 +M(lnps _lnPTax)z(lnPTax _lnPTao)(lnPs _]nPTao)
x L : (D-7-4)
InP -InP,
_(lnlewc_ln])TaO)2
where

A = (lnPs - 1lll])TaO ){2(1n PTax - lnPTaO )_ (lnps - lrlPTax )} N (D_7_5)

Note here that both & and ¢ could vary with radius because P, is a function of radius. As for S, its
calculation is done separately for the TC center and other places. If both P, and P, , are prescribed
with 7 = 1, which is the current JMA operational setting, then /3 is the only parameter to be determined.
The value of £ at the TC center can be obtained from Eq. (D-7-2) by giving D-value at a certain
pressure level. In the current operational setting, D-value at 700 hPa is used for this purpose since
geopotential height at 700 hPa can be estimated from the central pressure with acceptable accuracy
based on an empirical formula. If the resulting D-value at p = P, _is found positive, then £ is modified
so as to make the D-value reduce to zero there. The value of £ outside the center is obtained based on
the assumption that the temperature anomaly at p = P, , decreases linearly with radius and becomes
zero at the RTY. The assumption is reasonably consistent with Frank (1977) (see Figs. 3 and 4 therein)
and necessary for a smooth transition in thermal structure from bogus typhoon to environment at the
RTY.

The wind fields are derived from the geopotential height fields assuming the gradient wind balance
between mass and wind fields. In the boundary layer the gradient winds are modified to include the
surface friction. Asymmetric components of bogus typhoon are retrieved from the first guess fields and

added to the symmetric ones before the bogus observations are utilized in the data assimilation system

_71_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

(Ueno 1995). In the current JMA data assimilation system, only wind bogus observations are
assimilated.

As mentioned above, the value of £ at the TC center is derived from D-value at 700 hPa (algorithm
I) or D-value (= 0) at p = P, (algorithm II). Ueno (2000) revealed that in most cases £ is determined
through algorithm II, suggesting the importance of the specified value of P, in determining the bogus

TC structure. Nevertheless, P,

Tax

has long been used as a substitute for the pressure level ( £,,,) at which

D-value becomes zero, without sufficient validation of the setting.

D-7-3. Validation of TC structure

The three-dimensional typhoon structure constructed using the TC structure function outlined in the
foregoing section may strongly depend on the previously specified surface pressure profile. In the
current bogussing procedure, the surface pressure profile is tailored to fit the model grid length to avoid
a kind of aliasing error. This modification usually results in a weaker cyclone with a larger RMW.
Figure D-7-1 compares the RMW of meso-analysis typhoon with that from the best-track data archived
by JTWC. The JTWC values of RMW are mostly confined to less than 100 km, while the meso-analysis
ones are distributed much more broadly extending up to 300 km. While this discrepancy might be
mostly attributable to the insufficient horizontal resolution of the data assimilation system, there is a
possibility that the use of Fujita's formula in the operational bogussing procedure, which determines the
axisymmetric component of sea-level pressure, is also responsible for the large RMW bias. The RMW
of bogus typhoon is basically determined through the formula from the following three parameters,
central and ambient sea-level pressures, and gale-force wind radius. This means that even if reliable
RMW value is available on a real-time basis, it cannot be directly used to modify the sea-level pressure
profile due to the limited degrees of freedom of the formula. The use of other formula such as that
proposed by Holland (2008) has the potential to overcome the disadvantage and generate improved

sea-level pressure profile including RMW.

MYl T *

RMW _ITWC

3 Fig. D-7-1. Scatter diagram of JTWC
best track  (ordinate)  versus
meso-analysis (abscissa) for RMW
(km). The total number of cases
evaluated is 240.
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As described in the previous section, the thermal structure of bogus typhoon is primarily determined
by the two key parameters characterizing the warm-core structure, P, and P, ,. They respectively
indicate the pressure level that gives maximum temperature anomaly at the storm center, and the
pressure level where the temperature anomaly vanishes above the P, -level. Since the resultant warm
core structure of meso-analysis typhoons is built up from not only bogus observations, but also past and
current observations through the influence of the assimilating model, there is no assurance that the
parameters retrieved from meso-analysis typhoons coincide with those used in the bogussing procedure.
Figure D-7-2 plots the retrieved pressure levels. The retrieved P, tends to be significantly larger than
the value specified in the bogussing procedure (i.e., 250 hPa), especially for the cases with strong
environmental vertical wind shear. On the other hand, an overall shift to smaller values is found in the
retrieved P, as compared to the specified value (i.e., 100 hPa). Note that the retrieved values could

change with the definition of environments (e.g., RTY).
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As mentioned in the foregoing section, the pressure level ( £,,,) where the D-value becomes zero has
long been set to Py, in the operational bogussing procedure possibly as a result of some early empirical
efforts to best tune the parameter to the numerical models of the time. Here in the present study the
validity of the P, , setting is examined using the radiosonde and surface synoptic observations obtained
in the near-core region of typhoons during the period 2004—-2007. The validation study is done using the
bogus observations that include asymmetric components extracted from the first guess fields. Table
D-7-1 shows the errors of bogus observations produced with the operational setting, comparing with
those with a trial parameter setting. The trial setting follows Ueno (2000) who found that the setting
P,

a

o = P, leads to a smallest mean error irrespective of TC intensity when the fitting process to the

model grid is not applied to the surface pressure profile. Note that the fitting process usually results in
reducing the sharp pressure gradients near the center of an intense storm. So the parameters tuned with

the process being skipped are considered more appropriate for very high-resolution models. As seen in
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the table, the trial set of parameters yields smaller errors throughout the depth of troposphere, consistent

with the verification results of Ueno (2000).

Table D-7-1. Root-mean-square (RMS) difference between bogus and radiosonde observations
evaluated for geopotential height (left three columns) and wind (right ones) within the radius
obtained by multiplying the typhoon radius by factor 0.3. OPE and TRI denote the RMS
differences obtained with an operational and a trial setting of key parameters, respectively.
The numbers of cases evaluated are around 2000 for the surface and around 200 for the rest.

GPH (m) Wind (m/s)

Level |OPE TRI Level |OPE TRI

Surf. -33.9{1 38.90 Surf. 16.77 16.77
850 (4057|3787 850 11.97 11.73
700 3784 |33.66 700 9.50 598
500 3289 [3231 500 9.12 804
400 3696 [34.59 400 9.74 8.27
300 41.62 |32.88 300 8.88 7.74
250 4543  |33.04 250 8.31 7.58
200 3868 |36.71 200 8.51 799

D-7-4. Summary

In the present study, initial data problems arising with high-resolution TC modeling are discussed,
focusing on the validity of TC structure function used in the JIMA bogussing procedure. It is found from
the study that (i) the radius of maximum wind (RMW) of the meso-analysis typhoons tends to be
significantly larger than that estimated by JTWC on the whole, (ii) the warm core structures of the
meso-analysis typhoons are significantly different from those intended by bogus observations, and (iii) a
modification of key parameters in the structure function could provide the inner-core TC structure more
consistent with radiosonde observations. These results suggest that there is still plenty room for
improvement in the current TC vortex initialization using the TC bogussing method, especially in the

context of high-resolution modeling.
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D-8. Re-Analysis and re-forecast of Typhoon Vera (1959)"
D-8-1. Introduction

Typhoon Vera attacked Japan around 18 JST (Japan Standard Time) on 26 September 1959. Vera
caused the most tragic disasters after World War II, especially to the Ise Bay area located at middle
part of the Japan Island, i.e. total amount of death toll was 5,098 and total number of total lost houses
was 40,838. These were mainly induced by the storm surge, whose tide level at Nagoya port was 383
cm. The location of the Ise Bay and Nagoya To prevent such the tragic disaster, it is necessary that
forecasts of its track and intensity are really precise.

Japan Meteorological Agency (JMA) has started the long-term global-reanalysis project from 1958
to 2012, called as the JRA-55 (Ebita et al. 2009), which is a successor for the JRA-25 (Onogi et al.
2007). The JRA-55 project provided us the pilot analysis and observational data associated with Vera.
In addition, we found the flight level and drop sonde observations by the US air force in the report for
Vera of JIMA (JMA 1961), and decided to use these observations in our study. The purposes of this
study are a) the confirmation that the JMA operational meso scale analysis and forecast system are
useful for super typhoon Vera, b) the challenge to assimilate the typhoon center pressure observations

by direct observations.

D-8-2. Typhoon Vera

Typhoon Vera was generated 200 km west of Eniwetok Atoll on 20 September 1959 as a tropical
cyclone, developed to a typhoon at 15 JST on 23 September, and was recorded minimum pressure of
894 hPa (Fig. D-8-1, Fig. D-8-2). At the same time, the maximum wind speed of 70 m h' was
estimated, and Vera became “super typhoon”. At 18 JST on 26 September, Vera made landfall on the

Kii Peninsula and surface pressure of 929 hPa
was recorded at the  Shionomisaki
observatory very near from the landfall point.
This value is the second record as the surface
pressure at landfall time in Japan. After the
landfall, Vera passed the Japan Island within
6 h.

D-8-3. Methodology

D-8-3-1. Observations, assimilation and

forecast systems

In this study, upper sounding, surface 5t 13oc 135t 140t 145c 150E 1S5E 160F 165€ 170

observation, ship, aircraft data were used (Fig. Fig. D-8-1. Best track of Typhoon Vera.
D-8-3). The aircraft observations are Dates are indicated with UTC.

T Kawabata, M. Kunii, N. Kohno (JMA), K. Bessho, T. Nakazawa, Y. Honda (JMA) and K.Sawada
(JMA)
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distributed in area of 20-30 N, 130-140 E. Aircraft data consists of flight level data by air-born sensor
around 700 hPa height and drop sonde observations in the typhoon center and around the typhoon.

An assimilation system in this study is the JMA operational meso scale nonhydrostatic
4-dimensional variational assimilation system (JNoVA; Honda et al. 2005). Horizontal resolutions of
inner and our loop of JNoVA are 15 and 5 km, respectively. In JNoVA, an adjoint scheme of large
scale condensation as moisture process is implemented. A forecast system is the JMA operational
meso scale nonhydrostatic model (JMANHM; Saito et al. 2006). Its horizontal resolution is 5 km. A
bulk cloud microphysics and the KF parameterization (Kain and Fritsch 1993) schemes are

implemented.

D-8-3-2. Experimental

design 1010 S~ — S
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Fig. D-8-2. Time series of sea level pressure at the Typhoon Vera
GSM  result  (hereafter center. Assimilation term is shown in the horizontal line area and
forecast term is shown in the shaded area.

NHM-20km) from 09 JST
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This result was used as a

a A AmAdA
a8 £
P

first guess field.
Assimilations using

JNoVA were conducted from

09 JST 25 Sep. to 09 JST 26

Sep. with 3-h assimilation

) Fig. D-8-3. Distribution of observational data in the 24-h assimilation
window. After that, 36-h term.. Surface (circles), ship (triangles), upper soundings (crosses),
forecast by IMANHM with aircraft data at flight levels (squares), and drop sonde (stars).

1308 140% 1508
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5 km grid spacing was conducted (NHM-5km) from 09 JST 26 Sep. to 21 JST 28 Sep.. Assimilation
and forecast term associated with the Vera life time are indicated in Fig. D-8-2. Assimilation and

forecast region is illustrated in Fig. D-8-4.

D-8-3-3. Assimilation method of drop sonde observations in the TC center

In general, numerical models can not represent strong tropical cyclone (TC) similar with actual one,
because of its coarse resolution and simplified physical processes. It is reasonable to suppose that
observations in the TC center have bias error which is introduced by the model representativeness.

In this study, since assimilation term was very short, the error was considered as random, that is, the
error was treated as observational error, instead of bias. We gave the observational error using
following method: When departure value (first guess — observation) is just 70 hPa, the value of
observational error is set to 4.0 hPa which is five times of default value in JNoVA. When departure
value is 10 hPa, the value is set to default value of 0.8 hPa (Eq. D-8-1). This specific value was
determined under consideration of that a value of cost function when the observation in the TC center

was assimilated became similar magnitude to that when not assimilated.

departure

ERRobs = 0.8hPa * ( =

+ %) if (departure > 10hPa). (D-8-1)

When the TC location in first guess field is far from the observational location, “twin cyclones”
problem, which means that two cyclones, a bogus cyclone in the first guess field and an actual
observed cyclone, exist in the analysis field may be induced. In our method, the problem hardly occurs,
because the observational error becomes large under the situation, and the observation in the TC center
is weekly assimilated. Our method could not correct the displacement error without other observations.
Accordingly, our strategy is that typhoon is intensified by the assimilation of the TC center

observation, and the displacement error is corrected by the other observations around the typhoon.

D-8-4. Results

D-8-4-1. Drop sonde assimilation in the TC center
In this section, effects of drop sonde assimilation in the TC center are discussed. Three observations

were used in the assimilation term at 11 JST 25 Sep.,

17 JST 25 Sep. 06 JST 26 Sep, respectively.

Observations, analysis, first guess, and observational

errors are illustrated in Fig. D-8-5. Since there are
large departures (first guess — observation) in the first
and second assimilation, observational errors are also
set to large value. After several assimilations were

conducted, departure became small at 06 JST 26 Sep..

Since observational error was set to small amount, the e E—

analysis of the center pressure and the location  Fig. D-8-4. Model domain and orography
of JNoVA and NHM-5km. After
Kawabata et al. (2011).
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Fig. D-8-5. Surface pressure of first guess

(thin black line), analysis results (thick
black line) and observation (thick gray
line). Observational errors (black dashed
line) used in JNoVA are indicated with
right axis. After Kawabata et al. (2011).

Fig. D-8-6. Forecast results of NHM-5km.

Time sequence of center pressure of
forecast result (thick line), best track (thin
dashed line), and position error
comparison with best track data (thin gray
line) are indicated. Time sequence of

36N

35N

34N

33N

FCST
BestTrack
©

Ise Bay and

Nagoya port

32N

135€ 136E 1376

Fig. D-8-7. Typhoon tracks
of forecast result (solid
line) and best track
(dashed line) around the
landfall time. Large
circles indicate the
locations at 18 JST in
each track. After
Kawabata et al. (2011).

position error uses right axis. After
Kawabata et al. (2011).

significantly closed to the observation.

D-8-4-2. Forecast results

The TC center pressure and the position error in forecast
result are compared with best track data (Fig. D-8-6). The value
of center pressure at the initial time is 930 hPa, and difference
between the forecast and observation is a small value of 10 hPa.
The center pressure becomes large similarly to the observations
during forecast time. Position error is also small less than 60 km
during 12-h forecast. Forecast tracks around landfall time (Fig.
D-8-7) is almost same with best track. Moving speed of forecast
is slightly faster than that of observation, but difference is
smaller than 1 h.

Next, forecast results are compared with surface weather map.
Surface pressure distribution in forecast results (middle panels
in Fig. D-8-8) are very similar to the surface weather map
(upper panels in Fig. D-8-8). The location and contour
distribution of Vera, subtropical high pressure, cold and warm
front are same. Especially, frontal rainfall distribution in the

forecast result at 03 JST 27 Sep. are agreeing with frontal line
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(b) 03 JST 27 September (FT=18)
N

Fig. D-8-8. Upper panels are surface weather map, middle panels show surface pressure and 3-h
accumulated rainfall amount, and bottoms are pseudo satellite images derived by forecast results.
Blue lines in middle panels illustrate best tracks and reds illustrate forecast tracks.
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in the weather map. Weather distribution 400
is estimated by pseudo satellite image _._Efbsz
(bottoms in Fig. D-8-8). These images ‘g300 = = = = Astronomical tide
are calculated through radiative transfer ;:2 00
equations using model forecast results. %’
Rainy or cloudy weather distributions in EJ 100
weather map are match to the estimated %
weather in the forecast results. "0
Finally, time sequence of tide level in
the forecast result is compared with the -100 ~ o ~ o ~ o
observation at Nagoya port in Fig. 5 § é E 5 §
D-8-9. The tide level was calculated & & & & > >

using Princeton Ocean Model (POM)  Fig. D-8-9. Time sequence of tide level of forecast

with NHM-5km. The hichest tide heicht (black line), observation (gray line with markers),
' & & and astronomical tide (gray dashed line).

of 389 cm in the observation is the
maximum record in Japan. Correspondingly, forecast reproduced 352 cm height. Time sequence of

forecast strongly resembles observation.

D-8-5. Conclusion

Typhoon Vera made landfall Japan in 1959 and induced tragic disaster. Our motivations are
confirmation of performance of JMA operational assimilation and forecast system for the typhoon, and
challenge to assimilate directly the drop sonde observation in the TC center.

We introduced the observational-error adjustment method, which the value of error is adjusted
according to the departure value. This method provided the successful analysis of Vera. In the third
assimilation, the departure became small, the analysis of the center pressure and the location
significantly closed to the observation.

In the forecast, time sequences of center pressure and location are very similar to best track data.
Especially, track around landfall is almost same. Weather distribution in the forecast estimated by
rainfall distribution and pseudo satellite image is comparable to the weather map. Finally, tide level
calculated through POM is excellent compared with the observation.

Super typhoon Vera before 50 years was well reanalyzed and re-forecasted using JNoVA and
JMANHM. Direct assimilation of the drop sonde observation in the TC center was contributed to this
result. The basic framework for meteorological disaster prevention was established after Vera and has
been still valid. Our result can provide a realistic numerical 4-dimensional data and be useful for the

validation on the framework.
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D-9. Development of Air-Sea Bulk Transfer Coefficients and Roughness Length in JMA
Non-Hydrostatic Model
D-9-1. Introduction

New formulation of air-sea bulk transfer coefficients and roughness lengths are introduced in
JMA-NHM (Saito et al. 2006) to improve the representation of exchange of momentum, sensible and
latent heat flux over the ocean surface applied to intense tropical cyclone (TC) (Wong et al. 2010).
Prediction of TC movement using numerical weather prediction (NWP) model has improved in recent
decades due to the advance made in model dynamics and physical processes, data assimilation
methods and ensemble prediction system to facilitate the disaster preparedness and mitigation. In
addition, TC intensity and wind distribution are inevitably important to assess the impact of high
winds and vulnerable areas of wind destruction. More accurate prediction requires development of
key physical processes, such as air-sea interaction, to simulate realistic structure and evolution of TC
in NWP model. For instance in Powell e al. (2003) and Donelan et al. (2004), the drag coefficient of
momentum or surface momentum flux are found to level off as wind speeds increase above hurricane
force. Results from other field experiments (Belamari 2005) also suggest similar saturation properties
of bulk coefficients in high wind regime. The existing drag coefficient formulation adopted in
operational NWP models, for example in JMA-NHM, based on extrapolation of results from past field
studies of surface momentum flux measurement under low and moderate wind speed situations, is
therefore likely to be inadequate when applied to intense TC and extreme wind conditions. In the
present work, the new bulk transfer coefficients and roughness lengths are implemented in NHM to
study an intense TC affecting the South China Sea. Positive impacts are found on the forecasts of TC
intensity, wind structure and precipitation pattern.

According to the bulk formulation of aerodynamics, the momentum flux, heat flux and moisture
flux are expressed as follows,

U

‘ 2

I 2
-wu =u; =C,

~w =u.6. =C,|U|6, -6)

(q,-9)

—Wq =g, = C,lu
where C,, C;, C, are respectively bulk transfer coefficients for momentum, heat and moisture, [U| the
mean horizontal wind speed at 10 m above surface. In the original scheme of bulk transfer coefficients
in JMA-NHM based on Kondo (1975) and Beljaars (1995), the coefficients vary linearly with the wind
speed larger than moderate wind strength (~15 ms™). A saturation behaviour of C,, for wind speeds
exceeding 30 ms™ is introduced as a new formulation of surface momentum flux in NHM following
Powell et al. (2003) and Donelan et al. (2004). Similar level-oft in C, and C, (Lebeaupin et al. 2007)
are implemented in the new scheme. Fig. D-9-1(a) shows the variation of the bulk transfer coefficients
in the new scheme against wind speeds at 10 m under neutral condition. In order to consider effects of
wave parameters like wave height and periods, modifications of roughness length according to Taylor

and Yelland (2001) and Oost et al. (2002) are implemented in the roughness lengths of momentum

' W.K. Wong, S. Sumdin (TMD) and S.T. Lai (HKO)

_82_



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

(zom). The roughness lengths for heat (z,,) and moisture (z,,) following Fairall et al. (2003) are also

adopted in the new scheme. Fig. D-9-1(b) shows the variations of roughness lengths under different

wind speed.
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Fig. D-9-1. (a) Variation of bulk transfer coefficients in the new scheme for momentum (C,,), heat (C}), and
moisture (C,) against wind speed (ms™) at 10 m above the surface. Thin lines depicting bulk transfer
coefficients in Kondo (1975) scheme. (b) Variation of roughness lengths for momentum (z,,), heat (zy,) and
moisture (zy,) against wind speeds at 10 m altitude (in ms") under neutral condition. After Wong et al.
(2010).

D-9-2. Model experiment using new surface scheme

Numerical simulation with NHM is configured in three domains with horizontal resolution at 20
km (RF20), 10 km (RF10) and 5 km (RF5) to perform numerical simulations of Typhoon Hagupit
(0814) affecting the South China Sea in September 2008. Model setup can be referred to Wong et al.
(2010).

a.  Impact on intensity prediction and wind radii

Fig.D-9-2 shows the time series of forecast maximum wind near the centre of Hagupit from
RF20, RF10 and RF5 experiments. In the new scheme, the reduction of drag coefficient over the
high wind regime results in decrease of momentum flux near the centre of Hagupit, leading to increase
in maximum wind speed and a larger hurricane wind area. In the outermost domain (RF20), the model
cannot resolve the convection and storm structure due to coarse resolution, and the predicted
maximum wind from both schemes are lower than the best track values by more than 10 ms™. In RF10
and RF5, however, the new scheme can give a higher wind speed in general, and similar wind speeds
are obtained as compared with the best track data. Maximum wind in RF10 exceeding 40 ms™ is
forecast from 1500 UTC 22 September to 0000 UTC 24 September and the highest maximum wind
speed and minimum central pressure forecasts are respectively 48 ms™ and 946 hPa. It agrees better
with the Hong Kong Observatory (HKO) best track data (49 ms™ and 940 hPa) than using the original
scheme (42 ms" and 952 hPa). Similarly in RF5 experiments, the new scheme gives an improved
intensification trend and forecast the highest maximum wind at 53 ms™ (minimum central pressure at
943 hPa), although the initial condition is obtained by downscaling the forecast of RF20 which has
much weaker storm intensity than the best track data. RF5 forecast with the original scheme also

produces the highest maximum wind at 50 ms™ (minimum pressure at 949 hPa), but the intensification
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trend is slower than that from the new scheme. Therefore, the improved forecasts of maximum wind
speed and central pressure for Hagupit suggest that the new scheme works effectively to enhance the
intensity of strong tropical cyclone in NHM with horizontal grid resolution of 10 km or above.

In wind distribution forecasts, both RF10 experiments using original and new schemes
(Fig.D-9-4a and Fig.D-9-4b) can predict areas of hurricane force wind. Moreover, a comma shape
annular pattern of distribution is reproduced using the new scheme. Hurricane wind radii are about one
degree over the northwestern, northeastern and southeastern quadrants while a smaller radius is
forecast to the southwest. This compares favourably with the wind distribution from the NOAA
Multi-Platform Satellite Wind (MPSW) Analysis (Knaff and DeMaria, 2006) (Fig.D-9-3), with
hurricane wind radii (red shade) ranged from 100 to 140 km over the four quadrants. Fig.D-9-4c and
Fig.D-9-4d show the wind distribution forecasts from RF5 experiments. Annular region of hurricane
wind area is also forecast by the original scheme, but the area over northwest quadrant is smaller than

both the new scheme and the MPSW analysis.
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Fig. D-9-2. Time series of maximum wind near the centre of Fig. D-9-3. Surface wind distribution at 1200 UTC
Hagupit from RF20, RF10 and RF5 using the original 23 September by NOAA Multi Platform Satellite
(dashed line) and new schemes (solid line). Maximum Wind Analysis. After Wong et al. (2010).
winds from HKO best track analysis are given in black
dots. After Wong et al. (2010).
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Fig. D-9-4. Forecasts of surface wind barbs and isotach at 1400 UTC 23 September 2008 using the (a) original and (b)
new schemes in RF10 experiments. The color shading of green / blue / red / violet / yellow represents areas of fresh
(8.0-10.7 ms™) / strong / gale / storm / hurricane force winds respectively. (c)-(d) Similar forecasts from RF5
experiments. Area in Fig.D-9-4 is shown by dashed line boxes. After Wong ef al. (2010).

b.  Effects in precipitation forecast

Heat and moisture fluxes are enhanced due to larger heat and moisture bulk coefficients in the
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new scheme, resulting in enhancement of vertical eddy transport of moisture and heat to sustain the
development of Hagupit, as well as an increase of moisture in cloud and convective parameterization
processes of NHM. Fig. D-9-5 (a)-(c) show the forecasts of sea level pressure and 1-hour accumulated
rainfall at 1400 UTC 23 September 2008 from RF20, RF10 and RF5 using the original (top panel) and
new scheme (bottom panel). Using the new scheme, spiral rainbands are better predicted when
compared to radar reflectivity and TRMM rainfall rate. Improvements in the model forecast on the
intensity and structure of rainbands are useful for nowcasting application and very-short-range forecast

of the heavy precipitation due to passage of intense tropical cyclones (Lai and Wong 2006).
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Fig. D-9-5. Forecast mean-sea-level pressure (contour) and 1-hr accumulated rainfall (color shade) by (a) RF20, (b) RF10
and (c) RF5 at 14 UTC 23 September 2008 using the original scheme (top panel) and new scheme (bottom panel);
(d) Rainfall rate estimate at 1425 UTC from TRMM (2A12 product from JAXA/EORC Tropical Cyclone Database);
(e) Plan position indicator (PPI) display of radar reflectivity at 1405 UTC. After Wong et al. (2010).

D-9-3. Summary and Future Development

Using the new scheme of air-sea bulk transfer coefficients and roughness lengths in JMA-NHM,
an increase in forecast maximum wind speed with a lower central pressure of Typhoon Hagupit are
obtained, due to reduced drag coefficient and larger heat and moisture bulk coefficients in high wind
regime. They contribute positively to the exchange of surface fluxes to sustain the development of
Hagupit, distribution of high wind areas and rainbands near the centre of Hagupit. The new scheme
thus provides potential benefits in using NHM to simulate other intense tropical cyclones and effects
of bulk coefficients in high wind regime for weather forecasts and climate studies on wind-pressure
relationship of intense tropical cyclones. The roughness lengths are modified and sea-wave effect is
considered in the new scheme, though more accurate specification of wave parameter values requires

future in-depth study using coupled atmosphere-wave model or field experiments.
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E. Observation and NWP in Southeast Asia
E-1. Towards a mesoscale observation network for Southeast Asia'

Current conventional meteorological observations in Southeast Asia are clustered around the coastal
regions due to the maritime nature and unique topography of the region. Coupled with the standard
time interval of 6 to 12 hours between sampling, the region’s conventional observation network lacks
the spatial and temporal resolution to adequately capture the convective weather systems dominant in
the region for weather forecasting and research.

The deployment of a transnational mesoscale testbed comprising ground-based remote and in situ
sensors around the Straits of Malacca to investigate the Sumatra squalls could be a possible first step
towards realizing a Southeast Asian mesoscale observation network. Improvement to the regional
observational network could be achieved in parallel through integrating the existing weather radars
operated by the various national weather agencies. Promoting the judicious use of weather satellite
data in weather forecast and research should augment the lack of weather observations over the seas.
These radar and satellite data if optimally assimilated, is expected to improve NWP forecast
accuracies given the current dearth of conventional observations.

Although the sharing of radar data and the assimilation of more satellite data would be significant
initial steps forward, more could be achieved through gradual, sustained and coordinated regional
efforts in deploying in situ and remote-sensing instruments first in testbeds, but eventually as multi-
sensor weather monitoring clusters. The mature mesoscale observation network is envisioned to
comprise several coordinated radar, remote sensor subnets, in situ instruments, and satellite data
receiving stations (Koh and Teo 2009). Due to the region’s rich diversity, managing this mesoscale
observation network could be through a confederation of the national or private stakeholders of this
network (Fig. E-1-1). Apart from benefiting weather forecasts, the data collected by the network

would act as a stimulus for much needed research into Southeast Asian weather systems.

NWCs &
Chtnmen I-MI Frivate Secbors
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Receiving
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Fig. E-1-1. Schematic diagram of the envisioned mesoscale observation network with its
component subnets and various stakeholders. After Koh and Teo (2009).

' T.-Y. Koh and C.-K. Teo (NTU)
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E-2. Development of Operational Rapid Update Non-hydrostatic NWP Model and Data
Assimilation System in the Hong Kong Observatory'
E-2-1. Introduction of NWP System in HKO

A mesoscale NWP model system has been operated by the Hong Kong Observatory (HKO) using
the Operational Regional Spectral Model (ORSM) since 1999. ORSM is formulated using the
hydrostatic governing equations to provide numerical model guidance for short-term weather
prediction up to 3 days ahead. The finest horizontal resolution is 20 km and the model run is updated
every 3 hours. With the recent advances made in NWP modeling, HKO commenced the
implementation and experimental trials of non-hydrostatic models a few years ago, with a view to
enhance the capability of quantitative precipitation forecast (QPF) and prediction of severe weather
phenomena and mesoscale convective systems. In April 2004, HKO started to operate the JMA
Non-hydrostatic Model (NHM) (Saito et al. 2006) in trial basis to provide very-short-range (1-12
hours) forecasts which are rapidly updated at every hour with a high resolution (grid spacing at 5 km)
covering an area of about 600 km x 600 km centred over Hong Kong. The initial and boundary
conditions are obtained from the ORSM. In order to reduce the spin-up time of the model and improve
the model QPF, the specific humidity fields of the cloud hydrometeors in NHM are initialized by the
3-dimensional cloud analysis output from the Local Analysis and Prediction System (LAPS) (Albers et
al. 1996). Radar reflectivity, Doppler radial wind and geostationary satellite cloud data (visible albedo
and infrared brightness temperature) are ingested into LAPS to generate the humidity fields of
hydrometeors. Improvements in model QPF are obtained that facilitate the development of blending
technique with nowcast QPF (Wong and Lai 2006). At the same time, forecasts from NHM are used to
provide background data to LAPS for mesoscale real-time analysis with horizontal resolutions from
few kilometres to few hundreds metres.

With experience gained on using JMA-NHM over the last few years, HKO has developed a new
NWP system based on NHM, also called the Atmospheric Integrated Rapid cycle (AIR) forecast
model system, and has been put into operation since June 2010. AIR forecast model system has two
forecast domains with horizontal resolutions at 10 km and 2 km. With substantial increase in the
horizontal resolution, use of non-hydrostatic governing equations and more advance model physics,
the new system enhances the capability to resolve mesoscale and local-scale weather phenomena, and
their evolution from very-short-range to 3 days ahead.

In this paper, the design and experimental results of the AIR forecast model system are described.
In the next two sections, specifications of NHM and its data assimilation system will be presented.
Performance of NHM in a couple of case studies on QPF, tropical cyclone movement and intensity, as
well as the model verification on upper-level wind forecasts against aircraft data will be illustrated in
E-2-4. A short summary including aspects of future research and development of AIR system will be

given in section E-2-5.

" W.K. Wong
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E-2-2. Description of NHM in AIR Forecast Model System

Figure E-2-1 shows the coverage of the two NHM domains in AIR forecast model system. The
outer domain, denoted by Meso-NHM, has the horizontal resolution of 10 km with 50
terrain-following vertical levels. Meso-NHM has an analysis-forecast cycle of 3 hours to provide the
forecast up to 72 hours ahead. It is targeted to simulate rainstorm, tropical cyclone track and intensity,
and other mesoscale weather systems. The boundary condition of Meso-NHM is obtained from the
forecasts of JMA Global Spectral Model (GSM;JMA 2007) that are updated every 6 hours (initial
times at 00, 06, 12 and 18 UTC) with a horizontal resolution of forecast data at 0.5 degree in latitude
and longitude. The sea-surface temperature (SST) is specified by the NCEP high resolution real-time
daily SST analysis at 0.083 degree. The inner domain, called the RAPIDS-NHM, has a horizontal
resolution of 2 km with 60 vertical levels. Its boundary condition is based on the forecasts from
Meso-NHM. RAPIDS-NHM provides forecasts up to 15 hours ahead and the model forecast is rapidly
updated at every hour with a view to enhance the analysis and prediction of mesoscale and convective
weather phenomena as well as to provide an improved model QPF to blend with the radar-based
precipitation nowcast. More details on the specification of Meso-NHM and RAPIDS-NHM are given
in Table E-2-1.

E-2-3. Data Assimilation System of AIR/NHM

The data assimilation of NHM in AIR forecast model system is developed on the basis of
JNoVA-3DVAR (JMA Non-hydrostatic model based Variational data Assimilation system). It is
implemented as the hourly analysis system in JMA and the design is originated from the
JNoVA-4DVAR (Honda et al. 2005) which is the operational data assimilation system for JMA
Mesoscale Model (MSM) using NHM with a horizontal resolution of 5 km (JMA 2007). Like the other
variational data assimilation system, JNoVA-3DVAR computes the best linear unbiased estimate of the

control variables representing the model states that minimize the following cost function:

J(x)= %(x—xB)B(x—xBf +%<y—Hx>R(y—Hx)T ,

where x, xp are respectively control variable vector and model background field. They include
horizontal wind components (u,v), surface pressure (py), potential temperature (&) and pseudo relative
humidity representing the ratio of specific humidity of water vapour to its saturation value. y
represents a state vector containing observation data and H is the observation operator. B and R are
respectively observation and background error covariance matrices where B matrix is estimated based

on the NMC method (Parrish and Derber 1992).
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Fig. E-2-1. Spatial coverage of Meso-NHM and RAPIDS-NHM. Altitude of model topography (in metre) is

Table. E-2-1. Specification of Meso-NHM and RAPIDS-NHM in AIR Forecast Model System.

Meso-NHM RAPIDS-NHM
Horizontal resolution 10 km 2 km
Horizontal grid Arakawa-C
Map projection Mercator
No. of grid points 585x405 | 305x305
Vertical coordinates Terrain following height coordinates using Lorenz grid
No. of vertical levels 50 60
Time step 30s 8s
Initial time 00, 03, 06,...,21 UTC Every hour
Forecast range 72 hours 15 hours
Initial condition JNoVA-3DVAR with background JNoVA-3DVAR with
from JMA GSM forecast background from Meso-NHM
Boundary condition JMA GSM forecast data Meso-NHM forecasts
at 0.5 degree resolution in lat/lon

Nesting configuration

One-way nesting

Topography

USGS GTOPO30 (30 second data smoothed to 1.5 times horizontal resolution)
with modifications over HK areas based on USGS-SRTM (Shuttle Radar
Topography Mission)

Land-use characteristics

USGS Global Land Cover Characterization (GLCC) 30 second data and 24
land-use types with modification over HK areas

Dynamics

Fully compressible non-hydrostatic governing equations solved by
time-splitting horizontal-explicit-vertical-implicit (HEVI) scheme using 4-order
centred finite differencing in flux form

Cloud microphysics

3-ice bulk microphysics scheme

Convective
parameterization

Kain-Fritsch scheme -
(JMA version)

Surface process

Flux and bulk coefficients: Beljaars and Holtslag (1991), Donelan et al. (2004),
Belamari (2005); Roughness length: Beljaars (1995) and Fairall et al. (2003);
Stomatal resistance and temporal change of wetness included; 4-layer soil
model to predict ground temperature and surface heat flux.

Turbulence closure
model and planetary
boundary layer process

Mellor-Yamada-Nakanishi-Niino Level 3 (MYNN-3) (Nakanishi and Niino,
2004) with partial condensation scheme (PCS) and implicit vertical turbulent
solver. Height of PBL calculated from virtual potential temperature profile.

Atmospheric radiation

Long wave radiation process follows Kitagawa (2000)
Short wave radiation process using Yabu and Kitagawa (2005)
Prognostic surface temperature included; Cloud fraction determined from PCS.
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The observation data that can be assimilated in JNoVA-3DVAR include conventional
observations from synoptic weather stations, radiosonde, buoy and ship reports, as well as data from
automatic weather stations in Hong Kong and the Guangdong province, wind profilers, aircraft
(AMDAR reports), atmospheric motion vector (AMV) from MTSAT-1R/MTSAT-2 geostationary
satellite and retrieved ATOVS (Advanced TIROS Operational Vertical Sounder) temperature profile
from NOAA polar-orbiting satellites. Total precipitable water vapour (TPWV) retrieved from
microwave sounders (SSM/I and AMSR-E) is ingested in the Meso-NHM analysis, while TPWV from
the local Global Positioning System (GPS) network signals are assimilated in RAPIDS-NHM to
analyse the humidity contents. For the initialization of tropical cyclone, JNoVA-3DVAR includes a
bogus scheme that is based on the forecaster’s analysis on central pressure, maximum wind and radius
of strong wind to construct vertical profiles of horizontal wind components around the tropical
cyclones, with asymmetric effects of storm structure taken into account. The wind profiles are then
assimilated into JNoVA-3DVAR in a similar way as the other upper-air wind data but using different
error characteristics. Furthermore, Doppler radial velocity data from the two weather radars in Hong

Kong are also assimilated in RAPIDS-NHM analysis.

E-2-4. Case Studies
In this section, discussions will be given to illustrate the performance of NHM in a couple of
cases on significant convection and tropical cyclone forecasts. Verification on the analysis and forecast

performance of NHM on weather elements and a comparison with ORSM will also be discussed.

a.  Rainstorm on 24 May 2009

On 24 May 2009, a broad area of low pressure affected the northern part of the South China Sea.
Meanwhile, a ridge of high pressure was established over southeastern part of China that resulted in
convergence of easterly and southerly airstreams and successive development of rainbands over the
coastal areas (Fig. E-2-2a - c). Figure E-2-3a depicts the forecasts of sea-level pressure and hourly
accumulated rainfall at 0400 UTC on 24 May 2009 from Meso-NHM initialized at 1800 UTC on 23
May. Meso-NHM can successfully simulate the rainbands over the coastal water. It can be revealed
from the forecasts of winds and relative humidity on 850 hPa and 700 hPa levels (Figs. E-2-3b and
E-2-3c) that the development of the rainbands was associated with the low-level jet of moist
southeasterly winds (areas enclosed by the red isotach representing 20 knots and above). As the
convection predicted by Meso-NHM is quite shallow, the precipitation forecast by the model is less
than the actual rainfall from radar estimate. Figure E-2-3d shows the forecast at the same time by
RAPIDS-NHM which is initialized by the 3-hour forecast from Meso-NHM including the mixing ratio
of the cloud hydrometeors. In general, the forecasted rainbands from RAPIDS-NHM have more
detailed structures due to increased horizontal resolution, which are more consistent with the rainbands

shown on the radar imagery in terms of their size and orientation in northwest-southeast direction.
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Fig. E-2-2. (a) Synoptic analysis at 0000 UTC (0800 HKT) 24 May 2009 (0800 HKT); (b) Radar rainfall analysis of
1-hr accumulated rainfall (in mm) at 1300 HKT and its spatial coverage is shown by grey dash line in (a); (c)
radar reflectivity imagery at 1253 HKT.
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Fig. E-2-3. (a) Forecast of sea-level pressure and 1-hour accumulated rainfall (in mm) at 1200 HKT 24 May 2009
by Meso-NHM; Forecast of relative humidity (color in percentage) and winds on (b) 850 hPa and (c)700 hPa
levels, areas enclosed by red contour representing wind speed exceeding 20 knots; (d) Forecast of 1-hour
accumulated rainfall and surface wind at 1200 HKT by RAPIDS-NHM. Coverage of RAPIDS-NHM is shown
in yellow dash line in (b) and (c).

b.  Typhoon Koppu (0915) — Effects of bogus in TC intensity analysis and forecast

Figure E-2-4a shows the 3DVAR analysis of Meso-NHM on the surface wind and sea-level
pressure of tropical cyclone Koppu (0915) at 1200 UTC 13 September 2009. Bogus wind profiles are
assimilated in the analysis. At that time, Koppu had just intensified into a tropical storm with
maximum wind at about 35 knots. The analysed central pressure is 991 hPa that agrees with the
forecaster’s real-time analysis. Compared to the background field (Fig. E-2-4d) as interpolated by the
GSM forecasts, the intensity of Koppu is improved through the bogus data assimilation as the central
pressure is deepened by about 10 hPa. The 24 hour and 48 hour of forecasts using the above 3DVAR
analysis (first guess from GSM) as initial conditions are given in Figs. E-2-4b and ¢ (E-2-4e and f),
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Fig. E-2-4. (a) JNoVA-3DVAR analysis of surface wind, sea-level pressure at 12 UTC 13 September 2009 by
Meso-NHM; (b)-(c) 24 hour and 48 hours forecast overlaid with 1-hour accumulated rainfall (color in mm).
Corresponding initial field and forecasts without 3DVAR analysis are shown in (d)-(f).
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respectively. The forecast tracks are shown in Fig. E-2-5a, indicating that tracks from the two
experiments are quite similar, although the time of landfall from the two experiments both lag behind
the actual track by about 12 hours. Nevertheless, the bogus data assimilation results in a better
intensification trend of Koppu (Fig. E-2-5b) as the winds on upper levels within the bogus region are
strengthened. The maximum wind speed (MWS) near surface is increased by 22 knots in the 24 hour

forecasts with bogus data assimilation while MWS is increased by only 5 knots in the other case.
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Fig. E-2-5. (a) Forecast tracks of Koppu (0915) by Meso-NHM using JNoVA-3DVAR analysis (red line with
triangle marks) and initial condition interopolated from GSM forecast (green line with square marks). HKO
best track is shown in black line with dots indicating the 6-hourly positions; (b) Maximum wind near centre of
Koppu by the two experiments. HKO best track data is shown in black line.
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c.  Severe thunderstorm on 8 September 2010

In late evening on 8 September 2010 to the following early morning, widespread thunderstorms
and significant convection affected the coastal regions of Guangdong and Hong Kong. During the day
on 8 September, under the influence of the subsistence effect associated with the outer circulation of
tropical cyclone Meranti (1010) near Taiwan, the weather was very hot over southeastern China that
favoured a widespread development of convective cells under this strong thermal forcing. From
successive RAPIDS-NHM runs initialized in the afternoon (Fig. E-2-6a-c), intense precipitation is
forecasted to develop over Guangdong coastal area and later affects Hong Kong and Pearl River Delta
region. The indication on the convective development during the overnight period is consistent based
on forecasts from successive model runs, though the timing on the passage of severe thunderstorm is
lagged behind the actual by about 2 hours. RAPIDS-NHM also suggests the severe convective system
will bring high wind gusts upon its passage. Figure E-2-7a shows the forecasted surface wind vector
(white arrow) and the total wind gust (summation of forecast surface wind at 10 m level and the wind
gust component depicted in color shading) at 0200 HKT 9 September, indicating that wind gusts
exceeding 30 knots affect western part of the territory including the Hong Kong International Airport
(HKIA). At 975 hPa, the gale force wind is forecasted near HKIA (region X; Fig. E-2-7b). From the
cross section along line AB (Fig. E-2-7¢), the wind speed exceeds 37 knots at 900-950 hPa levels
which agrees well with an aircraft observation taken upon descend of flight towards HKIA.
RAPIDS-NHM successfully forecasts the whole structure of thunderstorm and associated gust front
system. Figure E-2-7c depicts the vertical cross section equivalent potential temperature (EPT in color
shade) along the line AB where large EPT gradient can be seen near the gust front region (near the
middle of XB). Warm moist air mass to the southwest is lifted up by the gust front while significant
downdraft (Fig. E-2-7d) is found along XA that the cooler air mass is brought from about 3-4 km in
altitude to near surface and spread out laterally.

With further development in data assimilation and the forecast model, the spatial-temporal error
of model quantitative precipitation forecast (QPF) associated with severe convective systems could be
further reduced. Moreover, through the use of an optimal phase correction technique, the model QPF
can provide useful guidance on the development of significant precipitation through the blending with
nowcast QPF based on extrapolation technique of radar imagery (Wong et al. 2009). Figures E-2-8a
and b show the T+5 hour radar nowcast QPF and blending QPF at 01HKT on 9 September. It is clearly
seen that RAPIDS-NHM provides signs of significant rainfall over HK during 00-01 HKT. The phase
correction is applied to relocate the model QPF pattern when radar imagery is made available every 6
minutes. In this case, the blending output is also found to give a consistent scenario on the significant
precipitation over Hong Kong during the overnight period. Further development will be conducted to
study the techniques to improve both model forecasts and blending algorithms, in order to enhance the

capability in forecasting significant convection to support both aviation and public weather services.
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Fig. E-2-6. RAPIDS-NHM forecasts of hourly accumulated rainfall (color in mm) and mean-sea-level pressure at
02:00 HKT 9 September 2010, with model runs initialized from 10 to 12 UTC 8 September shown in (a)-(c)
respectively; radar reflectivity image at 00:30 HKT 9 September 2010 shown in (d).
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Fig. E-2-7. RAPIDS-NHM T+7h forecasts at 02 HKT 9 September 2010 on: (a) surface wind direction (white arrows)
and magnitude of wind gust (color shade in knots); (b) wind speed (color in knots) and wind direction on 975 hPa
975; (c) vertical cross section along AB on wind speed (black contours covering areas exceeding 22 knots with an
interval of 3 knots); and (d) vertical wind speed with positive value in red (in m/s) and negative in blue shading.
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Fig. E-2-8. (a) QPF on 1-hour accumulated rainfall (color in mm) ending at 0100 HKT 9 September 2010 using radar
extrapolation techniques; (b) Blending QPF by combining radar nowcast and phase corrected RAPIDS-NHM
forecast.

d.  Verification of NHM Analysis and Forecast

To monitor the performance of the model analysis and forecast, monthly verification is
conducted for various weather elements like wind, temperature and humidity against meteorological
station data. In case for Meso-NHM, 50 selected stations over the model domain are used to verify the
model performance. Figures E-2-9a-d show the root-mean-square errors of Meso-NHM analysis and
forecast (solid lines) for mean-sea-level pressure (MSLP), temperature, surface wind vector magnitude
and relative humidity from March to December 2010. Comparing to the results from ORSM (dotted
lines), the new NWP system show clear improvements owing to the use of more advanced data
assimilation technique and forecast model. For instance, the RMSE of 72 hour forecast of MSLP for
Meso-NHM is around 2 hPa that is smaller than that of ORSM by about 1 hPa. Improvements are
clearly seen in the forecasts of surface wind and temperature that their RMSEs are generally reduced
by 20-30%. Improvement in humidity forecast is also found in Meso-NHM though the gain is smaller
than other weather elements. From the verification of upper level wind, Meso-NHM also shows
improvements over ORSM throughout the analysis and 3-day forecast period (Fig. E2-10a-d). Using
the aircraft wind data, it is also found that the performance of Meso-NHM is similar to global NWP
model output that we can further enhance the development of forecast guidance and products related
to upper air wind condition (e.g. en-route turbulence intensity) based on Meso-NHM output (Wong ef
al. 2011).
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Fig. E-2-9. RMSE of analysis and forecast of surface elements from Meso-NHM (solid lines) and ORSM (dotted
lines) during Mar-Dec 2010 on (a) mean-sea-level pressure, (b) temperature, (c) wind vector and (d) relative
humidity.
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Fig. E-2-10. RMSE of analysis and forecast of wind vectors from Meso-NHM (solid lines) and ORSM (dotted lines)
during Mar-Dec 2010 on (a) 850 hPa, (b) 700 hPa, (c) 500 hPa and (d) 200 hPa.
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E-2-5. Summary and Future Development

The design and implementation of the AIR forecast model system - the new operational NWP
model and data assimilation systems in HKO, are presented in this paper. With the increase in the
model resolution, use of non-hydrostatic governing equations and more advanced model physics, the
AIR forecast model system shows promising results to enhance the forecast capability of mesoscale
and convective weather systems.

To further enhance the AIR forecast model system over the next few years, research and
development will be made on aspects like (a) the studies of optimal parameters in physical
parameterization processes, (b) development of direct assimilation of satellite microwave radiance
data, (c) ingestion of radar reflectivity in JNoVA-3DVAR or retrieved moisture profiles from a
separate cloud or moisture analysis algorithm (e.g., LAPS), (d) ingestion of new types of remote
sensing observation (e.g., moisture and temperature retrievals from ground-based radiometer) and (e)
development NHM with sub-kilometre resolution to forecast local-scale or terrain-induced severe
weather phenomena in Hong Kong. Applications of NHM for aviation forecast guidance and

supporting collaborative research activities on NWP will also be explored.
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E-3. Available input data for NHM real-data simulation’
E-3-1. Introduction

Until recently, NHM was able to use only JMA's original formatted data only (e.g., NuSDaS)
and the available input data formats were restricted. Through the "International Research for
Prevention and Mitigation of Meteorological Disasters in Southeast Asia," more datasets became
available as input data for NHM and other research activities improved the usability of NHM.
Previous sections of this report show some of the recent research that has been conducted using these
newly available datasets.

This section briefly introduces the kinds of datasets available for NHM input and their

specifications. It also lists the sections of this report where the datasets are used.

E-3-2. Available input dataset for NHM

Available input datasets for NHM are listed in Table E-3-1 with their horizontal resolutions,
vertical layers, time intervals, and file formats. The data suppliers are as follows.

JRA-25 and JCDAS data are available on the JMA website (http://jra.kishou.go.jp/).
Registration is needed to access the data for research purposes, and the data are not available for
commercial purposes. In addition, JRA-55, a 55-year reanalysis dataset with a 60-km horizontal
resolution and 60 vertical layers starting in 1958, is underway in JMA and will soon become available
for NHM.

Global Analysis data, Meso Analysis data and two sets of ensemble forecast data (1-Week
Ensemble for RSMC Tokyo region and 1-Week Ensemble forecast for Global Troposphere) are
released to users outside JMA on the Meteorological Research Consortium website (http://www.mri-
jma.go.jp/Project/cons/index.html) as part of a joint research activity between JMA and the
Meteorological Society of Japan (MSJ). Foreign researchers who collaborate with a member of MSJ
are eligible to access these datasets.

Forecast data by GSM and MSM of JMA are released by the Japan Meteorological Business
Support Center (http://www.jmbsc.or.jp/). These datasets are also archived by the Research Institute
for Sustainable Humanosphere at Kyoto University (http://database.rish.kyoto-u.ac.jp/arch/glob-
atmos/) for research purposes.

Another set of high-resolution GSM forecast data for WMO Region II countries has been
released by JMA and distributed to WMO affiliation member countries in region Il for operational or
research purposes.

NCEP-GFS forecast and analysis (including final-analysis) datasets are released by the
National Climate Data Center (http://nomads.ncdc.noaa.gov/) with full and open access.

NHM outputs are also available for one-way self-nesting applications of NHM

!'S. Havashi, T. Kuroda and K. Saito
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Table E-3-1. Available input datasets for NHM.

. Vertical .
Data Horlzoqtal Levels & Time File Format Ensemble Sections
Resolution . Interval Members
Coordinate
C-4,C-5
JRA25 & 1.25x 1.25 ’
24 p-levels | Every 6 hour GRIBI - D-8
JCDAS (JMA) deg. (JRAS5)
. C-3,D-1,
Globgll\j/?iz)ﬂysm 0'182731::2% 60 n-levels | Every 6 hour | NuSDaS -—- D-2, D-3,
D-4, D-5
Skm 50 z*
Meso Analysis | Lambert map | g | Every 3 hour | NuSDaS
(JMA) (Japan region
levels
only)
GSM 1-Week Initial:
EPS RSMC 1.25x 1.25 12 p-levels 1.2[.JTC NuSDaS 51
Tokyo region deg. valid: every
(JMA) 6hour
GSM 1-Week Initial:
EPS Global 1.25x 1.25 11 p-levels 1.2[.JTC NuSDaS 51 D4
Troposphere deg. valid: every
(JMA) 12hour
0.5x0.5 deg. Initial: eve
- every
GSM Forecast (1.25x1.25 6 hour GRIB2 D-1, D-2,
(IMA) deg. 18 p-levels valid: eve (GRIBI for - D3 D-4
before 2007- S CVELY 11 25deg.) ’
11-21) 6 hour
0.1x0.125 Initial: every
MSM Forecast deg. 3 hour
(JIMA) (Japan region I7p-levels | lig: every GRIB2 o
only) 3hour
GSM forecast Initial: every
(JMA) 6 hour
(only for WMO 0.5x 0.5 deg. | 22 p-levels valid: every GRIB2 -
Region II) 3hour
Initial: every
GFS Forecast | 1.0 x 1.0 deg. 27 o-levels 6 hour GIE\}FBI?;or . C-1,C-2
(NCEP) 0.5x0.5deg. | <’ P valid: every C-8
0.5 deg.
3 hour
GFS (Final) GRIB1
Analysis (1)2 i (1)2 g:g' 27 p-levels E}Y;?rlf GRIB?2 for - C-7
(NCEP) = X 0.0 deg. 0.5 deg.
NHM outputs
(JMA) any any any NuSDaS -

- 102 -




TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

F. Decision support system

F-1. Experimental development of a decision support system for prevention and
mitigation of meteorological disasters based on ensemble NWP Data'

F-1-1. Introduction

Ensemble NWP (Numerical Weather Prediction) is a technique that utilizes multiple runs with
slightly perturbed initial conditions and/or different parameterization of models to evaluate
uncertainty introduced by chaos on initial conditions, uncertainty in imperfection of numerical
models, and chaotic behavior of the atmosphere (e.g., Kalnay 2003). Nowadays, most of the
operational forecast centers adopt the ensemble NWP technique to quantify the uncertainty of
numerical predictions.

Exponential growth of computer power allows us to perform high resolution forecasts and
increase the number of ensemble members (Yoden et al. 2008). Southeast Asia region is threatened
by meteorological disasters such as flood, strong wind, storm surge, and torrential rain caused by
tropical cyclones and other tropical disturbances. Accurate prediction in weather would help risk
management. Ensemble forecasting helps to generate a representative sample of the possible future
status.

Raw output of ensemble NWPs is not suitable for dissemination to public because the size of
information is much larger than that of deterministic NWPs. This requires data conversion to the
user-friendly form before dissemination. The actual form depends on each user of the information.
Decision support system is a system that conveys information from the NWP sector to decision
makers in social, political, and economical sectors in an appropriate way. Especially, commercial
decisions are often made, not on the basis of events which are likely to occur, but on the basis of
events which are unlikely to occur, but which, if they did occur, would involve serious financial
loss (Palmar 2002). This fact requires us to provide reliable probabilistic forecasts. We have to
consider not only the development of ensemble prediction systems, but also the development of
decision support systems to utilize the output from ensemble NWPs.

For this purpose, we started to develop an experimental decision support system. We have
developed tools to store ensemble NWP data on a database and handle probabilistic information
obtained from ensemble NWP data, depending on purposes. This report briefly introduces the
system, based on Otsuka and Yoden (2010).
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Fig. F-1-1. Data finder on Gfdnavi. Left panel shows data tree. Right panel shows items in the selected
folder. After Otsuka and Yoden (2010).

''S. Otsuka and S. Yoden
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Fig. F-1-2. Visualization window on Gfdnavi. Control panels are located in the left column. Right panel
shows the results. After Otsuka and Yoden (2010).

F-1-2. Test data

Cyclone Nargis attacked Myanmar in May 2008. More than 13,800 people were killed and
economical loss was reported more than 10 billion dollars. This is the worst natural disaster in
Myanmar’s recorded history (Webster 2008; Fritz et al. 2009). This meteorological disaster is used
as an example of analyses to make a tutorial document, in which analyses of ensemble NWP data
are demonstrated to obtain information which is useful for prevention and mitigation of
meteorological disasters when disasters are likely to occur.

Output from the experimental ensemble NWP on cyclone Nargis is used as the test data of the
decision support system. The atmospheric model is Japan Meteorological Agency Non-Hydrostatic
Model (JMA-NHM, Saito et al. 2007). The period of the experiment is from 30 April 2008 12 UTC
to 3 May 12 UTC. The horizontal resolution is 10 km. The initial and boundary conditions for the
control run of NHM are taken from JMA's high resolution global analysis and forecast, and the
initial and boundary perturbations are produced from JMA's one-week global ensemble prediction
system. The Princeton Ocean Model (POM, Blumberg and Mellor 1987) is used for the simulation
of the storm surge. The input to POM is the output from NHM (wind at 10 m and sea level
pressure). The horizontal resolution in POM is 3.5 km. See details in sections D-1 and D-3.

F-1-3. Experimental development of decision support system
a. Unified database and visualization server

We use Gfdnavi (Horinouchi et al. 2010; Nishizawa et al. 2010) for the experimental
development of a decision support system. Gfdnavi works as a database server and enables us to
distribute and share geophysical fluid data on a computer network. It is also useful for personal use
because it has analysis tools and visualization tools which work on web browsers. Gfdnavi is
distributed at http://www.gfd-dennou.org/arch/davis/gfdnavi/index.en.htm. Gfdnavi has basic
analysis functions such as mean and standard deviation and visualization tools such as contour plot
and line plot so that we can analyze NWP data.

Data for analyses is selected via the tree view as shown in Fig. F-1-1. If a dataset is selected in
the left panel, available variables are shown in the right panel. When variables are selected, the
analysis/visualization window will appear.
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A graphical user interface is used to visualize datasets as shown in Fig. F-1-2. In the left panel,
there are options for visualization. First, the plot type is selected from the menu in the bottom-left
panel. After selecting abscissa and ordinate, ranges for them can be specified by the sliders in the
middle-left panel. Then, one can execute visualization and obtain the results. Detailed parameters
can be specified in the "specific settings" panel. The diagram will appear in the right-hand side.

b. Visualization of ensemble NWP data

In addition to the intrinsic functions of Gfdnavi, we implement visualization functions which are
specific to ensemble NWP data. These functions enable us to utilize probabilistic information of
ensemble NWP data. The following sections show the details.

(1) 1D-diagrams of ensemble data

A plume diagram consists of superimposed 1D
line plots. Typically, time series of a quantity is
superimposed for all the ensemble members. At
the initial time, the differences among the
ensemble members are small. As time evolves,
the difference becomes large (the reliability of

surface elevation (m)

the forecast becomes low), which makes the 342
superimposed line plots spread away with each 2
other. This looks like a plume rising from a T;
chimney. The plume diagram is often used to os

. . : Fig. F-1-3. Maximum sea surface height
display 1D time series of ensemble NWP data. simulated by POM and computed Mo

Box plot or box-and-whisker plot is introduced using all the ensemble members and
by Tukey (1977). This plot shows five quantities: all the time steps. After Otsuka and
the minimum, the lower quartile, the median, the Yoden (2010).
upper quartile, and the maximum. There are
many variations.

In this section, analyses with the decision support system are demonstrated using sea surface
height simulated by POM. Figure F-1-3 shows the horizontal distribution of the maximum sea
surface height for all the time steps and all the ensemble members. The largest sea surface height is
obtained at the mouth of the Irrawaddy River (Ayeyarwady River). Next, the time evolution of sea
surface height at the mouth of the Irrawaddy River (95.07E, 16.1N), where the maximum sea
surface height is obtained, will be shown.

The top-left panel of Fig. F-1-4 is the plume diagram of the sea surface height at the mouth of the
Irrawaddy River. The ensemble member that shows the largest sea surface height is highlighted
with the red color. The value and timing of the maximum sea surface height vary much from
member to member. The top-right panel of Fig. F-1-4 shows the ensemble mean and spread
(standard deviation) of the same data. The spread becomes larger when the sea surface height
becomes higher. The bottom-left panel of Fig. F-1-4 shows a box plot for the same data, in which
the maximum, the minimum, and the standard deviation are shown. With this plot, it is possible to
see the distribution of extreme values (outliers), which are not shown in the spread. The
bottom-right panel of Fig. F-1-4 shows the percentiles of the distribution of the same data. For
example, most of the members show the sea surface height of about 1 m at around 2 May 00UTC,
whereas some members show the sea surface height of nearly 4 m. After 2 May 00UTC, on the
other hand, ensemble members show a variety of sea surface heights. As seen above, we can extract
many kinds of information from 1D diagrams of the same ensemble NWP data by using different
plotting methods.
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Fig. F-1-4. Sea surface height at the mouth of the Irrawaddy River (95.07E, 16.1N). Top left: plume
diagram. Top right: mean and spread. Bottom left: box plot. Bottom right: percentile. After Otsuka
and Yoden (2010).

(2) 2D-diagrams of ensemble data

Three kinds of 2D plots for ensemble NWP
data are implemented: ensemble mean and spread,
so-called spaghetti plot, and distributions of
probability exceeding a threshold value. The
spaghetti plot shows the same isopleth lines for
all the ensemble members in a single plot. Higher
density of the contour lines means higher
reliability of the forecast, and the lower density
of the lines, which look like spaghetti on a plate,
means lower reliability. For example, a spaghetti
plot of the geopotential height at 500 hPa with Fig. F-1-5.

Spaghetti diagram of sea level
isopleth lines of 5,640 m is shown as the cover pressure of NHM. Each contour shows
illustration of Kalnay (2003). 1000 hPa in each ensemble member. Red:
initial time. Green: =24 h. Blue: =48 h.
After Otsuka and Yoden (2010).

In this section, analyses with the system are
demonstrated wusing the sea level pressure
simulated by NHM. Figure F-1-5 shows a
spaghetti plot of the sea level pressure with the contour lines of 1000 hPa at the initial time, 24
hours, and 48 hours. As time evolves, the low pressure region, which corresponds to cyclone Nargis,
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becomes larger and the difference between different members becomes larger. Especially, the speed
of eastward movement of the cyclone differs from member to member, which makes the differences
of the value and the timing of the maximum sea surface height shown in Fig. F-1-4.

G GFDNAVI

Top Finder Explorer Analysis Knowledge Login

Layout - | fures under test v sae of figere [nege = [l0 | [a -
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Category: examples Autho
Examples
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Fig. 1. Fig. 2. Fig. 3. Fig. 4, Fig. 5. Fig. &.

Fig. F-1-6. Examples of the diagrams in the interactive document on the decision support system. After
Otsuka and Yoden (2010).

F-1-3-3. User’s guide of the decision support system

We created an interactive tutorial document on how to analyze ensemble NWP data by using the
experimental version of the decision support system to obtain information which is necessary for
prevention and mitigation of meteorological disasters (see 1-2).

The user’s guide consists of systematic explanations of drawing methods on the system. As
generic draw methods, there are explanations for 1D plots (line, marker, and bar), 2D plots (contour,
tone, and vector arrow), and statistical plots (scatter and histogram). Especially, how to extract
information by slicing data along each axis is demonstrated for five-dimensional ensemble NWP
data as a function of latitude, longitude, height, time, and ensemble member.

As draw methods which are specific to ensemble NWP data, 1D diagrams such as plume diagram
and 2D diagrams such as the spaghetti plot are described. As analyses with simple mathematical
operations, how to compute the ensemble mean and spread is explained.

These sample diagrams shown in the tutorial document are also provided in an interactive
document on the decision support system, using the knowledge documenting system of Gfdnavi
(Fig. F-1-6). This enables us to modify parameters of the diagrams and redraw them. This also
enables us to save the diagrams on the database and write documents on the diagrams. By using this
tool, it is possible to archive and share knowledge which are needed to analyze and interpret NWP
data. By archiving many case studies, the system will provide useful information and tools for
specialists of ensemble NWP data, and the system will also serve as a tool for education.

F-1-4. Summary

We have developed an experimental decision support system for prevention and mitigation of
meteorological disasters, using a unified database and visualization tool Gfdnavi. The system
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enables us to analyze and visualize ensemble NWP data easily. The system is demonstrated using
the data of the experimental ensemble NWP on cyclone Nargis. The tutorial document on the
system is produced, including the interactive document of sample diagrams. Further efforts are
needed to enrich the contents to provide useful information for those who make decisions for
mitigation of meteorological disasters in various sectors.
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G. International partnership
G-1. Workshops and meetings'
G-1-1. The First International Workshop

The First International Workshop on “Prevention and Mitigation of Meteorological Disasters in
Southeast Asia” was held on March 3-5, 2008, at the Palace Side Hotel in Kyoto, Japan. In total, 58
researchers participated from 12 countries and regions in East Asia, Southeast Asia and South Asia. A

brief report of the meeting including a group photo is seen in the Newsletter No. 2 (see I-1).

= Program =

March 3 (Mon)

9:00 Opening

9:10 Shigeo YODEN (Department of Geophysics (DG)/ Kyoto University, JAPAN)

International research for prevention and mitigation of meteorological disasters in Southeast
Asia

Session I: High-resolution numerical weather predictions (chair: S. Yoden)
9:30 Emmy SUPARKA (Institut Teknologi Bandung(ITB), INDONESIA)
Reduction of geohazard risks for sustainable development in Indonesia
9:50 Tri Wahyu HADI (ITB, INDONESIA)
Mesoscale NWP model intercomparisons for the maritime continent: preliminary results and
future plan
10:30  (coffee break)
11:00  Kazuo SAITO (Meteorological Research Institute (MRI)/JMA, JAPAN)
Contribution of MRI to the international research for prevention and mitigation of
meteorological disasters in Southeast Asia
11:20  Tabito HARA (Japan Meteorological Agency (JMA), JAPAN)
Operational mesoscale NWP at the Japan Meteorological Agency
11:40  Md. Nazrul ISLAM (SAARC Meteorological Research Centre, BANGLADESH)
Use of regional climate model to study extreme weather events in and around Bangladesh
12:20  (lunch break)
13:30  KIEU Thi Xin (Vietnam National University of Hanoi, VIETNAM)
Numerical weather prediction with high resolution regional model-HRM in Vietnam.
Impact of convection parameterization on heavy rainfall forecast of HRM, verification and
problems for very low latitudes
13:50  Mezak Arnold RATAG (Indonesia National Meteorology and Geophysical Agency (BMG),
INDONESIA)
Development of high resolution models and its applications for weather and climate risk
reduction in Indonesia
14:30  Palikone THALONGSENGCHANH (DG/Kyoto University, JAPAN/LAO, PDR)
A down-scale experiment on numerical weather prediction in Indochina region (Lao PDR)
14:50  Krushna Chandra GOUDA (CSIR/Centre for Mathematical Modelling and Computer
Simulation, INDIA)
Comparison of two strategies for simulation of extreme rainfall events
15:30  (coffee break)

Session II: Tutorials and demonstrations (chair: S. Yoden)
16:00  Shugo HAYASHI (MRI/JMA, JAPAN)

Basic usage of the NHM for numerical weather experiments
16:40  Seiya NISHIZAWA (DG/Kyoto University, JAPAN)

' S. Yoden and F. Furutani (Kyoto University)
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Experimental development of a unified data base and decision support system for prevention
and mitigation of meteorological disasters

March 4 (Tue)
Session III: High-impact weather and its simulation/prediction (chair: K. Saito)

9:00

9:20

9:40

10:20

10:40
11:10

11:30

11:50

12:10

12:30

12:50

Vinliam BOUNLOM (Hydrological Division, Department of Meteorology and Hydrology,
LAO, PDR)

Country report on hydro-meteorological disasters in Lao PDR for the year 2006

Long SARAVUTH (Ministry of Water Resources and Meteorology, CAMBODIA)

Flash flood in Preas Vihear Province

Fredolin TANGANG (National University of Malaysia, MALAYSIA)

On the roles of the northeast cold surge, the Borneo Vortex, the MJO and the IOD during the
worst 2006/2007 flood in Southern Peninsular Malaysia

Taiichi HAY ASHI (DPRI/Kyoto University, JAPAN)

Disaster by the severe cyclone “Sidr” in the coastal region of Bangladesh in November, 2007
(coffee break)

Hiromu SEKO (MRI/JIMA, JAPAN)

Numerical simulation of heavy rainfall events in South/Southeast Asia using NHM
Rosbintarti Kartika LESTARI (NTU, SIMGAPORE)

Preliminary study on the precipitation of maritime Southeast Asia

Kazuhisa TSUBOKI (Nagoya University, JAPAN)

Simulation experiments of typhoons and tornadoes using the cloud resolving model
Toshiki IWASAKI (Tohoku University, JAPAN)

Influences of cloud microphysical processes on structure and development of tropical
cyclone

Mitsuru UENO (MRI/JIMA, JAPAN)

Recent advancements in the understanding of typhoon inner-core structures and its
implication for typhoon vortex initialization

(lunch break)

Session IV: Satellite observations, their applications and data assimilation (chair: T.-Y. Koh)

14:00  Toshitaka TSUDA (RISH/Kyoto University, JAPAN)
Utilization of GPS radio occultation data for the studies of atmosphere dynamics

14:40  Yoshinori SHOJI (MRI/JMA, JAPAN)
An experiment of near real-time precipitable water vapor retrieval using ground-based GPS
stations in South East Asia

15:00  Perapol BEGKHUNTOD (RFMMC, Mekong River Commission, CAMBODIA)
Satellite-based rainfall estimation and hydro-meteorological networks for flood forecasting
in the Mekong River Basin

15:40  (coffee break)

16:10  Hirohiko ISHIKAWA (DPRI/ Kyoto University, JAPAN)
Satellite monitoring of hazardous weather in Asia

16:30  Masaru KUNII (MRI/JMA, JAPAN)
Meso-scale data assimilation experiment in low latitudes

16:50  Le DUC (Vietnam National University of Hanoi, VIETNAM)
Development of a data assimilation system with HRM model and 3DVAR technique

17:10  Takeshi ENOMOTO (Japan Agency for Marine-Earth Science and Technology (JAMSTEC),
JAPAN)
ALERA:AFES-LETKF experimental ensemble reanalysis

17:30  Vijapuapu S. PRASAD (National Center for Medium Range Weather Forecasting, INDIA)
Assimilation of direct satellite radiance data at NCMRWF

18:30  (banquet)

March 5 (Wed)

Session V: Model output statistics, predictability, and decision supports (chair: T. Satomura)
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9:00 Tieh Yong KOH (NTU, SIMGAPORE)
Statistical verification of COAMPS model over SCSMEX period
9:20 Hongwen KANG (APEC Climate Center, KOREA)
Multi-model output statistical downscaling prediction of precipitation in the Philippines and
Thailand
9:40 Edwin S. T. LAI (Hong Kong Observatory, P. R. CHINA)
Use of NWP and EPS products in support of location-specific forecasts
10:00  Hitoshi MUKOUGAWA (DPRI/Kyoto University, JAPAN)
Predictability of tropical circulation examined by breeding of growing mode(BGM) method
for JMA ensemble prediction system
10:20  (coffee break)
10:50  Syozo YAMANE (Chiba Institute of Science, JAPAN)
Properties of ensemble perturbations evolving in an atmospheric general circulation model
11:10  Prawit JAMPANYA (Thai Meteorological Department (TMD), THAILAND)
The meteorological natural disasters warning system of Thailand
11:30  SANGA-NGOIE Kazadi (Ritsumeikan Asia Pacific University, JAPAN)
Our endangered costal ecosystems - an eco-climatic and risk analysis using GIS and remote
sensing -
11:50 Kamol PROMASAKHA NA SAKOLNAKHON (TMD, THAILAND)
Integration NWP data and applied geographic information system(GIS) management for
landslide at Amphure Pai, Mae Hong Son
12:10  Takeshi HORINOUCHI (RISH/Kyoto University, JAPAN)
Database and data-analysis infrastructure for atmospheric studies
12:30  (lunch break)
Session VI: High-resolution model as a fundamental research tool (chair: T.W. Hadi)
14:00  Takehiko SATOMURA (DG/Kyoto University, JAPAN)
Development of ultra-high resolution numerical model
14:20  Nurjanna Joko TRILAKSONO (ITB, INDONESIA)
Study of diurnal patterns of convection in Sumatra Island using weather research and
forecasting-advanced research WRF (WRF-ARW) model
14:40  Shigenori OTSUKA (DG/Kyoto University, JAPAN)
Numerical experiments on vertically fine structures of water vapor in the Tropics
15:00  Yoichi ISHIKAWA (DG/Kyoto University, JAPAN)
Dependency of the tropical convective clouds on the sea surface temperature simulated by a
high-resolution coupled model
15:20  Tetsuya TAKEMI (DPRI/Kyoto University, JAPAN)
Environmental stability control of the precipitation structure and intensity within mesoscale
convective systems
15:40  (coffee break)
Session VII: Future research and collaborations
16:10  all participants
Open discussions
16:50  Closing

- 111 -



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.65 2012

G-1-2. The Second International Workshop

The Second International Workshop on “Prevention and Mitigation of Meteorological Disasters in
Southeast Asia” was held on March 2-5, 2009, at Jayakarta Hotel in Bandung, Indonesia. In total, 47
researchers participated from 12 countries and regions in East Asia, Southeast Asia and South Asia. A

brief report of the meeting including a group photo is seen in the Newsletter No. 4 (see I-1).

= Program =
March 2 (Mon)
Opening session (Chair: Tri Wahyu HADI)
13:30  Tri Wahyu HADI (ITB, Indonesia)
Welcome, opening remarks, and logistics
13:40 Emmy SUPARKA (ITB, Indonesia)
Welcome address
14:00  Takashi NISHIGAKI (JST, Japan)
Welcome address
14:20  Shigeo YODEN (DG/Kyoto University, Japan)
International collaborations on prevention and mitigation of meteorological disasters in
Southeast Asia
14:50  Mu MU (IAP/CAS, China)
Approaches to adaptive observation for improving high impact weather prediction: CNOP
and SV
15:30  (Coffee break)

Session I: Downscale NWPs (Chair: KIEU Thi Xin)
16:00  Tri Wahyu HADI (ITB, Indonesia)
Prediction of diurnal variation over Java Island: A four-model intercomparison
16:30  Shugo HAYASHI (MRI/JIMA, Japan)
Statistical verifications of short term NWP by NHM and WRF-ARW around Japan and
Southeast Asia
17:00  Introduction of posters
Two minutes talk without ppt slides
17:30  (End of the first day sessions)
19:00  <<<Joint banquet with JSPS-AASP at the Jayakarta Hotel >>>

March 3 (Tue)

Session I: - continued (Chair: Toshiki IWASAKTI)

08:30  Md. Nazrul ISLAM (SAARC/MRC, Bangladesh)
Regional climate model in prevention of meteorological disaster in SAARC region

09:00  KIEU Thi Xin (University of Hanoi, Vietnam)
Implementing regional hydrostatical models & NHM of MRI for the historical heavy rain
case caused flooding in Hanoi in November 2008. Comparision
Development of a short-range ensemble prediction system at NCHMF: Preliminary results
( Le DUC, NCHMF, Vietnam)

09:30  Wai-kin WONG (Hong Kong Observatory, Hong Kong)
Development and applications of JMA-NHM in support of severe weather forecasting in
Hong Kong

10:00  (Coffee break)

Session II: Tropical disturbances and precipitation process (Chair: Chun-Chieh WU)

10:30  Hiromu SEKO (MRI/JMA, Japan)
Structure of the regional heavy rainfall system that occurred in Mumbai, India, on 26 July
2005
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11:00  Tetsuya TAKEMI (DPRI/Kyoto University, Japan)
High-resolution modeling study of an extreme rainfall event in a complex terrain under the
influence of typhoon Fung-Wong (2008)

11:30  (Lunch)

Session II: - continued (Chair: Tieh Yong KOH)

13:30  Toshiki IWASAKI (Tohoku University, Japan)
Influences of cloud microphysical processes on structure and development of tropical
cyclone Part II: Effects of evaporation from rain

14:00  Yoichi ISHIKAWA (DG/Kyoto University, Japan)
Interaction between tropical convective clouds and ocean mixed layer simulated by a
high-resolution coupled model

14:20  Madhavan N. RAJEEVAN (NARL, India)
Sensitivity of different microphysics parameterization schemes to the simulation of
mesoscale convective systems observed over Gadanki, India

14:40  Tohru KURODA (MRI/JMA, Japan)
NHM utilities for SE Asian NWP and numerical experiments of myanmar cyclone Nargis

15:00  (Coffee break)

Session III: Observation network (joint with JSPS-AASP) (Chair: Toshitaka TSUDA)

15:30  Manabu D. YAMANAKA (JAMSTEC, Japan)
Overview and scientific background of JEPP-HARIMAU project: Long coastlines of
maritime continent governing global climate

16:00  Masato SHIOTANI (RISH/Kyoto University, Japan)
Ozone and water vapor Observations in the equatorial Pacific

16:30  Tieh Yong KOH (Nanyang Technological University, Singapore)
Towards a mesoscale observation network in Southeast Asia

17:00  Basuki SUHARDIMAN (ITB, Indonesia)
Trans European information network 3 (TEIN3) and its potential use for the weather and
climate research in Southeast Asia

17:20 (End of the second day sessions)

March 4 (Wed)

Session IV: New methods in observation, data assimilation, and NWPs (joint with JSPS-AASP)
(Chair: Masato SHIOTANI)

08:30  Toshitaka TSUDA (RISH/Kyoto University, Japan)
Application of GPS radio occultation (RO) data for the studies of atmospheric dynamics and
data assimilation into numerical weather prediction model

09:00  Seon Ki PARK (Ewha Womans University, Korea)
Data assimilation and parameter estimation to improve forecast accuracy of disastrous
weather systems

09:30  Kevin CHEUNG (Macquarie University, Australia)
A statistical tropical cyclone rainfall model for the Taiwan area

10:00  (Coffee break)

Session IV: - continued (Chair: Mezak A. RATAG)

10:30  Chun-Chieh WU (National Taiwan University, Taiwan)
Targeted observation for improving tropical cyclone predictability — DOTSTAR and T-PARC

11:00 DODLA V. Bhaskar Rao (Andhra University, India)
Ensemble prediction of “SIDR” cyclone over Bay of Bengal using a high resolution
mesoscale model

11:30  Kazuo SAITO (MRI/JMA, Japan)
Ensemble forecast experiment of cyclone Nargis

12:00  (Lunch)

Session V: Risk assessment and community preparedness (Chair: Kazuo SAITO)
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13:30  Hirohiko ISHIKAWA (DPRI/Kyoto University, Japan)
Estimation of meteorological hazards using output from numerical weather prediction model
14:00 Kamol PROMASAKHA NA SAKOLNAKHON (TMD, Thailand)
Case Study: The atmospheric stability indices and applied GIS risk assessment severe
thunderstorms in the northeastern of Thailand
14:30  Mezak A. RATAG (BMG, Indonesia)
Roles of high resolution weather and climate models in disaster risk management at district
level
15:00  (Coffee break)

Tutorials

15:30  Kazuo SAITO, Shugo HAYASHI, and Tohru KURODA (MRI/JMA, Japan)
Introduction to non-hydrostatic model of MRI/IMA

17:00  (End of the third day sessions)

March 5 (Thu)

Session VI: Extended range NWPs (Chair: Mu MU)

08:30  Hitoshi MUKOUGAWA (DPRI/Kyoto University, Japan)
On the influence of the tropical intraseasonal oscillation to the predictability of the
Pacific/North American pattern

09:00  Krushna C. GOUDA (CSIR/CMMCS, India)
Advance prediction of date of onset of monsoon: dynamical basis and skill evaluation

09:30  Donaldi Sukma PERMANA (BMG, Indonesia)
Comparisons between conformal cubic atmospheric model (CCAM) and global forecasting
system (GFS): global model output over Indonesia in September — October — November
(SON) 2008

10:00  (Coffee break)

Session VII: Data assimilation (Chair: Seon Ki PARK)
10:30  Yoshinori SHOJI (MRI/JMA, Japan)
Data assimilation of precipitable water vapor derived from GPS network in South East Asia
11:00 I Dewa Gede A. JUNNAEDHI (ITB, Indonesia)
Impact of local data assimilation on short range weather prediction in Indonesia : A
preliminary result
11:30  (Lunch)

Poster session
13:00  Kosuke ITO (DG/Kyoto University, Japan)
Improved estimates of air-sea fluxes in a tropical cyclone using an adjoint method
Takuya KAWABATA (MRI/IMA, Japan)
Development and results of a cloud-resolving nonhydrostatic 4DVAR assimilation system
Hyun Hee KIM (Ewha Womans University, Korea)
Identification of adaptive observation area in typhoon Megi (2002) using an ensemble data
assimilation method
Masaru KUNII (MRI/JIMA, Japan)
Sensitivity analysis using the mesoscale singular vectors
Jalu Tejo NUGROHO (LAPAN, Indonesia)
Solar cycle prediction using periodicity analysis of weighted wavelet Z-transform
Shigenori OTSUKA (DG/Kyoto University, Japan)
Numerical experiments on formation processes of thin moist layers in the mid-troposphere
over a tropical ocean
Kazuo SAITO (MRI/JMA, Japan)
Achievements and experiences of MRI/JMA at the WWRP Beijing Olympic research and
development project
Hiromu SEKO (MRI/JMA, Japan)
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Mesoscale ensemble experiments on potential parameters for tornado formation
Hiromu SEKO (MRI/JMA, Japan)

Mesoscale ensemble experiments on heavy rainfalls in Japan area using LETKF
Tri Handoko SETO (BPPT, Indonesia)

Weather modification technology for flood prevention in Indonesia
Ibnu SOFIAN (BAKOSURTANAL, Indonesia)

Simulation of wind-setup wave in the Indonesian Seas using the nesting wavewatch 111
Elza SURMAINI (Dept. of Agriculture, Indonesia)
Validation of ECMWEF seasonal forecast output in Indonesia

Closing session (Chair: Shigeo YODEN)
14:30  All Participants

Discussion for Future Activities
15:00  (Adjourn)
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G-1-3. The Third International Workshop

The third international workshop on “Prevention and Mitigation of Meteorological Disasters in
Southeast Asia” was held on March 1-3, 2010, and the open symposium on “Meteorological Disasters
and Adaptable Society in the Asia-Pacific Region” was held on March 4, 2010, at Ritsumeikan Asia
Pacific University (APU) in Beppu, Japan. 61 researchers and graduate students from 13 countries
participated in the workshop, and 63 people including citizens of Beppu attended the open symposium.

A brief report of the meeting including a group photo is seen in the Newsletter No. 6 (see I-1).

= Program =

March 1 (Mon)

Opening session (Chair: Sanga-N. KAZADI)

09:15  Sanga-N. KAZADI (APU, Japan)
Welcome, opening remarks, and logistics

09:20  Malcolm J. M. COOPER (APU, Japan)
Welcome address

09:30  Shigeo YODEN (DG/Kyoto U., Principal Investigator, Japan)
International collaborations on prevention and mitigation of meteorological disasters in
Southeast Asia

10:00  Indratmo SOEKARNO (ITB, Vice President, Indonesia)
Flood protection in Bandung - West Java due to Citarum River

10:30  (Coffee break)

Opening session — continued (Chair: Kazuo SAITO)
11:00  Naoyuki HASEGAWA (Head of Office Int. Affairs/JMA, Japan)
Regional cooperation in meteorological services in Asia and the Pacific
11:30  Mu MU (IAP/CAS, China)
A comparison study on adaptive observation approaches: Singular vector, conditional
nonlinear optimal perturbation and ensemble transform Kalman filter
12:00  Kaoru TAKARA (DPRI/Kyoto U., Leader of GCOE-ARS, Japan)
Sustainability science for a resilient society adaptable to extreme weather conditions
12:30  (Group photo)
12:40  (Lunch)

Session I: High-impact weather - prediction and analysis (Chair: Tieh Yong KOH)

14:00  Tetsuo NAKAZAWA (MRI/JMA, Japan)
Can the global ensemble forecast data detect high-impact weather events?

14:30  Venkata Bhaskar Rao DODLA (Jackson State University, US)
A new strategy for improvement in the prediction of tropical cyclone intensity and movement
using FDDA and vortex initialization

15:00  Introduction of posters

15:30  (Coffee break)

Session I: - continued (Chair: Tri Wahyu HADI)

16:00  Fredolin TANGANG (National University of Malaysia, Malaysia)
Impact of the Madden-Julian Oscillation (MJO) on the maritime continent’s rainfall

16:30  Samsul BAHRI (Weather Modification Unit/BPPT, Indonesia)
The use of radar for weather modification in order to mitigate weather and climate disaster in
Indonesia

17:00  (End of the first day sessions)

18:00  (Banquet)
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March 2 (Tue)
Session II: Tropical disturbances (Chair: Takehiko SATOMURA)

09:00

09:30

09:50

10:10

10:30

Chun-Chieh WU (National Taiwan University, Taiwan)

Targeted observation, data Assimilation, and tropical cyclone dynamics and predictability
Yoshinori SHOJI (MRI/JIMA, Japan)

Data assimilation of GPS PWYV for Myanmar cyclone NARGIS

Krushna Chandra GOUDA (CSIR/CMMCS, India)

Prediction of tropical cyclone over Bay of Bengal using NHM high resolution model

Hari Prasad DASARI (University of Evora, Portugal)

Numerical prediction and dynamical analysis of a super cyclonic system over north Indian
Ocean

(Coffee break)

Session II: - continued (Chair: Chun-Chieh WU)

11:00

11:30

11:50

12:10

12:30

Takeshi ENOMOTO (JAMSTEC, Japan)
Precursory signals of typhoon genesis in analysis ensemble spread
Palikone THALONGSENGCHANH (LMNRRI/PMO, Lao PDR)
Flood event on meteorological disaster “TC Ketsana’s Case FY 2009 in Lao PDR
Thanh NGO-DUC (AMO/NHMS, Vietnam)
Extreme climate events in Vietnam - tropical cyclones and heavy rainfall phenomena
observed in the past
Shigenori OTSUKA (DG/Kyoto University, Japan)
Decision support system for prevention and mitigation of meteorological disasters based on
ensemble NWP data: an experimental use for the forecasts of Nargis
(Lunch)

Session III: Heavy precipitation and microphysics  (Chair: Thi Xin KIEU)

13:30

14:00

14:20

14:40

15:00

Takehiko SATOMURA(DG/Kyoto University, Japan)

Toward the mitigation of water disaster in countries in the Indochina Peninsula

Juneng LIEW (National University of Malaysia, Malaysia)

Numerical investigation of a severe afternoon thunderstorm over west coast of Peninsular
Malaysia

Tetsuya TAKEMI (DPRI/Kyoto University, Japan)

Representation of extreme weather events in convection-resolving simulations at 100-m
resolution

Siriluk CHUMCHEAN (Mahanakorn University of Technology, Thailand)

Bangkok rainfall forecasting system: An operational radar and RTC application

(Coffee break)

Session I1I: - continued (Chair: Hirohiko ISHIKAWA)

15:30  Seon Ki PARK (Ewha Womans University, Korea)
Characteristics of fog occurrence over the Korean Peninsula
16:00  Ryoji NAGASAWA (NPD/JMA, Japan)
Problem of cloud overlap in the radiation calculation in the JMA Nonhydrostatic Model
16:20  Chee-Kiat TEO (NTU, Singapore)
Nadir correction to AIRS radiances
16:40  Hiromu SEKO (MRI/JMA, Japan)
Data assimilation of side-looking radio occultation by observing system simulation
experiment
17:00  (End of the second day sessions)
March 3 (Wed)

Session I'V: Mesoscale NWP  (Chair: Seon Ki PARK)

09:00

Kazuo SAITO (MRI/JMA, Japan)
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Achievement of MRI for the International Research for Prevention and Mitigation of
Meteorological Disasters in Southeast Asia

Takuya KAWABATA (MRI/JMA, Japan)

Cloud-resolving 4D-Var with Radar and GPS data

Masaomi NAKAMURA (MRI/JMA, Japan)

Projection of the change in future extremes around Japan using a nonhydrostatic regional
model

Santi SUMDIN (TMD, Thailand)

The conversion operational Unified Model output to GrADS and GIS data for weather
forecasting activities in Thai Meteorological Department

(Coffee break)

Session IV: - continued (Chair: Tetsuya TAKEMI)

11:00

11:30

11:50

12:10

12:30

Tri Wahyu HADI (ITB, Indonesia)

Multiscale precursors of extreme weather and climatic events in Indonesia: Process study
and experimental predictions

Wai-kin WONG (Hong Kong Observatory, Hong Kong)

Development of operational rapid update non-hydrostatic NWP and data assimilation
systems in the Hong Kong Observatory

Shugo HAYASHI (MRI/JMA, Japan)

Statistical verification of short range forecasts by NHM and WRF-ARW over Southeast Asia
and Japan areas

Tieh Yong KOH (NTU, Singapore)

Improved diagnostics for NWP verification

(Lunch)

Session V: Global to regional scales and applications (Chair: Hiromu SEKQ)

13:30

14:00

14:20

14:40

15:00

Hirohiko ISHIKAWA (DPRI/Kyoto University, Japan)

Reproduction of hazardous weather in Asia in 2009 using dynamic downscaling from global
analysis

Kumarenthiran SUBRAMANIAM (MMD, Malaysia)

Performance of ensemble prediction for numerical weather prediction (NWP) models during
the northeast monsoon over Peninsular Malaysia

Shozo YAMANE (Doshisha University, Japan)

Properties of ensemble perturbations evolving in an atmospheric general circulation model
Zhina JIANG (LaSW/CAMS, China)

A New Approach to the Generation of Initial Perturbations for Ensemble Prediction:
Conditional nonlinear optimal perturbations

(Coffee break)

Session V: - continued (Chair: Shigeo YODEN)

15:30

16:00

16:20

Closing
16:40

16:50

Ivonne Milichristi RADJAWANE (ITB, Indonesia)

Sea level rise assessment in the northern part of Java coastal area

Yoichi ISHIKAWA (DG/Kyoto University, Japan)

Formation of ocean surface barrier layer simulated by high-resolution atmosphere-ocean
coupled model

Rita Tisiana Dwi KUSWARDANI (Ocean University of China, China)

The effects of surface waves on the upper ocean and climate system and its application to the
development of an ocean forecast system in Indonesian Seas

Yoshinori SHOJI (MRI/JMA, Japan)

Report on the 16th Session of the Asia-Pacific Regional Space Agency Forum and the first
Asia Oceania Region Workshop on GNSS

Takashi NISHIGAKI (JST, Japan)
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Concluding remarks

17:00  Shigeo YODEN (DG/Kyoto U., Japan)
Summary

17:10  (End of the workshop)

Poster presentations
P-1 Taiichi HAYASHI (DPRI/Kyoto U., Japan)
Recent research trend of heavy rainfall and severe local storm in the northeastern Indian
subcontinent
p-2* Hitoshi HIROSE (DG/Kyoto University, Japan)
Comparison between cloud cover variations from satellite observations and those from
surface observations
pP-3* Kosuke ITO (DG/Kyoto University, Japan)
Estimation of air-sea fluxes in a tropical cyclone by using variational method with an
intermediate atmosphere-ocean coupled mode
P-4 Thi Xin KIEU (Vietnam National University at Hanoi, Vietnam)
On some tests of rainfall forecast using NHM in Vietnam
pP-5* Yoshiaki MIYAMOTO (DPRI/Kyoto University, Japan)
Axisymmetric and asymmetric processes of tropical-cyclone vortex during the rapid
intensification phase
P-6 Findy RENGGONO (Weather Modification Unit/BPPT, Indonesia)
Precipitating cloud observed by C-band radar at Sorowako, Indonesia
pP-7* Naoaki SAITO (DG/Kyoto University, Japan)
Interaction between thermal convection and mean flow in a rotating system
P-8 Tri Handoko SETO (Weather Modification Unit/BPPT, Indonesia)
Weather modification technology for flood prevention in Indonesia
P-9 Widada SULISTYA (Centre for Public Meteorology/BMKG, Indonesia)
Indonesian extreme weather
P-10 Fredolin TANGANG (National University of Malaysia, Malaysia)
Simulation of heavy precipitation episode over eastern Peninsular Malaysia using MMS5:
Sensitivity to cumulus parameterization schemes
P-11 Palikone THALONGSENGCHANH (LMNRRI/PMO, Lao PDR)
TC Ketsana's effect in Lao (FY2009)
P-12*  Nurjanna Joko TRILAKSONO (DG/Kyoto University, Japan)
Study of heavy rainfall during Jakarta flood event January-February 2007
P-13*  Hiroki YAMAMOTO (DG/Kyoto University, Japan)
Laboratory experiments on two coalescing axisymmetric turbulent plumes in a rotating fluid
P-14*  Ryuji YOSHIDA (DPRI/Kyoto University Japan)

A Numerical simulation of tropical cyclogenesis with MCS merger
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March 4 (Thu)
“Open Symposium on Meteorological Disasters and Adaptable Society in the Asia-Pacific Region

Open Symposium (Chair: Sanga-N. KAZADI)
10:00  Sanga-N. KAZADI (APU, Japan)
Opening remarks
10:10  Shigeo YODEN (DG/Kyoto University, Japan)
International collaborations on prevention and mitigation of meteorological disasters in
Southeast Asia
10:30  Shunso TSUKADA (APU, Japan)
Socio-economic implications of meteorological disasters and possible measures to mitigate
their impacts
10:50  Tieh Yong KOH (NTU, Singapore)
Towards a mesoscale observation network in Southeast Asia
11:10  Toshitaka TSUDA (RISH/Kyoto University, Research Leader of GCOE-ARS, Japan)
Fusion of science and engineering for extreme weathers and global warming
11:30  Takashi NISHIGAKI (JST, Japan)
Comments
11:40  Masahiro KOBAYASHI (JICA Kyushu, Japan)
Comments
11:50  Sanga-N. KAZADI (APU, Japan)
Closing remarks
12:00  (end of the Symposium)

12:15-13:15 Lunch buffet at the APU cafeteria
all participants are invited to have further discussions/conversations
13:30 — 18:00
Field observations at some key spots related to Geohazards in and around Beppu
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G-1-4. The First Local Meeting

The first local meeting on “Prevention and Mitigation of Meteorological Disasters in Southeast
Asia” was held on August 17-18, 2007, at Kyoto University in Kyoto, Japan. 24 Japanese
researchers and 2 officers from JST participated in this meeting and discussed research plan and

schedule of this program.

G-1-5. The Second Local Meeting
The second local meeting on “Prevention and Mitigation of Meteorological Disasters in Southeast

Asia” was held on September 9-10, 2008, at MRI in Tsukuba, Japan and 28 Japanese researchers

participated in this meeting.

= Program =
13:10-13:30 Opening
13:30-16:20 Session I: Observation and Data

Taiichi HAY ASHI (DPRI/Kyoto University)

Recent research trend of mesoscale phenomena in South Asia
Takehiko SATOMURA (DG/Kyoto University)

Precipitation characteristics in northern Indochina
Noriyuki NISHI (DG/Kyoto University)

Detection of precipitation using split-window measurements by geostaionary satellite
Hirohiko ISHIKAWA (DPRI/Kyoto University)

Myanmar Cyclone Nargis: Satellite images and numerical experiments by WRF
Masato Shiotani (RISH/Kyoto University)

Stationary circulation observed in the upper troposphere over the western Indian Ocean
Yoshinori SHOJI (MRI/IMA)

Global realtime analysis of GPS data and plan of assimilation experiments
15:30-15:40 (Coffee break)

15:40-16:20 Session 1 (continued)

Takeshi HORINOUCHI (RISH/Kyoto University)
Gfdnavi: present and future prospects

Seiya NISHIZAWA (DG/Kyoto University)
Experimental development of a decision support system for prevention and mitigation of
meteorological disasters with Gfdnavi

16:20-17:00 Invited talks
Shuichi MORI (JAMSTEC)

Present status of JEPP/HARIMAU radar-profiler network observations in Indonesia
Manabu YAMANAKA (JAMSTEC)

Coastline length governing equatorial rainfall amount

17:00-17:30 Discussion on data archive and cooperation
September 10 (Wed)
09:10-10:50 Session 2: Numerical weather prediction

Shigeo YODEN (DG/Kyoto University)
Ensemble forecasts with regional models
Kohei ARANAMI (JMA)
Improvements of utility tools to carry out NHM and introduction of DVD-NHM
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Syugo HAYASHI (MRI/IMA)
Intercomparisons of NHM and WREF forecasts over topical and Japan areas
Tohru KURODA (MRI/JIMA)
Development of utility tools for NHM execution in tropics and reproduce/forecast
experiments of Nargis
Kazuo Saito (MRI/JMA)
Tidal wave simulation on ensemble forecast of Nargis
10:50-11:00 (Coffee break)

11:00-12:00 Session 2 (continued)
Mitsuru UENO (MRI/JMA)
Some aspects of typhoon structure represented in the JMA meso-analyses and synthetic data
Masaru KUNII (MRI/JIMA)
Regional data assimilation experiment in southeast Asia
Hiromu SEKO(MRI/JMA)
Structure of the regional heavy rainfall occurred at Santacruz, India on 26 July 2005

12:00-12:30 Discussion on Bandung WS

G-1-6. The Third Local Meeting
The third local meeting on “Prevention and Mitigation of Meteorological Disasters in Southeast

Asia” was held on July 13-14, 2009, at Kyoto University in Kyoto, Japan. 13 Japanese researchers,

one Indonesian researcher and two officers from JST participated in this meeting.

= Program =
July 13 (Mon)
09:30-12:00 Session 1
Shigeo YODEN (DG/Kyoto University)
Past, present and future of this JST project
Hirohiko ISHIKAWA (DPRI/Kyoto University)
The relationship between the development of Typhoon and the Ocean Heat Content
Tetsuya TAKEMI (DPRI/Kyoto University)
Representation and localization of severe local rainstorms and related disasters with
high-resolution regional simulations
Tri Wahyu Hadi (ITB)
Improved NWP systems for hydrometeorological disaster risk reduction in Southeast Asia:
economic imperatives and scientific challenges
Nurjanna Joko Trilaksono (DG/Kyoto University, ITB)
Study of heavy rainfall during Jakarta flood event January-February 2007
Shigenori OHTSUKA (DG/Kyoto University)
Experimental development of a decision support system for prevention and mitigation of
meteorological disasters with Gfdnavi
12:00-13:30 (Lunch break)

13:30-16:00 Session 2
Masami Narita (JMA)

Development of a convection scheme for the JMA nonhydrostatic model
Masami Narita (JMA)

Using JMA models by the NWP research and development platform
Syugo HAYASHI (MRI/JMA)
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Statistical verification of short range forecasts by NHM and WRF-ARW over Southeast Asia
and Japan areas
Tohru KURODA(MRI/IMA)
Recent results and future plan of forecast experiments on Cyclone Nargis
Kazuo SAITO (MRI/IMA)
Ensemble prediction of Myanmar Cyclone Nargis and the associated storm surge
Masaru KUNII (MRI/JMA)
Mesoscale data assimilation of Myanmar Cyclone Nargis
Yoshinori SHOJI (MRI/IMA)
GPS data assimilation of Myanmar Cyclone Nargis

16:00-17:00 Discussion on the project
18:00- (Banquet)

July 14 (Tue)
09:30-14:30 Individual discussions
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G-2. Newsletters'
Newsletters on “International Research for Prevention and Mitigation of Meteorological Disasters

in Southeast Asia” were published six times for three years (see Appendix I-1).

* Newsletter No. 1 (Published on December 26, 2007)
Contents: 1. Outline
2. Major Research Subjects
3. Topics (The 1st International Workshop, JSPS-LIPI Workshop, The 5th AOGS Annual
Meeting)

+ Newsletter No. 2 (Published on March 10, 2008)
Contents: 1. MRI Scientists visit NTU and ITB

2. Report on the 1st International Workshop

3. Topics (Internet satellite “Kizuna” (WINDS))

+ Newsletter No. 3 (Published on October 31, 2008)
Contents: 1. Report on the AOGS 2008 Session AS06
2. Topics (The WWRP Beijing Olympics 2008, Forecast Demonstration/Research and
Development Project, The Second Domestic Workshop)

* Newsletter No. 4 (Published on March 23, 2009)
Contents: 1. Report on the 2nd International Workshop
2. Joint Sessions and Activities in Institut Teknologi Bandung
3. Topics (A workshop on “Ground based atmospheric observation network in equatorial
Asia”)

* Newsletter No. 5 (Published on October 30, 2009)
Contents: 1. MRI Scientist visited CMMCS in India
2. Visit to three institutions in Jakarta, Indonesia, for further international research
collaborations
3. Lectures in KAGI21 International Summer School 2009

* Newsletter No. 6 (Published on March 29, 2010)
Contents: 1. Summary of the activities for three years
2. Topics (Report on the 3rd International Workshop)

''S. Yoden and F. Furutani (Kyoto University)
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G-3. Mutual visits'

In addition to the international workshops, MRI scientists visited partner institutions in Southeast

Asia and exchanged the scientific information during the project period (Table G-3-1).

Table G-3-1. List of visits of MRI scientists to partner institutions

Partner Country/ Region Visitors Period Report in
institutions Newsletter (I-1)

ITB Indonesia Saito and Hayashi 2008.2.11-12 No. 2

NTU Singapore Saito and Hayashi 2008.2.14-15 No.2

CSIR India Hayashi 2009.3.23-25 No.5
C-MMACS

VNU Vietnam Saito and Kuroda 2009.10.6-9 No.6

HKO Hong Kong Saito and Honda** 2009.2.9-13*

*Invitation by Hong Kong Observatory
**Yuki Honda (Numerical Prediction Division/JMA)

Prior to the project T. Hadi of ITB and T. Koh of NTU visited MRI on 19 March 2007 with Prof.
Yoden of Kyoto Univ. and made presentations (Fig. G-3-1).

Fig. G-3-1. (Left) T. Hadi of ITB presents ‘Numerical Weather Prediction in Indonesia: Demands, Prospects, and
Challenges’ at MRI. (Right) T.-Y. Koh of NTU presents ‘Tropical Weather Research in Singapore’.

1 K. Saito
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G-4. Project web site at Kyoto University1

The web site of the project in English is provided by Kyoto University to serve researchers in
Southeast Asia (http://www-mete.kugi.kyoto-u.ac.jp/project/MEXT/). The web site provides the
following contents: the motivations of the project, the summary of the major research subjects
(downscale NWPs, new data, and decision support system), topics, meetings, newsletters, the list of
publications and presentations, reports of the project, and links to the related web sites. The top page
(Fig. G-4-1) provides the general introduction of the project and the recent topics. The motivation of

the project is written in the next page.
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(T International Research for Prevention and Mitigation
[ M
[ ";,:fni; B of Meteorological Disasters in Southeast Asia
| 3 J' WEXT Spaeriah Coor@nanoes Fusds byr Pogemotisn SCwscn ond Teckmokegy bor FY 2007 - J0H
Aaly SET Sistegt Coopeiition Propiam Ll o]
| e
| e lome
hbolrah e I
htajcd Heseqech Thi% 5 thar Home Page of “inemational Research for Pretssntion and Mibigabon of Moteoniogicn] Disesiess m Southeas! Ada”™ under e MEXT
| Sxknetis Special Coondination Funds for Promating Science and Technology, supported for FY 2007 - 2000 under Asia 54T Siraiegc Cooperation
in) Dowiscale | FToIm
WP Risk of high-impac weather pssoc e willy giohal WanTng andior toonomical devsomEment i potentialy incroasing, and (isgation of probabiity
5 irfoemahon obilained by ersemble NWPS (Numerical Wealber Préciclions) is a chabenge lof (he development of decrsion support looks

Thies, we establsh infemabonal Schentsl-Nehwodk for Prevention and Mikgation of Metcorclogeal Disasters in Soulfwas] Asia® iIough neseanch
and development of downscakng MW syshems

Mame of nflation Kyobo Liniverssy

Progact baader Shigen YODEMN {Pralessar of hetaohtkody)
| Paitshcaty Parinemed inshiubion in Japan Meteorologeeal Research Insiitule, Japan Mateorological Agency
| | rEsEmE Groug ksades Kinruo SAITO (Head of the 2nd Reseach Labomatory, Forecas Reseanch Department)
| ﬁ.u Do Parinerad instituticn cutstde Japan:  instiul Teknolog Bandung, indonesia
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| Contng List of collaborators |pof]
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= Dipen Sympocnim on keleormological Chsasiers and Adapiable Society & the Asia.Pacfic Regon
Karch 4 [Thuisday), 2010 10001200
Ritsumeskan Asia Pacific Linnversity, RoomH.202, Beppu, Japan. [pdi]

Fig. G-4-1. Top page of the web site of the project at Kyoto University.

On the pages of major research subjects, brief summaries are presented with schematic diagrams of
(a) experimental downscale NWPs in the tropics with regional meso-scale models, (b) assessments of
the impact of new observational data on NWPs with advanced data assimilation schemes, and (¢)
development of a unified data base and decision support system for prevention and mitigation of
meteorological disasters. On the page of the topics, several reports on various topics are provided. The
titles of the documents are shown below.

1. A session "Numerical Weather Prediction and Data Assimilation in Southeast Asia" (AS06)

convened at the Sth Annual Meeting of Asia Oceania Geosciences Society (AOGS).

2. The International Symposium for Applications of "Kizuna" of Wideband InterNetworking

engineering test and Demonstration Satellite (WINDS).

3. JSPS-LIPI workshop "Japan Indonesia Research Collaboration on Natural Disasters".

1 S. Otsuka
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A session "Applied Mesoscale Numerical Weather Prediction in Southeast Asia" (AS04)
convened at the 3rd Annual Meeting of AOGS.

5. KAGI21 International Workshop "Regional Models for the Prediction of Tropical Weather

and Climate"
On the page of the meetings, the programs of all the international and domestic workshops held by
the project are provided. On the page of the newsletters, all the newsletters published by the project
(volume 1-6) are distributed in the PDF format (Fig. G-4-2). The annual reports that are submitted to

Japan Science and Technology Agency are also downloadable from the web site.

I ’}# 7 International Research for Prevention and Mitigation c

s "‘"’..:,'ﬁ};' of Meteorological Disasters in Southeast Asia
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G-5. Project web site at MRI'

The project web site on MRI’s contribution was prepared as a part of the MRI’s web page. The web
site provided the following contents: News (topics), development of NWP models and application,
meetings, information on NHM for the users outside JMA and links to the related web sites. The top
page (Fig. G-5-1) provides the outline of the research and recent topics.
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L
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T PURPOSES
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Project Leader Shigeo YODEN (Proffessor, Kyoto University)
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« Hosting workshops 1o promole infermalional lechnical collaboration.

« Devetamment ot N fof Hogcal meteorokoay
» higntengncs of NHM fof intsmanonal Collaboralive Siudies,
- [aia pssimilation sxpermant in ropicsl Aress.

{3) Experiment putting to Practical Use for Quasi-realtime
(Institut Teknolagl Bandung, Indonesia)
- Cuasi-reatime downscale forecast expenment in Southeas! Azia
« Preangrtion of a international ressarch network.

Fig. G-5-1. Top page of the web site of the project at MRI.
(http://www.mri-jma.go.jp/Project/Kashinhi_seasia/Eng/en MRI kashinhi.htm)

1 K. Saito and T. Kuroda
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On the pages of information, meeting programs, JMANHM information, and links are provided
(Fig. G-5-2). The contents of JMANHM information include NHM user's guide (tutorials on NHM), a
sample letter to ask for the permission to use NHM, publications and links to JRA25 and to
Ruby-NusDaS(Fig. G-3-2).

’ € Welcome - TInternational Research for Prevention and Mitigation of Meteorological Disasters in

e
@@:v |E, hitp:/fwww.mri-jma.go.jp/Project /Kashint v‘ "f| X |
= = - - s

49 ooge » |

oo =

7r BRICAD | & Welcome - Mnternational Research for Prev... |_| |

MEXT Special Coordination Funds for Promoting Science and Technology

Asia S&T Sirategic Cooperation Program
International Research for Prevention and Mitigation of Meteorological Disasters in

- INFORMATION -

Meeting

+ The 3rd Domestic Workshop at Kyoto University(July 13-14.2009)

+ Presentation List in 2nd International Workshop in Bandung Indonesia(March 2-5
2009} [

» The Znd Domestic Workshop at MRI(September 9-10. 2008}

+ Presentations in 1st International Workshop in Kyoto (March 3-5_2008

+ Joint colloguium at MRI(2007.2 19}

JMANHM

» JMANHM Information

Reqistered Users List

NHM Experiment of Tropical region on LINUX (ID and password are required)
WCPL Experimental Weather Forecast(Institut Teknologi Bandung)

=y

Jepanese ver.

Link

» |nternational Research for Prevention and Mitigation of Meteorological Disasters in Hl
Southeast Asia (by Kyoto University)

» News [efter

» |TB - Institut Teknologi Bandung

» Department of Geophysics. Kyoto University

Fig. G-5-2. Information page.
(http://www.mri-jma.go.jp/Project/Kashinhi_seasia/Eng/en MRI kashinhi.htm)
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I. Appendix
I-1. Newsletters

I-2. Introduction to a web-based decision support tool for ensemble numerical
weather prediction with Gfdnavi
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Motivations

Risk of high-impact weather in Southeast Asia is potentially increasing
because of the economical development and urbanization. Global warming
and climate change might become another factor for the increase of the
risk. It would be a good timing for us to start an international research
project for prevention and mitigation of meteorological disasters in
Southeast Asia, because the research environment is rapidly changing by
the growth of computer powers and the improvement of internet
infrastructures. Regional meso-scale models can be run with personal
computers for downscale numerical weather predictions (NWPs). Data
transfer via internet is getting fast enough to perform near-real time NWPs.
Utilization of probability information obtained by ensemble NWPs is a
challenge for the development of decision support tools. Assessments of
the impact of new observational data on the improvement of NWPs with
advanced data assimilation schemes are also important subject in these
days.

Thus, we have just started “International Research for Prevention and
Mitigation of Meteorological Disasters in Southeast Asia” under the
Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Special Coordination Funds for Promoting Science and Technology,
supported for FY 2007-2009 under Asia S & T Strategic Cooperation

Program.

Research Groups

Three main affiliations of this international research project are Kyoto
University, Meteorological Research Institute (MRI) of Japan
Meteorological Agency (JMA), and Institut Technologi Bandung (ITB)

in Indonesia. Shigeo Yoden, Professor of Meteorology in Kyoto

WALTL | gerimemtal Womtms vt

his FC clustor .- i

WEB page of Climate Prediction Laboratory
MWACPL) mip/asveather gecph ith ac kil

Figure 2. Recent attempt by Dr. Tri W. Hadi

University, is the leader of this project, and Kazuo Saito, Head of the 2nd
Research Laboratory, Forecast Research Department of MRI, and Emmy
Suparka, Professor and Vice President of ITB are group leaders in these
two institutes. As shown in Fig. 1, fundamental research and system
development will be done at Kyoto University, while operational model
development will be done at MRI/JMA. Real-time experiment will be
done at ITB and other institutes outside Japan.

Figure 2 shows an example of our recent preliminary attempts. Tri
W. Hadi, Lecturer of ITB, constructed his own PC cluster by himself to
perform downscale NWPs. Experimental weather forecast is on the web
page of Weather and Climate Prediction Laboratory (WCPL) at
http://weather.geoph.itb.ac.id/

Our purpose is to establish “International Scientist-Network for
Prevention and Mitigation of Meteorological Disasters in Southeast

Asia” through research and development of downscaling NWP systems.

(1) Fundamental Research and System Development
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Figure 1. Research Groups
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Major Research Subjects

(a) Experimental downscale numerical weather predictions (NWPs) in the tropics with regional
meso-scale models

Interactions between Space and time scales
of tropical comvection: Linking THORPEX and WCRP
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(Slinga, 2008)
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(b) Assessments of the impact of new observational data on the improvement of NWPs with
advanced data assimilation schemes

Kyoto Univ. EAR at Koto Tabang, West Sumatra, Indonesia

Advanced
Data Assimilation
with
4D-VAR or EnKF

techaigues ‘or Tand
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(c) Development of a unified data base and decision support system for prevention and mitigation of
meteorological disasters

WIMO{2008) THORPEX: A World Weather Research Program
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Topics

The First International Workshop on Prevention and Mitigation of Meteorological Disasters in
Southeast Asia

The first international workshop of this research project will be convened by Shigeo Yoden (Kyoto University) and Kazuo Saito
(Meteorological Research Institute, Japan Meteorological Agency) in March 3-5, 2008, at the Palace Side Hotel in Kyoto, Japan. Details on
this workshop will be announced in the following web page: http://www-mete kugi.kyoto-u.ac.jp/project/MEXT/

JSPS-LIPI workshop "Japan Indonesia Reserch
Collaboration on Natural Disasters"

This workshop was held on June 20, 2007 in Jakarta, Indonesia,
under the auspices of JSPS (Japan Society for the Promotion of
Science) and LIPI (Indonesian Institute of Sciences) to build strong
networks of international cooperation to prevent natural disasters
between Japan and Indonesia. Shigeo Yoden (Kyoto University)
presented an overview paper on this new project.

The final report of the workshop can be found at the following web
page: http://www.jsps.go.jp/english/e-astrategy/02_report070620.html

A session "Numerical Weather Prediction and Data Assimilation in Southeast Asia" (AS06)
convened at the 5th Annual Meeting of Asia Oceania Geosciences Society

This session is convened by Tieh-Yong Koh (Nanyang Technological University), Shigeo Yoden (Kyoto University), and Tri Wahyu Hadi
(Institut Teknologi Bandung) in the 5th AOGS Annual Meeting held in Busan, Korea, 16-20 June, 2008. Details can be seen in the following
web page: http://www.asiaoceania.org/aogs2008/mars/pubSession View.asp?sID=51

Session Description: Despite advances in numerical weather prediction (NWP) and data assimilation techniques for the recent decades,
little discussion (and perhaps progress) has been made on these fronts in Southeast Asia. In this session, we want to share our experiences in
actually trying to simulate realistically the region's synoptic and mesoscale weather over 1-2 day time scale. Downscaling of weather
information in longer time scales in combination with global long-range forecasts is also an important subject of this session. Through the
discussions we want to initiate a platform for scientists interested in mesoscale NWP and data assimilation in Southeast Asia to interact. We
also welcome more theoretical work like data assimilation techniques for using data from advanced observational platforms like satellite and
radar.

Abstract Submission Deadline: 24 January, 2008.

International Research for Prevention and Mitigation of Meteorological Disasters
in Southeast Asia
Newsletter No.1 December 26, 2007

MEXT Special Coordination Funds for Promoting Science and Technology for FY 2007 - 2009
in Asia S&T Strategic Cooperation Program

Shigeo Yoden

Department of Geophysics, Kyoto University, Kyoto 606-8502, Japan
Tel: +81-75-753-3932

Fax: +81-75-753-3715

E-mail: yoden@kugi.kyoto-u.ac.jp

Web: http://www-mete.kugi.kyoto-u.ac.jp/project/ MEXT/
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MRI Scientists visit NTU and ITB

Two scientists, Kazuo Saito and Syugo Hayashi of the Meteorological
Research Institute (MRI), visited the Nanyang Technological University
(NTU) of Singapore and the Institut of Teknologi Bandung (ITB) of
Indonesia in February 2008. Their visit was done to discuss the
collaboration on the International Research for Prevention and
Mitigation of Meteorological Disasters in Southeast Asia and to confirm
the portability of the JMA nonhydrostatic model (NHM) on computers at
oversea research institutes.

On Monday 11 and Tuesday 12, Saito and Hayashi visited the
Division of Applied Physics at the School of Physical and Mathematical
Sciences of NTU, and met Assistant Professor Tieh-Yong Koh and Dr.
Rosbintarti Kartika Lestari, who has been studying the regional
atmospheric modeling under the guidance of Prof. Koh. At NTU, a
cluster machine consists of IBM e-servers with AMD Opteron252
2.6GHz 16CPU and AMD Opteron Dual Core 275 2.2GHz 48CPU has
been used for numerical weather prediction experiments with the
COAMPS model. A test of NHM using JRA2S5 reanalysis data of IMA
and visualization by ‘Webpandah’ (a visualization tool for NHM data
developed at JMA) were conducted. Figure 1 shows the example of a
simulation by NHM with a horizontal resolution of 30 km where JRA25
data at 00 UTC 7 January 1982 is used for the initial condition.

The duo also visited the satellite office of KAGI21 (Kyoto University
Active Geosphere investigations for the 21st century COE Program) and
the Faculty of Earth Sciences of ITB on Thursday 14 and Friday 15
February to meet Assistant Professor Tri Wahyu Hadi and his students, [
Dewa Gede Junnaedhi and Nurjanna Joko Trilaksono (Fig. 2). At ITB, a

Figure 2. Photograph taken at the satellite office of KAGI21 of
ITB. From left to right, Nurjanna Joko Trilaksono, Syugo Hayasi,
Tri Wahyu Hadi, Kazuo Saito, I Dewa Gede Junnaedhi, and Ida
Yayuk Purnamasari (Sectretary of the KAGI21 satellite office).

WDEET_ARRI/0L/3T 00 S5 TE= 663 Bl e
| T
| - -
| 1= "E ix N " Bl
: | ]
l\": A iy
4
1 - T +
.
i 1
L s / {
; diraai
ok T -—
o e e o T
o S alisie =

"Lt
I s
ME e R g B il WRLID= HN IR

0.4 1 (7]

Figure 1. Surface wind and 6 hour accumulated
precipitation by NHM with a horizontal resolution of
30 km. JRA2S data at 0OUTC 7 January 1982 was
used as the initial condition. 5 CPU of the NTU’ s

cluster machine was employed.

cluster machine consists of 8 nodes 4 CPU Intel Quad-Core 660 2.4
GHz has been employed for near real time NWP experiments with MM5
and WRF models. A test of NHM using JMA’ s high resolution GSM
data distribute from the Japan Meteorological Business Support Center
(JMBSC) was successively performed. Figure 3 shows the example of a
simulation by NHM where high resolution GSM data at 00 UTC 14
February 2008 is used for the initial condition.

(Kazuo Saito, MRI/IMA)

Figure 3. Surface pressure and 3 hour accumulated precipitation
at 12 UTC 14 February 2008 by NHM with a horizontal
resolution of 30 km. High resolution GSM data at 00UTC 14

February 2008 is used as the initial condition.
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Report on the 1st International Workshop

The first international workshop of this research project on
“Prevention and Mitigation of Meteorological Disasters in Southeast
Asia” was held on March 3-5, 2008, at the Palace Side Hotel in Kyoto,
Japan. In total fifty eight researchers participated from twelve countries
and regions in East Asia, Southeast Asia and South Asia.

The workshop was opened by the address and introduction about the
MEXT program by Dr. Hirokazu Kobayashi, Program Officer of JST
(Japan Science and Technology Agency). After the keynote address about
this project by the project leader, Shigeo Yoden (Kyoto University), there
were seven sessions with a total of forty two invited talks: Suparka,
Hadi, Saito, Hara, Islam, Xin, Ratag, Thalongsengchanh, and Gouda had
presentations in the Session I “High-resolution numerical weather
predictions”; S.Hayashi and Nishizawa in the Session II “Tutorials and
demonstrations”; Bounlom, Saravuth, Tangang, T. Hayashi, Seko,
Lestari, Tsuboki, Iwasaki and Ueno in the Session III “High-impact
weather and its simulation/prediction”; Tsuda, Shoji, Begkhuntod, H.
Ishikawa, Kunii, Duc, Enomoto, and Prasad in the Session IV “Satellite
observations, their applications and data assimilation”; Koh, Kang, Lai,
Mukougawa, Jampanya, Sanga, Promasakha and Horinouchi in the
Session V “Model output statistics, predictability, and decision
supports”; Satomura, Trilaksono, Otsuka, Y. Ishikawa and Takemi in the
Session VI “High-resolution model as a fundamental research tool”; and
all participants had open discussions in the Session VII “Future research

and collaborations”. Further details can be found in our Web page,

http://www-mete.kugi.kyoto-u.ac.jp/project/ MEXT/

There were presentations about new research results on numerical
weather predictions, new observational data, and decision support
tools/systems, and we also had enthusiastic discussions. We do hope this
workshop will help us for making future international research
collaborations among Asian scientists. We are going to have the second
international workshop at ITB in Bandung, Indonesia in March 2009,
and the third one at Ritsumeikan Asia Pacific University in Beppu, Japan
in March 2010.

(Seiya Nishizawa, Kyoto Univ.)
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Topics

The International Symposium for Applications of “Kizuna” of Wideband InterNetworking engineering test
and Demonstration Satellite (WINDS) and successful launch of “Kizuna” on February 23, 2008

The International Symposium for Applications of “Kizuna” of
Wideband InterNetworking engineering test and Demonstration Satellite
(WINDS) was held on December 4 (Tuesday), 2007 at Meiji Kinenkan in
Tokyo. There were 6 Addresses, including “ICT based e-health and
disaster mitigation management system” by Professor Utoro
Sastrokusumo (School of Electrical Engineering and Informatics, Institut
Technologi Banding (ITB), Indonesia), and 5 Speeches. Shigeo Yoden
(Kyoto University) participated in the Panel discussion “WINDS
Application Experiments Now Needed in the Asia Pacific Region” as
one of 6 panelists, and presented our international research activity, “An
experimental down-scale numerical weather predictions in Southeast
Asia with the aid of WINDS”.

The “Kizuna” is a communications satellite that enables super
high-speed data communications of up to 1.2 Gbps to develop a society
without any information availability disparity, in which everybody can
equally enjoy high-speed communications wherever they live
(http://www.jaxa.jp/countdown/f14/index_e.html). The “Kizuna” was
launched at 5:55 p.m. on February 23, 2008 (JST) successfully with
H-TIA F14 from the Tanegashima Space Center. The multi-beam
antennas had been successfully deployed at 8:35 p.m. on March 1 (JST)
and the critical operation phase was completed. The “Kizuna” will
further drift into the geostationary orbit at about 143 degrees east
longitude in March. The initial functional verification of the onboard
equipment will be done for about four months.

Our proposal for test use of the “Kizuna” has been accepted to

Photo No. : P-017-06848 in the KIZUNA Photo Gallery at the JAXA
Web page, http://www.jaxa.jp/index_e.html

transfer ensemble forecast data and adaptive observation data for
downscale numerical weather predictions. We hope we can also use the
“Kizuna” for teleconference between Kyoto University and ITB in the
second International Workshop on Prevention and Mitigation of
Meteorological Disasters in Southeast Asia, which will be held in

March, 2009 in Bandung, Indonesia.

International Research for Prevention and Mitigation of Meteorological Disasters
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Report on the AOGS 2008 Session AS06

“Numerical Weather Prediction and Data Assimilation in Southeast Asia” on June 16, 2008

In conjunction with the program of International Research for
Prevention and Mitigation of Meteorological Disasters in Southeast
Asia (see Newsletter No. 1, Dec. 2007), Shigeo Yoden (Kyoto
University), Tieh Yong Koh (Nanyang Technological University),
and Tri Wahyu Hadi (Institut Teknologi Bandung) has successfully
convened a session (AS06) entitled Numerical Weather Prediction
and Data Assimilation in Southeast Asia at the 5th Annual Meeting
of Asia-Oceania Geoscience Society (AOGS) that was held in
Busan, Korea during 16-20 June 2008 (Photo 1). This session was
aimed at setrengthening and widening the network of researchers
interested in weather and climate prediction in Southeast Asia.

As many as 13 presentations were registered to the A06 session
of the AOGS 2008 and only one was cancelled. The core members
of the International Research for Prevention and Mitigation of
Meteorological Disasters in Southeast Asia research team who
attended this session are : Shigeo Yoden and Shigenori Otsuka
(Kyoto University), Kazuo Saito and Shugo Hayashi (MRI), Tieh
Yong Koh (NTU), and Tri Wahyu Hadi (ITB). An invited talk by
Hongwen Kang of APEC Climate Center (APCC) highlighted some
new results in multi-model outputs statistical downscaling
prediction. In addition, there are contributed talks by Fredolin
Tangang (National University of Malaysia), Der Song Chen (Central
Weather Bureau of Taiwan), Kevin Kei Wai Cheung (Macquarie
University, Australia), Che-Kiat Teo (NTU), Bhuwan Chandra Bhatt
(NTU), and Ok-Yeong Kim (Pukyong National University, South

Korea).

Photo 1. Opening talk by Dr. Tieh Yong Koh.

The A06 session of the AOGS 2008 has highlighted one
fundamental problem in lieu of advanced NWP modeling i.e. the
predictability of weather system in the Southeast Asian region.
This confirms that the complexity of weather systems in Southeast
Asia, that comprises the Maritime Continent, is one of the most
challenging problem in atmospheric predictability due to dominant
role of the mesoscale convective system. The very same problem
that is also actually addressed by Professor Taroh Matsuno in his
Axford Lecture of AOGS 2008 “Modeling of Tropical Convection
by Use of an Ultra-High Resolution (3.5-7 km) Global Atmosphere
Model — New Age of Tropical Meteorology”. In such a situation,
the “International Research for Prevention and Mitigation of
Meteorological Disasters in Southeast Asia” is an excellent
program to provide a knowledge hub for young scientists in
Southeast Asian countries to access latest information on the ever
developing science and technologies of weather and climate
prediction.

As a side activity, the core members of the International
Research for Prevention and Mitigation of Meteorological
Disasters in Southeast Asia research team also visited the APEC
Climate Center (APCC) in Busan on 16 June 2008. We would like
to thank Dr. Hongwen Kang and Dr. Karumuri Ashok for their kind
arrangement of the visit. Beside us, it turned out that many other
scientists attending the 5th AOGS Annual Meeting were also
interested in the program, so that in total there were more than 20
participants visiting APCC in the afternoon of 16 June 2008. Inline
with the goals of our collaborative international research program,
APCC has an excellent ensemble climate forecast data center that
could help scientists in the APEC region (including those in
Southeast Asia) to conduct research in the application of climate
prediction. APCC has also been developing data management and
data processing tools to make climate prediction more amenable
for developing Asia-Pacific countries. Undoubtedly, closer
collaboration with APCC in the future is necessary for the success
of our program.

(Tri Wahyu Hadi, ITB)
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Topics

The WWRP Beijing Olympics 2008 Forecast Demonstration / Research and Development Project

The WWRP Beijing Olympics 2008 Forecast
Demonstration / Research and Development Project
(BOSFDP/RDP) is an international research project for a
short range weather forecast of the WMO World
Weather Research Programme (WWRP), which
succeeded the Sydney 2000FDP. The BOSFDP/RDP is
divided into two components; the FDP component for a
short range forecast up to 6 hours based on the
nowcasting (http://www.b08fdp.org), and the RDP
component for a short range forecast up to 36 hours
based on the mesoscale ensemble prediction (MEP)
system (http://www.b08rdp.org). Aims of the RDP
project are to improve understanding of the
high-resolution probabilistic prediction processes
through numerical experimentation and to share
experiences in the development of the real-time MEP
system. In the 2008 experiment, six participating
systems from Austria and France (ZAMG and
Météo-France), Canada (MSC), China (NMC and
CAMS), Japan (MRI/JMA) and United States (NCEP)
joined BOSRDP, and intercomparisons of MEP systems
were conducted for one month from 24 July to 24
August, including the period of the Olympic games.
Every participants ran their MEP forecasts in real-time
and sent the 36 forecasts to the CMA’s ftp server. The
products were displayed every day on the BOSRDP’s
website (Fig. 1) for reference of Beijing Meteorological
Bureau’s forecasters.

Collaborating with the Numerical Prediction Division
of JMA, MRI developed its MEP system with a
horizontal resolution of 15 km. It consists of 11
members: one control run and ten perturbed members.
Initial conditions of the control run were given by the
meso 4DVAR analysis which assimilated precipitation
data over China, while initial perturbations were
computed by the global targeted singular vector method.
Lateral boundary perturbation method was newly
implemented, and the latest version of NHM was
employed as the forecast model. ~MRI also supported
the Hong Kong Observatory (HKO) team by providing
boundary conditions to NHM used in the HKO’s
BOSFDP short range forecasting system SWIRLS.
Results and outcome of the intercomprisons will be
discussed at the 4th international BOSFDP/RDP
workshop held in 2009 at Beijing.

(Kazuo Saito, MRI)
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Figure 1. Example of the BOSRDP product. Probability of
precipitation greater than 1 mm in 3 hours from 03 UTC to 06 UTC
21 August 2008 predicted by MEP systems of 6 participants. Initial
time is 12 UTC 20 August (FT=18). Observation shows
accumulated 6 hour precipitation from 00 UTC to 06 UTC. After
CMA’s BOSRDP website (http://www.b08rdp.org).
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Topics
The Second Domestic Workshop

The second domestic workshop on the International Research for Prevention and Mitigation of Meteorological Disasters in Southeast Asia
was held in September 9-10, 2008, at the Meteorological Research Institute in Tsukuba, Japan. There were 28 participants and we had active
discussions. The program was as follows:

September 9 (Tue)
1310-1330 Opening
1330-1620 Session 1: Observation and Data

September 10 (Wed)
0910-1200 Session 2: Numerical weather prediction
Shigeo YODEN (DG, Kyoto University)

Taiichi HAYASHI (DPRI, Kyoto University)
Recent research trend of mesoscale phenomena in South Asia.

Takehiko SATOMURA (DG, Kyoto University)
Precipitation characteristics in northern Indochina.

Noriyuki NISHI (DG, Kyoto University)
Detection of precipitation using split-window measurements by
geostaionary satellite.

Hirohiko ISHIKAWA (DPRI, Kyoto University)
Myanmar Cyclone Nargis: Satellite images and numerical
experiments by WRE.

Masato SHIOTANI (RISH, Kyoto University)
Stationary circulation observed in the upper troposphere over
the western Indian Ocean.

Yoshinori SHOJI (MRI, JMA)
Global realtime analysis of GPS data and plan of assimilation
experiments.

Takeshi HORINOUCHI (RISH, Kyoto University)
Gfdnavi: present and future prospects.

Seiya NISHIZAWA (DG, Kyoto University)
Experimental development of a decision support system for
prevention and mitigation of meteorological disasters with
Gfdnavi.

1620-1700 Invited talks

Shuichi MORI (JAMSTEC/IORGC)
Present status of JEPP/HARIMAU radar-profiler network
observations in Indonesia.

Manabu YAMANAKA (JAMSTEC/IORGC)
Coastline length governing equatorial rainfall amount.

1700-1730 Discussions on data archive and cooperation

Ensemble forecasts with regional models.
Kohei ARANAMI (NPD, IMA)
Improvements of utility tools to carry out NHM and
introduction of DVD-NHM.
Syugo HAYASHI (MRI, IMA)
Intercomparisons of NHM and WRF forecasts over topical
and Japan areas.
Tohru KURODA (MRI, JMA)
Development of utility tools for NHM execution in tropics
and reproduce/forecast experiments of Nargis.
Kazuo SAITO (MRI, JMA)
Tidal wave simulation on ensemble forecast of Nargis.
Mitsuru UENO (MRI, JMA)
Some aspects of typhoon structure represented in the JMA
meso-analyses and synthetic data.
Masaru KUNII (MRI, IMA)
Regional data assimilation experiment in southeast Asia.
Hiromu SEKO (MRI, IMA)
Structure of the regional heavy rainfall occurred at Santacruz,
India on 26 July 2005.
1200-1230 Discussion on Bandung WS
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Report on the 2nd International Workshop

The second international workshop of this research project on
"Prevention and Mitigation of Meteorological Disasters in
Southeast Asia" was held on 2-5 March, 2009, at Jayakarta Hotel in
Bandung, Indonesia. In total 47 researchers participated from 12
countries and regions in East Asia, Southeast Asia, and South Asia.
This workshop was also partially suported by the Organization for
the Promotion of International Relations of Kyoto University.

The workshop was opened by the welcome address by Dr.
Emmy Suparka (Bandung Institute of Technology), followed by the
welcome address by Dr. Takashi Nishigaki, Program Officer of JST
(Japan Science and Technology Agency). After the keynote speech
by the program leader Dr. Shigeo Yoden (Kyoto University) and
the presentation by Dr. Mu Mu (Chinese Academy of Sciences),
seven sessions were held. In session I, Hadi, Hayashi, Islam, Xin,
and Wong gave talks on "Downscale Numerical Weather
Predictions (NWPs)". In section II, Seko, Takemi, Iwasaki, Y.
Ishikawa, Rajeevan, and Kuroda gave talks on "Tropical
disturbances and precipitation process". Session III and IV were the
joint sessions (see the next page). In session V, H. Ishikawa,
Promasakha, and Ratag gave talks on "Risk management and
community preparedness". After session V, Saito, Hayashi, and
Kuroda from MRI (Meteorological Research Institute)
demonstrated JMA (Japan Meteorological Agency)-MRI NHM
(Non-Hydrostatic Model) as a tutorial seminar. In session VI,
Mukougawa, Gouda, and Permana gave talks on "Extended range
NWPs". In session VII, Shoji and Junnaedhi gave talks on "Data
assimilation". During the workshop, 14 posters were presented by

Ito, Kawabata, Kim, Kunii, Nugroho, Otsuka, Saito, Seko, Seto,
Sofian, Surmaini, Putra, Listiaji, and Fithra.

In this workshop, various new results since the first
international workshop in 2008 were presented. We will have the
third international workshop at Ritsumeikan Asia Pacific
University, Beppu, Japan in March 2010.

(Shigenori Otsuka, Kyoto Univ.)
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Joint Sessions and Activities in Institut Teknologi Bandung

A joint banquet with the "Workshop on Ground-based
Atmosphere Observation Network in Equatorial Asia" was held on
March 2 at Jayakarta hotel, Bandung. Following a speech of
welcome by Dr. Lambok Marinangan Hutasoit, the dean of the
Faculty of Earth Sciences and Technology (ITB) at the beginning
of the banquet, Dr. Toshitaka Tsuda (Kyoto University) addressed
the importance of the collaborative relationship to prevent and
mitigate meteorological disasters in South Asia. All the participants
for both workshops enjoyed a delicious food and conversation.

The joint session "Observational network" and "New methods
in observation, data assimilation, and NWPs" were held in March
3-4. As many as 10 speakers had impressive presentations on the
observational network in South East Asia and the most recent
research progresses in observation, data assimilation, and NWPs.
Dr. Manabu D. Yamanaka (JAMSTEC) highlighted HARIMAU
project, which is a high-resolution observational network with the
meteorological radars and wind profilers for monitoring convective
activities. Dr. Tiech Yong Koh (Nanyang Technological University)
address a closer regional coordination in plans for developing
infrastructure in the light of new observational networks and
sophisticated numerical models. Dr. Toshitaka Tsuda (Kyoto Univ.)
introduced an application of GPS radio occultation data to the
temperature and humidity, and Dr. Seon Ki Park (Ewha Woman
Univ.) addressed data assimilation and parameter estimation to
improve forecast accuracy of disastrous weather system. Dr.
Chun-Chieh Wu (National Taiwan Univ.) introduced a targeted
observation for improving tropical cyclone predictability,

DOTSTAR and T-PARK. The participants made an active
discussion concerning the presentations across the research areas.

On May 5, many participants visited the Faculty of Earth
Sciences and Technology of ITB. The dean illustrated the basic
outlines of the faculty with a number of durians for hospitable
reception. The participants asked the questions such as foreign
exchange program and teaching system, and envisioned a future of
the university.

(Kosuke Ito, Kyoto Univ.)

The Second International Workshop on Prevention and
Mitigation of Meteorological Disasters in Southeast Asia

Bandung, Indonesia
March 2-5, 2009
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Topics
A workshop on "Ground-based atmospheric observation network in equatorial Asia”

For three years in FY2008-2010 we promote an international collaboration on “Elucidation of ground-based atmosphere
observation network in equatorial Asia”, which has been selected as one of the projects of the Asia Africa Science Platform
(AA-SP) program of JSPS.

Our project aims at establishing a concrete collaborative consortium among the Asian countries on atmosphere observations. In
particular, LAPAN (National Institute of Aeronautics and Space) and NARL (National Atmosphere Research Laboratory) are the
main counterpart which serve as the coordinating organization in Indonesia and India, respectively (http://www.rish.kyoto-u.ac.jp
/radar-group/aaplat/index.htm). Within this program, we carry out four types of collaborative research and capacity building
programs; (1) lecture courses, (2) on-job training, (3) exchange of scientists, and (4) workshop. We organized two series of
intensive lectures in August and November 2008 at LAPAN, and the on-job training at EAR in October 2008. We also invited a
few scientists from India and Indonesia to Japan for a collaborative research.

On 2-4 March 2009 we organized a workshop dedicated to ground-based and satellite observations of the equatorial
atmosphere and ionosphere in Bandung. The meeting was jointly coordinated with the second workshop on “Prevention and
Mitigation of Meteorological Disasters in Southeast Asia” of JST lead by Prof. Shigeo Yoden.

We first held a separate meeting at LAPAN for 1.5 days on 2-3 March, which was opened by a welcome address by Dr.
Bambang Teja, the deputy chairman of LAPAN, followed by three overview talks by representatives of RISH, LAPAN and
NARL. The oral sessions consist of nine invited papers and four contributed talks. In addition, 47 poster papers were presented,
where most of them were associated with active discussions. A total of more than 80 participants attended the workshop, including
eight from Japan, two from India and one from Vietnam.

From the afternoon of 3 March, we joined the 2nd JST workshop at Jayakarta hotel, which we found very useful in stimulating
interactions between observations and numerical modeling of the equatorial atmosphere. We hope our collaborative activities will
be more enhanced in the coming years.

(Toshitaka Tsuda, Kyoto Univ./RISH)
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MRI Scientist visited CMMCS in India

Syugo Hayashi of the Meteorological Research Institute visited
CSIR / CMMCS (Council of Scientific and Industrial Research /
Centre for Mathematical Modeling and Computer Simulation) of
India in March 2009. His visit was done to help the installation of
the JMA nonhydrostatic model (NHM) to the CMMCS's computer
system and to promote the mutual collaboration between MRI and
CMMCS.

From 23rd to 25th March, Hayashi visited CMMCS and met
Krushna Chandra Gouda, a research scientist of CMMCS (Photo. 1).
NHM was installed in the CMMCS's super computer SGI ALTIX
3700 BX2, which has 24 CPUs of Itanium2 processor at 1.6GHz
clock speed, 96GB physical memory. Intel Fortran and C compilers
and MPI libraries are available for parallel computing. To see
NHM's output with the NuSDaS format (JMA original data format),
a visualization software package “‘WEBPANDAH’ was installed in
the web-server SGI ORIGIN. As the disk storages of both machines
are shared, access from ORIGIN to the result of NHM by ALTIX is
easy.

For a test, a heavy rain case in south India on 22nd March 2008
was selected. The 24 hour simulation was conducted with the 20 km
horizontal resolution. The NCEP final analysis with 1 degree is used

for initial and boundary conditions. Figure 1 shows the 24 hour

Photo 1. Photograph taken at the hotel Basil Ikon
(Bangalore, India). Krushna Chandra Gouda (left) and
Syugo Hayashi (right).

NHM, 2008/03/21 00:00Z initial FT= 24:00
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Figure 1. Predicted 24 hour accumulated precipitation,
sea level pressure and surface wind at 24-hour forecast
by NHM with a horizontal resolution of 20 km. NCEP
final analysis at 00 UTC 21 March 2008 was used as

the initial condition.

accumulated precipitation, sea level pressure and surface wind at
00 UTC 22 March 2008 predicted by NHM. The observed intense
rain was well simulated, but some positional errors remained.

In the afternoon of 25th March, Hayashi made a presentation at
the CMMCS seminar. The introduction of NHM and the
performance of NHM in mid- and low- latitudes were shown. At
low latitudes, NHM performance is insufficient compared with
mid-latitudes. Therefore, tuning of the model for low-latitudes is
needed to improve the forecast accuracy. In addition, it has to be
confirmed that the model performance improves with finer
horizontal resolutions (e.g., 5 km). Cooperation of researchers in
is needed for further model's

various countries/regions

improvements.
(Syugo Hayashi, MR/ JMA)
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Visits to three institutions in Jakarta, Indonesia for further

international research collaborations

On August 14, 2009, Prof. Shigeo Yoden took an
early flight from Singapore and arrived around 08:30
local time at the Sukarno-Hatta International Airport,
Jakarta. I picked him with a chartered car and we started
a “one day tour” to three institutions in Jakarta,
Indonesia : (1) Japan International Cooperation Agency
(JICA) — Indonesia Office, (2) Southeast Asian Ministers
of Education Organization, Regional Open Learning
Center (SEAMOLEC), and (3) Meteorological,
Climatological, and Geophysical Agency (BMKG) Head
Quarter. The main purpose of our visit was to explore
new possibilities to promote collaboration between
Kyoto University, Bandung Institute of Technology
(ITB), and other institutions in Indonesia on the
development of weather prediction technology for
mitigating hydrometeorological disasters in Indonesia
and other tropical Asian Countries through a JST-JICA
program, Science and Technology Research Partnership
for Sustainable Development (SATREPS).

The most important institution that we visited this
time was the JICA Indonesia Office, which is located at
J1. Sudirman in Central Jakarta. Our purpose for visiting
JICA was to obtain detailed information on the
implementation of SATREPS in Indonesia. Mr. Kiichi
Tomiya, a senior representative of JICA, kindly accepted
our visit from 11:30 until 12:00 local time (Photo 1).
From this visit, we learned the possibility for Kyoto
University and ITB to submit a proposal to SATREPS.

The second institution we visited was SEAMOLEC,
which is located in Ciputat area, South Jakarta. It was
unfortunate that we could not see the Director, Dr. Gatot
Haripriyanto because of his health problem. Mr. Ith
Vuthy (Deputy Director of Program) and Ms. Dina
Mustafa (Research and Development Manager) cordially
met us and gave comprehensive explanations about the
center’s activities (Photo 2). We found out that, with
wide access to educational resources in Southeast Asian
countries, SEAMOLEC is one of potential counterpart to
enhance “weather and climate literacy” in the region.

The visit to BMKG office was planned just a few
days before Prof. Yoden’s arrival in Jakarta. In spite of
very limited time, we decided to visit BMKG because
our partnership with the national weather service will be
crucial for the envisioned proposal to SATREPS. Due to
the timing, it was difficult to see higher authorities at
BMKG but we met Dr. Dodo Gunawan (staff of
Research and Development Center) and Mr. Sasmito
(operational staff) (Photo 3). We found that they, who
represent the work force of the institution, were very
supportive to our ideas on the new collaboration
between Kyoto University, ITB, and BMKG.

Photo 3.

Our tour of the day was completed but we had to
catch up with Prof. Yoden’s flight through a terrible
traffic jam. 1 was relieved when I saw Prof. Yoden
finally came out of the check in counter several minutes
before it was closed, but I kept thinking about the big
work on the preparation of our new proposal during my
trip back to Bandung.

(Tri Wahyu HADI , Bandung Institute of
Technology)
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Lectures in KAGI21 International Summer School

Two lectures on “Decision support system for
prevention and mitigation of meteorological disasters” and
“DVD-NHM” were given during the 5th KAGI21
International Summer School in Ohmi-Maiko, Siga on
26-27 September 2009. There were 14 participants (7 from
Asian countries and 7 from Japan).

Shigenori Otsuka was the lecturer of the former. In the
lecture, the participants learned how to utilize ensemble
numerical weather forecasting data for disaster prevention
and mitigation, in which a decision support system built on
a web-based visualization tool and database server
"Gfdnavi" was used. The data for the exercise was an
output of an experimental ensemble numerical weather
forecasts on cyclone Nargis, which attacked Myanmar in
May 2008. The data was provided by Dr. Kuroda (MRI /
JMA) and his colleagues. The participants used laptop PCs
to run the decision support system and tried several
visualization methods to extract information from
ensemble numerical weather predictions.

Syugo Hayashi (MRI/JMA) was the lecturer of the
latter. In his lecture, the participants learned how to
perform numerical simulations using a nonhydrostatic
regional weather forecasting model JMA-NHM installed
on a bootable DVD-ROM (DVD-NHM). Using
DVD-NHM on the laptop PCs, the participants performed
numerical experiments on a low-pressure system over
Japan on 23rd April 2008, following instructions shown on
a web-browser. The horizontal resolutions were 20 km and

5 km with one-way nesting. The participants learned how
to analyze the result with a web-based visualization tool Photo 2.
"web-pandah".

(Shigenori Otsuka, Kyoto University)
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Summary of the Activities for Three Years

(1) Fundamental Research and System Development (Kyoto University)

In Kyoto University, a number of experimental downscaling
Numerical Weather Predictions (NWPs) were performed to
investigate meteorological disasters in Southeast Asia (a flood
event in Jakarta in February 2007, Myanmar cyclone Nargis, etc).
In those experiments, several regional atmospheric models
including JMA-NHM were used. New observational data were
utilized in those research activities for model validation. For
example, performance of downscaling NWPs over Indochina
region was investigated using surface station data in Laos for
validation. Numerical experiments with very high resolution (~ 100
m in horizontal) were also performed to investigate highly isolated
heavy rainfall events such as a flash flood event in Kobe city.

A prototype of a decision support system for prevention and
mitigation of meteorological disasters is developed, by which
ensemble NWP data can be analyzed and displayed. The system
was developed based on Gfdnavi, a web-based database server and
analysis tool. Using the output of an experimental ensemble NWP

on Myanmar cyclone Nargis which was provided by MRI as a test

dataset, how to analyze and display ensemble NWPs on tropical
cyclones is documented with an interactive documentation system.
(Shigenori Otsuka, Kyoto Univ.)
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Figure 1. Spaghetti diagram of surface pressure for the
experimental ensemble NWP on cyclone Nargis. The figure
was produced by the prototype of a decision support system.

(2) Operational Model Development (Meteorological Research Institute / Japan Meteorological Agency)

Among the research groups of the International Research for
Prevention and Mitigation of Meteorological Disasters in Southeast
Asia, the Meteorological Research Institute of the Japan
Meteorological Agency (MRI/JMA) was in charge of the part of
‘Operational model development’. This part was divided into the
following three subjects:

-- Development of NHM and verification of its performance in
the tropics.

-- Preparation of experimental tools and collaborations for
tropical NWP.

-- Data assimilation experiment in the tropics.

As for the first subject, Seko et al. (2008) conducted a numerical
simulation of the Mumbai heavy rainfall which occurred in July
2005 in India. Using the global analysis data of JMA for initial and
lateral boundary conditions, the intense rainfall system was
successfully reproduced. Hayashi et al. (2008) conducted statistical
verification of short term NWP over Southeast Asia and compared

two mesoscale models (NHM and WRF) using the same

conditions. Threat scores for precipitation from the two models
were comparable, while WRF tended to predict more rains than
NHM.

fig R 209

i

Figure 2. Group photo taken at the High Performance
Computing Center of VNU on 6 October 2009. From left, Dr.
L. Duc of NHMS, Prof. D. Uu and Prof. P. Anh of VNU, Dr.
Kuroda and Dr. Saito of MRI, Prof. K. Xin of VNU and Dr. Son
and Dr. N.H. Dien of HPCC.
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As for the second subject, experimental tools using the JMA’s
NWP data were prepared for oversea collaborators. Information on
tropical NWP is on the project website of MRI. (http://www.mri-
jma.go.jp/Project/Kashinhi_seasia/Eng/ en MRI kashinhi.htm). As
the link of the international partnership, MRI scientists visited
partner institutes and discussed collaborations (Table 1). The latest
visit was on 6-9 October for Vietnam [Vietnam National University
(VNU; Figure 2), National Hydro-Meteorological Service of
Vietnam (NHMS), and Department of Meteorology, Hydrology and
Climate Change of the Ministry of Natural Resources and
Environment].

On 2 May 2008, a cyclone ‘Nargis’ made landfall in Myanmar
and caused the worst natural disaster in the country. Numerical

simulations and mesoscale ensemble prediction (MEP) of Nargis

Table 1. Visits of MRI scientists to partner institutes.
(*Visit to HKO was supported by HKO.)

Partner Country/ Period Report in
Institute Region Newsletter
ITB Indonesia 2008.2.11-12

NTU Singapore 2008.2.14-15 |No.2
CSIR India 2009.3.23-25  No.5

VNU Vietnam 2009.10.6-9 No.6

HKO Hong Kong 2009.2.9-13*

and the associated storm surge (Kuroda et al., 2010; Saito et al.
2010) and data assimilation experiments (Kunii et al. 2010; Shoji et
al. 2010) were conducted. A prototype of the decision support
system was developed using the MEP result as the input data.
(Kazuo Saito, MRI)

(3) Real-Time Experiment (Institute Teknologi Bandung in Indonesia and partners in the other countries)

The “International Research on Prevention and Mitigation of
Meteorological Disaster in Southeast Asia (IRPMMDSEA)”, in a
sense, is some sort of a survey on implementation of high
resolution Numerical Weather Prediction (NWP) and its potential
to mitigate the meteorological disasters in Southeast Asia through a
series of workshops in Indonesia and Japan. At least, the need to
increase the accuracy of weather and climate prediction through
enhanced utilization of NWP in Southeast Asian countries has been
successfully raised as one consensus in these workshops. I
observed that more indigenous efforts to develop better NWP
systems in each of the countries have also been demonstrated in the
last workshop in Beppu, Japan.

During the 3-year implementation of IRPMMDSEA, we are
trying to focus on developing “NWP literacy” among key
meteorological communities in Indonesia. Academically,
introductory courses on NWP have been included in the new
curriculum (2008) of undergraduate program of meteorology at
ITB. NWP is also being socialized on the official web site of ITB
(http://www.itb.ac.id/). It has also been reported that NWP
experiments are now being set up and carried out at several
research and operational institutions in Indonesia.

IRPMMDSEA is approaching its end in March 2010 but efforts
to develop “NWP literacy” in Indonesia must not stop. Rather, it

requires more concrete and sustainable programs. Our new

s T Ry o B s g Bt T

Figure 3. A screen shot of ITB web site. Red circle indicate
the link to our experimental NWP results.

initiatives include submission of a new proposal that aims mainly
for a real implementation of operational NWP and establishment of
a local forum on NWP development in Indonesia. I hope the snow
ball of NWP in Southeast Asia will keep rolling and growing for
the advances of tropical meteorology and the betterment of
mankind in the region where meteorological disasters are a
common problem.

(Tri Wahyu Hadi, ITB)
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Topics
Report on the 3rd International Workshop

The third international workshop on “Prevention and Mitigation
of Meteorological Disasters in Southeast Asia” was held on March
1-3, 2010, and the open symposium on “Meteorological Disasters
and Adaptable Society in the Asia-Pacific Region” was held on
March 4, 2010, at Ritsumeikan Asia Pacific University (APU) in
Beppu, Japan. 61 researchers and graduate students from 13
countries participated in the workshop, and 63 people including the
citizens of Beppu participated in the open symposium.

At the workshop, 41 researchers made oral presentations and 15
researchers and graduate students presented their posters.

At the open symposium, Dr. Sanga-N. Kazadi (APU) took the
chair and gave opening and closing remarks. And Dr. Shigeo
Yoden (Kyoto University), Dr. Shunso Tsukada (APU), Dr. Tiech
Yong Koh (Nanyang Technological University) and Dr. Toshitaka
Tsuda (Kyoto University) gave talks related to meteorological

disasters and adaptable society. We also had valuable comments

from Dr. Takashi Nishigaki (Japan Science and Technology
Agency) and Mr. Masahiro Kobayashi (Kyushu International
Center, Japan International Cooperation Agency).

After the open symposium, the lunch buffet party was held at
Pacific Café, APU, and the participants had further discussion on

the theme of the symposium.
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Introduction to a web-based decision support tool for
ensemble numerical weather prediction with Gfdnavi

Shigenori Otsuka
Department of Geophysics, Kyoto University
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Introduction

e For mitigation of meteorological disasters, probabilistic information derived from en-
semble forecasts are valuable.

e Quick-look of output data from ensemble forecasts is needed to build a decision
support system.
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e We developed a prototype of a decision support system based on Gfdnavi, which is a
database server with an interactive data visualizer on web browser.

e In this tutorial seminar, we demonstrate this prototype decision support system using
output of an ensemble experiment on cyclone Nargis.

2 How to use Gfdnavi

Gfdnavi is distributed in the following page:

http://www.gfd-dennou.org/arch/davis/gfdnavi/index.en.htm

Basic flow of analysis

1. Open a terminal emulator (Application — Accessory — Terminal, or a shortcut icon
on your desktop)

2. type “cd gfdnavi-kashinhi” and enter key
$ cd gfdnavi-kashinhi

3. Boot a Gfdnavi server by typing “ruby script/server” and enter key
$ ruby script/server

4. Open a web browser

Open the top page by typing “http://localhost:3000” in the address bar
6. Click “Start from here”

ot
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9. Click file names to show details
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10. Click check-box if there is “Anal/Viz”

AL ERE ERGY BB FoIP-SQ T-MI) =i
- v il ) B [ s st 1000 fine =l a

ELCRa-Jv Poetteg Warted Elusiss st~

G GFDNAVI

Searih {Taplorer )  Searrh (ol vestan

Salad from direcicry boe:

S T |_' !Eluimlmlplgmngﬂ |ln.§
#3 grad0 Iast mocified description

o iCF l'ddldl bir]
[12-1id 3 title sizg
- ,-.; ] an: peia BT

Tengeratuie 67K JOB-07-07 17155
.J

= T.jsnzensl mean
2 UY.jaanc
£ yproe_operat ot
HIiTH i

T

or you can directly move to the analysis page by clicking “Anal/Viz
11. Click “Analyze/Visualize checked items” to move to the analysis page

4
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12. When a variable (i.e., “T”) is selected in the upper left panel, “Axes” window and
“Options” window are updated.
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13. Select dimensions, draw settings, etc
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14. Click “draw!” button to execute visualization methods
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15. Many types of figures are available (line plot, vector plot, overlay of multiple figures,
etc)
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16. Click figures to open drop-down menu
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17. When Analysis is selected in the lower left panel, mathematical operation can be
executed
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3 Test data: Cyclone Nargis (2008)

Sattelite image of Nargis FY2 image

http://ssrs.dpri.kyoto-u.ac.jp/ okusan/nargis/indexj.htm
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Best track of Nargis (from Joint Typhoon Warning Center)

http://metocph.nmci.navy.mil/jtwc/atcr/2008atcr/2008atcr . pdf
http://metocph.nmci.navy.mil/jtwc/best_tracks/2008/2008s-bio/bio012008.txt
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Available data Ensemble numerical weather forecasting experiments of cyclone Nargis
(Kuroda et al., 2009; Saito et al., 2009)

1. Simulation of cyclone Nargis with Japan Meteorological Agency (JMA) nonhydro-
static model (NHM)

e Period: 1200 UTC 30 Apr 2008 — 1200 UTC 03 May 2008 (3 days)
e location in the data tree of Gfdnavi: /Nargis/NHM/
e variables:

PSEAsrf.nc sea level pressure

Tsrf.nc surface temperature

Usrf.nc surface wind (U)

Vsrf.nc surface wind (V)

uv_abs.nc surface wind speed (vU? 4+ V?)
precip_hr.nc hourly precipitation
precipitation.nc accumulated precipitation

2. Simulation of storm surge with Princeton Ocean Model (POM) driven by the output
of the atmospheric model described above

e location in the data tree of Gfdnavi: /Nargis/POM/
e variables:

h.nc surface elevation
ps.nc surface pressure
u.nc surface wind (U)
v.nc surface wind (V)
uc.nc surface current (U)
ve.nc surface current (V)
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4 Basic visualization on Gfdnavi

Notation

e A(lon, lat, time, member)
A physical quantity “A” which is a function of lon, lat, time, and member.
o Apemper(lon, lat, time)
A physical quantity “A” which is a function of lon, lat, time for each member.
e [on = 10°E
Fix lon.
e lon = [10, ..., 20]
Specify the range of lon for visualization.
e (X) lon = [10, ..., 20]
Use lon as the x axis and specify the range for visualization.
e (Y) lon = [10, ..., 20]
Use lon as the y axis and specify the range for visualization.
e (Ens) lon = 10, ..., 20
Use lon for parameter sweep (especially ensemble members) and specify the range
for visualization.
e (Anim) lon = [10, ..., 20]
Use lon for animation and specify the range for visualization.
e [on = <10, ..., 20>
Specify the range of lon for mathematical operations.

4.1 2D tone and contour plot for a scalar field

Data /Nargis/NHM/PSEAsrf.nc (lon, lat, validtime, member)

e PSEAsrf(lon, lat)

— (X) lon = [73.45°E, ..., 106.54°E]

— (Y) lat = [L.37°S, ..., 30.22°N]

— walidtime = 2400 min (forecast time since 1200 UTC 30 Apr 2008)
— member = 0 (control run)

10
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[Variables
& PSEAsrf
clear variables

Axes =
IDImc nsionsl
lon [73.451) )} -
map
lat [q0.218| f——

validtime [2a00 | ———}—
member |0 | fj———

b

Options
Draw @] |Analysis ﬂ|

General Settings| Specific Sett
& @ Record visualization for statis
Figure type: | tone - |
the 1st Dim: | lon -

the 2nd Dim: | lat -

PSEAsrf
(degrees_narth)
walidtime=2401(
28 rmembar=0
24
20
3
3 16
e’ 1416
3 12
14d8
8 1aao0
4 992
484
a s 976
80 a0 100
{degrees_eaast)
longitude

CONTOUR INTERVAL = 4.000E+Q0

Cyclone Nargis is located at (94.5°E, 16.5°N).

e PSEAsrf(lon, t)

lat = 16.49°N
(Y) validtime = [0 min,
— member = 0

{rin)

4000

3000

2000

validtime

1000

(X) lon = [73.45°E, ..., 106.54°E]

<ry 4320 min]
PSEAsrf
lot=16.49249 d
member=0_0
1408
1000
442
a84
a74é
a0 100
{degrees_east)
longitude

CONTOUR INTERVAL = 4.000E+400

Here, eastward movement of the low pressure system (Nargis) is clear.

Excercise

e Try other quantities.

11
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4.2 1D line plot for a scalar field

e PSEAsrf(validtime)

— lon = 94.5°E
— lat = 16.5°N

— (X) wvalidtime = [0 min, ..., 4320 min]

— member = 0 (control run)

varniauimes
& PSEAsrf
clear variables

PSEAsrf

1004 |-

lon 04.477 r—
J—' 1004 _—
validtime |0 Ji_kl 946 -

member |0 I

lat 16.498

292 -

PSEAsrf

Options X 988 __
Draw @| Analysis @ a4 |-
draw! i

984 |-

General Settings| Specific Sety

976 =

nensions .

T 7| lon=24.4777 ¢
1lat=16.4939 d

member=0

=

& 0 Record visualization for statis a
Figure type:  line w
the 1st Dim:  validtime ~

Excercise

P
1000

e Take lon or lat as the x axis (= the 1st Dim).

— PSEAsrf(lon)
— PSEAsrf(lat)

e Try other quantities.

4.3 2D arrows for a vector field

PR - PTE B
2000 Jaoo

validtime

Data /Nargis/NHM/Usrf.nc (lon, lat, validtime, member)
/Nargis/NHM /Vsrf.nc (lon, lat, validtime, member)

e (Usrf(lon, lat), Vsrf(lon, lat))

— (X) lon = [73.45°E, ..., 106.54°E]
— (Y) lat = [1.37°S, ..., 30.22°N]

— validtime = 2400 min

— member = 0

Parameters for visualization:

— interval of grids in x = 10
— interval of grids in y = 10

12
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{Usrf, Vsrf)

T
s s amaahady

dadaaadaidais.

& Usrf & Varf
clear variables -
E (degrees_marth)
nensiunsl —T
lan 73.451| [} 1l 24
lat -1.373 ) | 24
validtime |2400 ] 20
member |0 ) u
'g 16
i L :a;l
—_— =
jOptions [l a 12
Draw @) Analysis @
8
4
General Settings| Specific Sety - -
& @ Record visualization for statis NI ETEEE
Figure type: | vector - a0
the 15t Dim: | lon w
the 2nd Dim: | Lat -

g0

100

T validtime=243{

rmembar=0

{degrees_east)

longitude

Pile up If you check “keep diagrams”, old diagrams will stay in the window.

Fie up
¥ Keep diagrams

Praiectinn Twne:

If you drag and drop a diagram onto another diagram, the former will be superimposed

on the latter.

LaiFLENAYS

Dt ety

13
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PSEAsrf

(degreaa_narth)
validtime=240¢

28 1ol T s mermber=0
24 L D e S b
20

3

g 16 /

£ 12 22222202 f2iianas 1018

- PO 1008
8 1000
4 392

a8+

a a76

80 a0 100
{degrees_east)

longitude

CONTOUR INTERVAL = 4.000E+400

The surface pressure with the surface wind vectors.

Excercise

e Try other combinations. (Example: temperature + surface winds)

5 Basic statistical diagrams

5.1 Histogram for one quantity

Data /Nargis/NHM /UsrfVsrf.ne (lon, lat, validtime, member)

o UsrfVsrf(lon, lat)

lon = [73.45°E, ..., 106.54°E]
— lat = [1.37°S, ..., 30.22°N]

— validtime = 2400 min

— member = 0

14
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histogram
Sh)

[ T T T
3200

2800 I
2400 I
20040 I
1604 I

1204

number in bins

800

400

16 20 24 28 32
Figure type: | histogram1D (1.0)
Usrf_Vsrf_abs

|| oW IVOCLULUI Jd ViSuaniLZaviunnr oy

Data /Nargis/NHM/PSEAsrf.nc (lon, lat, validtime, member)
e PSEAsrf(lon, lat)

— lon = 94.5°E
— lat = 16.5°N
— validtime = 2400 min
— member = [0, ..., 20]
histogram
{1)
12 .
10 -

number in bins
oh
1

T

. PP RN PP P P I TR A T
980 985 990 985 1000
PSEAsrf

When lon, lat, t is fixed, the histogram shows diversity of the ensemble members.

5.2 Scatter diagram for two quantities with the same shape

Data /Nargis/NHM/PSEAsrf.nc (lon, lat, validtime, member)
/Nargis/NHM /uv_abs.nc (lon, lat, validtime, member)

15
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e PSEAsrf(lon, lat) vs uv_abs(lon, lat)

— lon = [73.45°E, ..., 106.54°E]
— lat = [1.37°S, ..., 30.22°N]

— validtime = 2400 min

— member =0

Parameters for visualization:

— marker type = 1

(1.0)

validtime=240¢
1 member=0

B 8

_nbs
> B K
| 1 ! T T

Usrf_Varf
o
—

oo
T

-
T

P | P - i -
Figure type: | scatter v 980 9490 1000 1010
PSEAsrf

The maximum wind speed is observed at 990 hPa (around the eyewall), whereas the
wind speed is very low at the minimum pressure (center of the eye).

You can change the marker type, the color of the markers.
Causion Do not feed too big data. Limit data size using sliders in “dimensions” tab.

Exercise

e Change the variable range along lon, lat, time, and member to focus on the near-field
of cyclone Nargis. What can you explain with this diagram?

6 Decision support tools for ensemble numerical weather
prediction: I. Basic diagrams

6.1 1D line plot
Data /Nargis/NHM/POM /h.nc (lon, lat, t, member)

b hmember(t) (“plume diagram”)
— lon = 95.07°E

16
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— lat = 16.10°N
— (X)t=1[0h, .., 71h]
— (Ens) member = 0, ..., 20

] x=95.0667 de«
{¥=16.1 degree

surfoce elevation (m)

& ¥ Kecord visualization T

Figure type: | ensemble 1D v
the 1st Dim: |t v
the 2nd Dim: | member v

4/30 5/01 5/a2 543

Time series of surface elevation at Irrawaddy point (95.07°E, 16.10°N) for 21 mem-
bers. Some members show storm surge of more than 3 m in height.
You can highlight specific members.

|||||||||||||||_ x=95‘066? de‘
{¥=16.1 degree

L
L B

£
S ,L Y (i i
a | g:-q‘#'l‘lf“-.f 1'. ]
m- . E 3 A \'1-_1_';_-,‘.,.‘{1 )
General Settings |Specific Setting Q [ / ; ﬂ" "'I &
alyle 8 1 __ /, I \
Lime index {cokor(1- - 99) = 10+wdthi1--9)) a |
= t |
o Highlght specific members a B
Members to highbght (index) [1 qa [
Line index for highlight
[eobor]1--99)« 10swadth{1 - -5} [#1

0 12 0 12 a
4/30 5/01 5/a2 543

The highest storm surge is obtained by the member 1. You can go back to the 2D
diagrams to further investigate the details of the member 1.

Excercise

— Check 2D diagrams of other quantities for member = 1.

— Change highlighted members. Which member predicted the lowest storm surge?
What is the difference between the highest and the lowest members?

— Change the location to Yangon point (96.27°E, 16.57°N).

— Try other quantities (Wind speed, hourly precipitation, accumulated precipita-
tion, ...).

L4 hmember (lon) Xt
17
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— (X) lon = [84°E, ..., 99°E]
— lat = 15.7°N

— (Anim) ¢ = [0 h, ..., 71 ]
— (Ens) member = 0, ..., 20

Parameters for visualization:

Animation = true
— viewport = 0.1, 0.6, 0.2, 0.8

— max = 2.5
min = —1
24 F T T T T T T TJy=15.7 degrees_nocrth
2008-05-02 04:00:004+ 0000
2.0 -

—0.8

L L L |

84 86 B8 90 92 94 96 498

(degrees_east)
longitude

6.2 2D contour plot

Data /Nargis/NHM/PSEAsrf.nc (lon, lat, validtime, member)

o PSEAsrf, cimper(lon, lat) (“spaghetti diagram”)
— (X) lon = [73.45°E, ..., 106.54°E]
— (Y) lat = [1.37°S, ..., 30.22°N]
— validtime = 2400 min
— (Ens) member = 0, ..., 20
parameters for visualization:
— contour level = 990 hPa

18
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PSEAsrf

(degraes_marth)

0F T T T T H
19 | .
18 | .
q_] L p
g [ ]
2 17F 3
= - ]
a [ ]
16 -
Figure type: | ensemble_2D v 18| .
the 1st Dim: | lon w C 1
14. —_ o
the 2nd Dim: | 1at v 93 94 95 96 97 98
. {degrees_east)
the 3rd Dim: | member |~ longitude

walidtime =240
1 member=0

Depending on the difference of the center of Nargis, the circles widely spread. The

denser the lines are, the higher the probability is.
PSEAsrf

(degreea_mnarth)

T T L L B L B Ry =

19 | .

18 | .

qJ L p

g r ]

draw! 2 17F ]

"a' [ ]

General Settings |Specific Setting - [ ]

styhe | ssaghen 16 | ]

contour level 590 [ ]

L.-nl: ndex (cakor - -99)« 10+wdth{1 - -9)) 5L __
& Highlight specific members [

t'h.-m[;l,;;, l;;';- hl:|'||'\=:'l'.hil'll.ll_'x:l 1] 14 T Y T T T

ine index for haghlight
[color] 1= =93]« 10wwidth(1==8)): |21 83 94 95 96 97 98

{degrees_east)

longitude

The control run (member = 0) is highlighted.

Excercise

— What is the best number for the contour line?

Data /Nargis/NHM /uv_abs.nc (lon, lat, validtime, member)

o uv_abs,uidime(lon, lat)
— (X) lon = [90°E, ..., 100°E]
— (Y) lat = [14°N, ..., 20°N]
19
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— (Ens) validtime = 0 min, ..., 4320 min
— member = 0

parameters for visualization:

— Projection type = equidistant cylindrical projection
— contour level = 25 m/s
— line index = 21

You can use validtime in place of member. The region swept by the contours expe-
riences strong winds of more than 25 m/s.

Usrf_Vsrf_abs

member=_

Excercise

— Change the contour level.
— Draw other ensemble members.

7 Decision support tools for ensemble numerical weather
prediction: II. Advanced diagrams with mathemat-
ical operations

7.1 1D line plot
Data /Nargis/NHM/PSEAsrf.nc (lon, lat, validtime, member)

e Function = “min”
1. Compute minimum values of sea level pressure PSEAsrf(lon, lat, validtime,
member) within a rectangular region around Nargis.
— lon = <86°E, ..., 98°E>
— lat = <12°N, ..., 22°N>
— walidtime = [0 min, ..., 4320 min)]
— member = [0, ..., 20]

20
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Wariables

& PSEAs
ehear varables
F-a
fsions
20 —[F——— a7

hdtime [0 | J—————1) 4320
Frmber |0 J sl

Dptions

Draw @ |Analysis ﬂ"
analyze!

Fumction | min |~ | add funclion
kani
lae
valedime
the dimensions for min | membes

To select both lon and lat, press CTL key while clicking them. Click “analyze!”.
Then the result is shown in the “variables” window.
2. Draw a 1D line plot (ensemble_1D) of PSEAsrf_min,,emper (validtime).
— (X) wvalidtime = [0 min, ..., 4320 min]
— (Ens) member = 0, ..., 20
parameters for visualization:
— highlihght specific members = true
— members to highlihght = 0

1000 4
896
£ 892
E =
I 988
‘T I
§ 084
m L
O gaq
976
[Variables : g72
@ PSEAsri [ PSEAs min L L L
clear variables 0 1000 2000 3000 4’000
{min)
— ' | validtime

Data /Nargis/NHM /precip_hr.nc (lon, lat, validtime, member)

e Function = “mean”
1. Compute area-average of precipitation rate precip_hr(lon, lat, validtime, member):
— lon = <94°E, ..., 96°E>

21
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— lat = <16°N, ..., 18°N>
— walidtime = [0 min, ..., 4320 min)]
— member = [0, ..., 20]

2. Draw a line plot (ensemble_1D) for precip_hr_mean,,emper (validtime)

— (X) validtime = [0 min, ..., 4320 min]
— (Ens) member = 0, ..., 20

{1
14

12

14

precipitation per hr

Q 1000 2000 Jaoo 4000
{min)

validtime

Draw methods with internal mathematical operations

Data /Nargis/NHM/POM /h.nc (lon, lat, t, member)
Change the style of the plume diagram shown in 6.1 to other options.

l draw! I

General Settings |Specific Setting
style  bnes l.-\;

-89} 10+width(1--9))

Hipercentde ¥ members

e Style = “bar”
22
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The vertical bars show the standard deviation and the thick line shows the ensemble

mean.
e Style = “box”
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The vertical bars show the maximun and the minimum, and the boxes show the
standard deviation.
e Style = “percentile”

T x=85.0667 de:
{¥=16.1 degree

surface elevation (m)

0 12 0 12 Q
4/30 5/01 542 5/03
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The contours show probability density.

7.2 2D tone and contour plot

Data /Nargis/NHM/PSEAsrf.nc (lon, lat, validtime, member)

e Function = “mean”, “stddev”

1. Compute ensemble mean and standard deviation of PSEAsrf(lon, lat, member):

— lon = [92°E, ..., 98°E]
— lat = [14°N, ..., 20°N]
— validtime = 2400 min
— member = < 0,...,20 >

Top Finder Explorer Analysis Knowl

Variables

Variables [ & PSEAsrt O PSEAsrf_moan
& PSEAsHT clear variables
clear variakles
[
|_| B ;|
5
52,044 | G7.582
52,044 a7.5482
3 = : 0011 el 15565 ]
011 15565
3 3 he | 2400 } 2400 |
he | 2400 2400
3 : o [} 20 1
o [} 20 1 : -

Dptions

Optlons =] Draw @ |Analysis @
Draw @ |Analysis @
_analyze!

_analyze!

Function | stedev|~ add function

Function  mean ~ add function the dimensions for stddev
lon Ion |
kait lak
sl & e wail it - |

the dimensions for mean | member [member | |

2. Draw a contour diagram of PSEAsrf_mean(lon, lat).

— (X) lon = [92°E, ..., 98°E]
— (Y) lat = [14°N, ..., 20°N]

24
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Top Finder Explorer Analysis Knowl

WVariables L
PaEAsrT & PSEAsri_mean
PSEAsrf_stddev

=]
g

mag
lat [20.011] [} i

Dptions =
Draw @| [Analysis @
(General Settings [Specific Set

Draw tone o Draw contour
minimum tone level ||
maximem tone level [ |
num of tone levels |:
Logarithmic levels
comma-separated tone levels:

L

tane intorval:
& Color bar
Exchange x and y

|

3. Check “keep diagrams” and draw a tone diagram of PSEAsrf stddev(lon, lat).
— (X) lon = [92°F, ..., 98°E]
— (Y) lat = [14°N, ..., 20°N]

LI Pie up
W Keep diagrams

Prniectinn Tune:

i arlables
FSEAsrt PSEAsrf_mean
& PSEAwrl_stddes

Dimersions,
on (12—
gt Do f——A

L=

General Settings

= Draw borse [ Drawr gonbosr
i Lol

i T Lo e

num of tone levels

Logas thin i lewels
e - g a T Gone kevely

tone interval:
W Caler Bar
Fachange 3 and y

4. Pile up these two by drag and drop the left panel onto the right panel.
25
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5. The final product is shown below:
PSEAsrf_stddev

(degreea_narth)

20
19
18
a
g
2 17 8
prmry
a
- 6.4
16
48
15 32
1.8
14 0.544

93 94 a5 a6 a7
CONTOUR INTERVAL = 1.208f~=88 east)

longitude

Data /Nargis/NHM/uv_abs.nc (lon, lat, validtime, member)

e Function = “max”

1. Compute the maximum along the time of Usrf_Vsrf_abs(lon, lat, validtime,
member)
— lon = [90°E, ..., 100°E]
— lat = [14°N, ..., 20°N]
— t = <0 min, ..., 4320 min>
— member = [0, ..., 20]
2. Draw a 2D spaghetti diagram (ensemble_2D) of Usrf_Vsrf_abs_ max,emper(lon,
lat)
— (X) lon = [90°E, ..., 100°E]
— (Y) lat = [14°N, ..., 20°N]
— (Ens) member = 0, ..., 20
parameters for visualization:
— Projection type = equidistant cylindrical projection
— line index = 21

26
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Usrf_Vsrf_abs_max

The region covered by the contours may experience strong winds of more than
25 m/s. The denser the contours are, the higher the probability is.

Excercise

— Compare this diagram with the diagram in 6.2.

Data Usrf_Vsrf_abs max (lon, lat, member) (the maximum wind speed along the time
axis, the result of the previous operation)

e Function = “mean”

1. Compute the ensemble mean of Usrf_Vsrf_abs_max(lon, lat, member)
— lon = [90°E, ..., 100°E]
— lat = [14°N, ..., 20°N]
— member = <0, ..., 20>

2. Draw a 2D tone and contour diagram of Usrf_Vsrf_abs max _mean(lon, lat)
— (X) lon = [90°E, ..., 100°E]
— (Y) lat = [14°N, ..., 20°N]
parameters for visualization:
— Projection type = equidistant cylindrical projection

Usrf_Vsrf_abs_max_mean

29.4

29

15
19

CONTOUR INTERVAL = 2.500E+00
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Data /Nargis/NHM /precipitation.nc (lon, lat, validtime, member)

e Function = “mean”

1. Compute the ensemble mean of accumulated precipitation at the end of the
simulation (precipitation(lon, lat, member)).
— lon = [90°E, ..., 100°E]
— lat = [14°N, ..., 20°N]
— validtime = 4320 min
— member = <0, ..., 20>

2. Draw a 2D tone and contour diagram of precipitation_mean(lon, lat)
— (X) lon = [90°E, ..., 100°E]
— (Y) lat = [14°N, ..., 20°N]
parameters for visualization:

— Projection type = equidistant cylindrical projection
— Draw contour = false

precipitation_mean

Data /Nargis/POM /h.nc (lon, lat, t, member)

e Function = “max”

1. Compute the maximum along the ¢ and member axes of h(lon, lat, t, member)

— lon = [93.5°E, ..., 98°E]

— lat = [15.5°N, ..., 17.5°N]
— t = <0 min, ..., 4320 min>
— member = < 0,...,20 >

2. Draw 2D tone and contour diagram of h_max(lon, lat)

— (X) lon = [93.5°E, ..., 98°E]
— (Y) lat = [15.5°N, ..., 17.5°N]

parameters for visualization:

— Projection type = equidistant cylindrical projection
28
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surface elevation (m)

3.92
3.2
2.4

1.8
0.8

CONTOUR INTERVAL = 4.000E-01

Maximum height of the storm surge can be estimated.

Excercise

— Where is the heighest point of the storm surge?
— What is the cause of the highest storm surge?
— What is the most relevant parameter?
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Ny 7 7T 0y FREGGEOREEDORTE (BRSO RIG YR JEEE, 1978)
Development of Monitoring Techniques for Global Background Air Pollution. (MRI Special Research Group on Global
Atmospheric Pollution, 1978)
FEE K L DO HGEAEFN N HIBRIE O FRAEAF 78 (MR K LWFFEES, 1979)
Investigation of Ground Movement and Geothermal State of Main Active Volcanoes in Japan. (Seismology and
Volcanology Research Division, 1979)
BT ZE AR T BT S KGR BI M Sk iae (EFEHRED - iRl - (R &% - ft %, 1979)
On the Meteorological Tower and Its Observational System at Tsukuba Science City. (T. Hanafusa, T. Fujitani, N. Banno,
and H. Uozu, 1979)
WS R F LR o 2 7 A OBR%E (MU A ILBFFEES, 1980)
Permanent Ocean — Bottom Seismograph Observation System. (Seismology and Volcanology Research Division, 1980)
AN B 7T KR —400m (4% 500m) & 1,000m ¥ — (1934—1943 45 K% T8 1954— 1980 4F)  (MEPERFIEED,
1981)
Horizontal Distribution of Temperature in 400m (or 500m) and 1,000m Depth in Sea South of Honshu, Japan and Western
— North Pacific Ocean from 1934 to 1943 and from 1954 to 1980. (Oceanographical Research Division, 1981)
FRJEE A o DRI D728 2 KKKy B ONRS A S O BLR (5 @ BEIFZEES,  1982)
Observations of the Atmospheric Constituents Related to the Stratospheric ozon Depletion and the Ultraviolet Radiation.
(Upper Atmosphere Physics Research Division, 1982)
83 BUSMERAT OBA%E (MR KILWFFEET, 1983)
Strong —Motion Seismograph Model 83 for the Japan Meteorological Agency Network. (Seismology and Volcanology
Research Division, 1983)
REPICBT 2 F R ORI T D098 (LR ERMTIEERS, 1984)
The Study of Melting of Snowflakes in the Atmosphere. (Physical Meteorology Research Division, 1984)
RTG530 1 2 VBES K EBLI (MR I LIAFZEER - VBEITSEES, 1984)
Bottom Pressure Observation South off Omaezaki, Central Honsyu. (Seismology and Volcanology Research Division and
Oceanographical Research Division, 1984)
HAAEDIEREDOHEE (FHATTEES, 1984)
Statistics on Cyclones around Japan. (Forecast Research Division, 1984)
JRI R, & RTERE Ok B 20158 OSSR RIERS,  1984)
Observations and Numerical Experiments on Local Circulation and Medium —Range Transport of Air Pollutions.
(Applied Meteorology Research Division, 1984)
KINEBEERFIEICE T 20178 (R KILBTFERS, 1984)
Investigation on the Techniques for Volcanic Activity Surveillance. (Seismology and Volcanology Research Division,
1984)
REMRFTREARIEERET L — 1 (MRI- GCM— 1) (THAFZEES, 1984)
A Description of the MRI Atmospheric General Circulation Model (The MRI + GCM — 1 ). (Forecast Research Division,
1984)
BEOHEDZAL & BENZBT D09 — BR 7916 O—4— (BEWFFERE, 1985)
A Study on the Changes of the Three - Dimensional Structure and the Movement Speed of the Typhoon through its Life
Time. (Typhoon Research Division, 1985)
BARHER £ 7L MRI & MRI— IT OFf ALEGBATFE — BRI —  (BEXRATZERD, 1985)
An Intercomparison Study between the Wave Models MRI and MRI — I — A Compilation of Results —
(Oceanographical Research Division, 1985)
HIER AN BE9 2 F2BRAD B OVBERR AT IE (HIER K LAFJERE,  1985)
Study on Earthquake Prediction by Geophysical Method. (Seismology and Volcanology Research Division, 1985)
JeERi A R RGRR R (P EATIERS, 1986)
Maps of Monthly Mean Surface Temperature Anomalies over the Northern Hemisphere for 1891 —1981. (Forecast
Research Division, 1986)
TIERKRDOZE (B EFFEES - EFEMIEE - THRITIEEL - HRa BT, 1986)
Studies of the Middle Atmosphere. (Upper Atmosphere Physics Research Division, Meteorological Satellite Research
Division, Forecast Research Division, MRI and the Magnetic Observatory, 1986)

Ry 77— —=FIZ L DK% - RO REHEEVIEE « 7 EMFFEE « TMIFZEE - IS KRAFZEE -
FETFERD, 1986)
Studies on Meteorological and Sea Surface Phenomena by Doppler Radar. (Meteorological Satellite Research Division,
Typhoon Research Division, Forecast Research Division, Applied Meteorology Research Division, and Oceanographical
Research Division, 1986)
KEGHFEFT T KRR KRIEERET /L (MRL - GCM— 1) 1285 12 4R/ OfESy (THAFFESRS, 1986)
Mean Statistics of the Tropospheric MRI + GCM — 1 based on 12— year Integration. (Forecast Research Division, 1986)
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Multi— Directional Cosmic Ray Meson Intensity 1983 —1986. (Upper Atmosphere Physics Research Division, 1987)
LSRR RE TOED Y | EROEKIEE T — 2 (235 < MKIEB) ORI B9 A58 (MR ILIBTFEES,  1987)
Study on Analysis of Volcanic Eruptions based on Eruption Cloud Image Data obtained by the Geostationary
Meteorological satellite (GMS). (Seismology and Volcanology Research Division, 1987)

FaR— 7 WS (I & - IUEEE1T, 1988)

Marine Climatological Atlas of the sea of Okhotsk. (Y. Shinohara and N. Shikama, 1988)
M ERIEERE 7 L & T2 B DG ) BF ST 2 KR OIS B R GRRITERTFEES, 1989)

Response Experiment of Pacific Ocean to Anomalous Wind Stress with Ocean General Circulation Model.
(Oceanographical Research Division, 1989)

KRBT D UEERE R OFFE A0 GREERTIER, 1989)

Seasonal Mean Distribution of Sea Properties in the Pacific. (Oceanographical Research Division, 1989)
WEAIEBHR DT — 52 ~—Z (HIFRKLUHFZEES, 1990)

Database of Earthquake Precursors. (Seismology and Volcanology Research Division, 1990)

BT IR U DRI OB > AT AORHE (B EBFZEET, 1991)

Characteristics of Precipitation Systems During the Baiu Season in the Okinawa Area. (Typhoon Research Division, 1991)
RGMIEFT « THRATTEE TR S HERKIEE T v CEIDeB - FEFnkE, 1991)

Description of a Nonhydrostatic Model Developed at the Forecast Research Department of the MRI. (M. Ikawa and K.
Saito, 1991)

EOMGHBFEET DA RIFIIE GRIENTTEES - WELKRIIIEES - ICHRRMTIERS - [ M2 « Bl 27 A
WEFERR - BRWIZERE, 1992)

A Synthetic Study on Cloud—Radiation Processes. (Climate Research Department, Physical Meteorology Research
Department, Applied Meteorology Research Department, Meteorological Satellite and Observation System Research
Department, and Typhoon Research Department, 1992)

KK EVE - R E DT R —ZHIBRICET 2017 (= RIEDR - HEEZR - H¥F 72 - IEFE0h, 1992)
Studies of Energy Exchange Processes between the Ocean — Ground Surface and Atmosphere. (M. Mikami, M. Endoh, H.
Niino, and K. Yamazaki, 1992)

Bk H O HBUBHEE D & 7 H AR DO FHiHERE — 30 4R D A BEAKEEBRHIEED < Btdt— (BKiliZE+, 1993)

Seasonal Transition in Japan, as Revealed by Appearance Frequency of Precipitating-Days. — Statistics of Daily
Precipitation Data During 30 Years — (T. Akiyama, 1993)

B FRUHER TR B9 2 BT (MUER I LATFZEHS, 1994)

Observational Study on the Prediction of Disastrous Intraplate Earthquakes. (Seismology and Volcanology Research
Department, 1994)

ARG BLHIBERR (X 2 LBl (RS - Bl S 27 LHFJERS, 1994)

Intercomparisons of Meteorological Observation Instruments. (Meteorological Satellite and Observation System Research
Department, 1994)

i SR L O RS E T L L /T O 7 Mk~ A O REIEE, 1995)

The Long —Range Transport Model of Sulfur Oxides and Its Application to the East Asian Region. (Applied Meteorology
Research Department, 1995)

ALY RTBT 7 AT K DREOBIMIEDONT (REMEE - Bl 27 2, 1995)

Studies on Wind Profiler Techniques for the Measurements of Winds. (Meteorological Satellite and Observation System
Research Department, 1995)

Rk« BT BER O N TR HERZRE D 34T iE R OV OHIERALFRORFSE (HIERALARIFSEES,  1996)

Geochemical Studies and Analytical Methods of Anthropogenic Radionuclides in Fallout Samples. (Geochemical
Research Department, 1996)

RE L HEEOHERILFRIBTTE (1995 4K TN 1996 ) (MIER(L“AHFSEHRE, 1998)

Geochemical Study of the Atmosphere and Ocean in 1995 and 1996. (Geochemical Research Department, 1998)
EhiE 2 OoTHERRERITE (SATER, 1999)

Vertically 2-dmensional Nonlinear Problem (H. Kanehisa, 1999)

BT MEATONISE (FHAFFEES, 2000)

Study on the Objective Forecasting Techniques (Forecast Research Department, 2000)

P BRI 5 T 2 0 0 5 & WU B IS B9~ 2 A58 (MiER K ILAFZEES,  2000)

Study on Stress Field and Forecast of Seismic Activity in the Kanto Region (Seismology and Volcanology Research
Department, 2000)

R E BT & DK T DA R L O @G E i ds L ORKH 0 TR &K T O AR O PSR
RN L OME (IS « &)1 « fEF5 i, 2000)

Coulometric Precise Analysis of Total Inorganic Carbon in Seawater and Measurements of Radiocarbon for the Carbon
Dioxide in the Atmosphere and for the Total Inorganic Carbon in Seawater (I.Masao, H.Y.Inoue and H.Matsueda, 2000)
KEHTERT BUHET- W — i )27 v GRERfE - IsEe « KFAE - EHHH L, 2001)
Documentation of the Meteorological Research Institute / Numerical Prediction Division Unified Nonhydrostatic Model
(Kazuo Saito, Teruyuki Kato, Hisaki Eito and Chiashi Muroi, 2001)
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filesr (Rppbes - JF L5 )IASE, 2004)

Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale
(Takayuki Tokieda and Hisayuki Y. Inoue, 2004)
PostScript = — R &A% 3 2 {#fHl > —/L"PLOTPS"~ = = 7 /L (JIEEHEZ, 2004)

Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato, 2004)

RET R OREWIEINC BT D “IALR R O RMEBINAEN SR ET 2D A —)v & 2 DR EMEO BT
(BT D FA - BFE (BT 0 - ZHH — A - AR - FERALET - 8 S - PR - 1R 28 - RO
& B RATNZ - RIFFHH - FHHEE - SBE - 1K 35 - R THM - SkHER - folm %, 2004)
Re-evaluation for scale and stability of CO, standard gases used as long-term observations at the Japan Meteorological
Agency and the Meteorological Research Institute (Hidekazu Matsueda, Kazuto Suda, Sakiko Nishioka, Toshirou Hirano,
Yousuke, Sawa, Kazuhiro Tuboi, Tsutumi, Hitomi Kamiya, Kazuhiro Nemoto, Hideki Nagai, Masashi Yoshida, Sonoki
Iwano, Osamu Yamamoto, Hideaki Morishita, Kamata, Akira Wada, 2004)

MRS AR DFERE T U o 71T K D AU IR AL O HETERS LA _BIC B9 209 (HUER K ILAFZEES, 2005)

A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology
and Volcanology Research Department, 2005)

KEHFERTAEIIEEE T L (MRLCOM) MR (MEEIFZERE, 2005)

Meteorological Research Institute Community Ocean Model (MRI.COM) Manual (Oceanographical Research Department,
2005)

H A% 25 22 o0 B RS & N TAER O WTREMEICBE 9~ 2098 (M BERGRAIFZERS « FHRAIFZEHE, 2005)

Study of Precipitation Mechanisms in Snow Clouds over the Sea of Japan and Feasibility of Their Modification by
Seeding (Physical Meteorology Research Department, Forecast Research Department, 2005)

2004 4F A A R BOBEE L BRELY (BEWFSEE, 2006)

Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006)

SREFHEINE VKA AR HE D 2003 4 ERRILR B E  (FILE R, 2006)

2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama,
2006)

K&I L OMEAR T OB EAN 7 v L (SF) DRIE FIED mEAL & SFAREN 2 D RILEIEDORHE  (Refcbe
Z. AHRE . FE P, Il &, 2007)

Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SF¢) and evaluation of SF4 standard
gas stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007)

HERIR BRI & 2 BAEHOT O KBEZELICET 278 (B E KRR A, BRI - G KEMIZEER, 2008)

Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory,
Atmospheric Environment and Applied Meteorology Research Department, 2008)

KILTEE R FEE OB FEMZE (R K LBFFERT, 2008)

Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008)

HAIZ 31T DIEHERIGEIRES L OH R 7 a5yl X5 5KGHE S A7 22 X D ¥Kre OBIE S 2T L ORER
KOV1995 x5 2006 FORERR FIIER, BIER, BESC, IoHEBEA, BRI, Bl ¥, Hartmut
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

Establishment of a cold charcoal trap-gas chromatography-gas counting system for 3Kr measurements in Japan and results
from 1995 to 2006 (Michio Aoyama, Kenji Fujii, Katsumi Hirose, Yasuhito Igarashi, Keisuke Isogai, Wataru Nitta,
Hartmut Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

RHRBIC LD 4 FEEOWRHGHBIR R ol (PEpfd, Ad B, MUEEE1T, 2008)

Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi
Ishizaki and Nobuyuki Shikama, 2008)

CMIP3 w /v FETNT o T 2RI L IR O AR, « Wk OHEE OKH 52, BSrAR, 174
Ak, i ], 2008)

Estimation of the Future Distribution of Sea Surface Temperature and Sea Ice Using the CMIP3 Multi-model Ensemble
Mean (Ryo Mizuta, Yukimasa Adachi, Seiji Yukimoto and Shoji Kusunoki, 2008)

PR o D 7 v — b & FIW T2 40 e e B i A B 0 AT 3 8IS X DV K O @S EE pHy IE G 75, A, #k
JI 5, JE R GEIID ASE, 2008)

Precise Spectrophotometric Measurement of Seawater pHr with an Automated Apparatus using a Flow Cell in a Closed
Circuit (Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008)
SRR E FH VR BRAZ Y 0D 2006 4 [E BR 36 R SEBR A5 (5 1L5E J%,). Barwell-Clarke, S. Becker, M. Blum, Braga E.S.,
S. C. Coverly, E. Czobik, I. Dahll6f, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes,
Ming-Ming Jin, #P/AE, R. Kerouel, §A% -, M. Knockaert, N. Kress, K. A. Krogslund, fEZ*1EYE, S. Leterme,
Yarong Li, #HEK, =& 2, T. Moutin, #/H &=, KHEH, G Nausch, A. Nybakk, M. K. Ngirchechol, /IN)1[3# 5,
J. van Ooijen, XM F5F0, J. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, ZEfE—15, fEiEE BB, C.
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 54+ %%, A.
Youénou, Jia-Zhong Zhang, 2008)

2006 Inter-laboratory Comparison Study for Reference Material for Nutrients in Seawater (M. Aoyama, J. Barwell-Clarke,
S. Becker, M. Blum, Braga E. S., S. C. Coverly, E. Czobik, I. Dahll6f, M. H. Dai, G. O. Donnell, C. Engelke, G. C. Gong,
Gi-Hoon Hong, D. J. Hydes, M. M. Jin, H. Kasai, R. Kerouel, Y. Kiyomono, M. Knockaert, N. Kress, K. A. Krogslund, M.
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Kumagai, S. Leterme, Yarong Li, S. Masuda, T. Miyao, T. Moutin, A. Murata, N. Nagai, G. Nausch, M. K. Ngirchechol, A.
Nybakk, H. Ogawa, J. van Ooijen, H. Ota, J. M. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, K. Saito, K.
Sato, C. Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, T.
Yoshimura, A. Youénou, J. Z. Zhang, 2008)
R[GHFFET I VR E 7 L (MRLCOM)SR 3 WifiRan ChBr e, AFFER, Al —8R, PR, hirsts, ihE
B, ZZHERSE, Al (KGR ERF7EEs) | 2010)
Reference manual for the Meteorological Research Institute Community Ocean Model (MRI.COM) Version 3 (Hiroyuki
Tsujino, Tatsuo Motoi, Ichiro Ishikawa, Mikitoshi Hirabara, Hideyuki Nakano, Goro Yamanaka, Tamaki Yasuda, and
Hiroshi Ishizaki (Oceanographic Research Department), 2010)
SR E B AR BAEAE D 2008 4 EBE LA SRER RS (F1IUIE K, Carol Anstey, Janet Barwell-Clarke, Frangois
Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’ amico, Ingela Dahllsf,
Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, “F-ILIfE 5, H L1#4kL,
i M=, David I. Hydes, %574 /7, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, AEZIEY,
Sophie C. Leterme, Claire Mahaffey, > H¥J, Pascal Morin, Thierry Moutin, Dominique Munaron, ¥/ H & £, Giinther
Nausch, /]NI[{%52, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove,
Patrick Raimbault, Malcolm Rose, 75, FrBEZZHH, V2f%E —RR, Cristopher Schmidt, Monika Schiitt, Theresa M.
Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward,
Paul Worsfold, J5F§%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater (7 |17, Carol Anstey, Janet
Barwell-Clarke, Frangois Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahlléf, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, -
(LA s, - EfEEk, & HkE=, David J. Hydes, %75 /A¥E, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A.
Krogslund, REZ¥IEYE, Sophie C. Leterme, Claire Mahaffey, > ¥J, Pascal Morin, Thierry Moutin, Dominique Munaron,
B E 2, Ginther Nausch, /N)I[{#% 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier
Pierre-Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, Rk —if5, FEEZZW, V2B E BB, Cristopher
Schmidt, Monika Schiitt, Theresa M. Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz,
Linda White, E. Malcolm. S. Woodward, Paul Worsfold, 75#%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
TRI Z b 7o O THRRREE A O RS & OfEIA S OBE KR EE - BEhEE O TRINCEI T 218 (RIRE KRS E -
ERMGT KRG E KSR E - RE RS KIL# G KRG B e R R 6 - AL e - R
HREE - FRIE RS E R BT KRR - BT <G5 - THlAFIEE, 2010)
Studies on formation process of line-shaped rainfall systems and predictability of rainfall intensity and moving speed
(Osaka District Meteorological Observatory, Hikone Local Meteorological Observatory, Kyoto Local Meteorological
Observatory, Nara Local Meteorological Observatory, Wakayama Local Meteorological Observatory, Kobe Marine
Observatory, Matsue Local Meteorological Observatory, Tottori Local Meteorological Observatory, Maizuru Marine
Observatory, Hiroshima Local Meteorological Observatory, Tokushima Local Meteorological Observatory AND Forecast
Research Department, 2010)
WWRP LA U > By 7 2008 T SERE/MFZERF 7 v v = 7 b REEREE, BIHRE, R4, b5, KA, 1L
FRE, —ArdiE, s, 2010)
WWRP Beijing Olympics 2008 Forecast Demonstration/Research and Development Project (BOSFDP/RDP) (Kazuo Saito,
Masaru Kunii, Masahiro Hara, Hiromu Seko, Tabito Hara, Munchiko Yamaguchi, Takemasa Miyoshi and Wai-kin Wong,
2010)
BOFHIER OO T HIREEE ) b & ORI - VIR O 56 AL (B AR O 28 (MR K ILFSEEE, 2011)
Improvement in prediction accuracy for the Tokai earthquake and research of the preparation process of the Tonankai and
the Nankai earthquakes (Seismology and Volcanology Research Department, 2011)
REGMTEFTHIER > 27 LA E 7V 1 R (MRI-EESM1) —E 7 VOt — ((7ARRE, SAHIE, RIAEZ, R
L, TR, R, HPRE, MEE, MIE, R, RN, BTEOKAE, B, RS, WA
REHE, 2011)
Meteorological Research Institute-Earth System Model Version 1 (MRI-ESM1) — Model Description — (Seiji Yukimoto,
Hiromasa Yoshimura, Masahiro Hosaka, Tomonori Sakami, Hiroyuki Tsujino, Mikitoshi Hirabara, Taichu Y. Tanaka,
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