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A. Preface

This technical report describes modeling activities by the Meteorological Research Institute
(MRI) for the WWRP Beijing 2008 Olympics Forecast Demonstration Project/Research and
Development Project (BOSFDP/RDP). MRI participated in BOSRDP in collaboration with the
Numerical Prediction Division (NPD) of the Japan Meteorological Agency (NPD/JMA). The main
part of the BOBRDP project, called Tier-1, is an intercomparison of mesoscale ensemble prediction
systems (EPSs). MRI applied the JMA nonhydrostatic model (NHM) with a horizontal resolution of
15 km to the ensemble prediction and developed five initial perturbation methods; one-week EPS
downscaling, the targeted global singular vector (SV) method, the mesoscale SV method, the breeding
growing mode (BGM) method and a local ensemble transform (LET) method based on the local
ensemble transform Kalman filter (LETKF). Prior to the 2008 intercomparison, the five methods were
compared objectively by evaluating ensemble spreads, the root mean square error (RMSE) of the
ensemble mean against the analysis, the quantitative precipitation scores for the ensemble mean and
probabilistic forecasts. To improve the initial conditions, the JMA mesoscale four-dimensional
variational assimilation (Meso 4D-Var) system was applied to the Beijing area, and precipitation
information over China was assimilated. In addition, two lateral boundary perturbation methods were
developed, and their impacts on the ensemble forecast were examined. Importance of lateral boundary
perturbations in the BGM and LETKF cycles was also shown.

Six international participants conducted the intercomparison for a one-month period, from 24
July to 23 August, in 2008, and they reported their results at the fourth BOSRDP workshop, held at
Guangzhou in April 2009. Generally speaking, the MRI EPS performed well, both in the control run
and also in ensemble forecasts of weak to moderate precipitation and of surface temperature. During
the period of the Beijing Olympic Games, MRI also collaborated with the Hong Kong Observatory
(HKO) in the application of their nowcasting system, called SWIRLS, as part of BOSFDP.

After the 2008 intercomparison, the EPS domain was shifted from China to Japan, and mesoscale
ensemble predictions were performed for another month in support of the THORPEX Pacific Asian
Regional Campaign. During this period, sensitivity analyses based on the mesoscale singular vector
method were also conducted in near real time.

The authors of this technical report thank many people for their help in making possible our
participation in the BOSFDP/RDP. In particular, we are grateful to Dr. Gong Jiandong, Dr. Yihong
Duan, Dr. Deng Guo, Dr. Li Xiali and Dr. Li Yinglin of the China Meteorological Administration
(CMA), whose efforts were indispensable, and we also acknowledge the CMA for supporting this
international project. We appreciate CMA’s courtesy for giving us permission to quote their
verification results in this technical report. We also thank members of the International Science
Steering Committees (ISSC) and the International Technical Supporting Team (ITeST) of
BOSRDP/FDP, especially Dr. Jun Du of the National Centers for Environmental Prediction, Dr. Martin
Charron of the Meteorological Service of Canada, Dr. Yong Wang of the Zentral Anstalt fur
Meterologie und Geodynamik, Dr. Dehui Chen of the Chinese Academy of Meteorological Sciences
and Dr. Bill Kuo of the National Center for Atmospheric Research (NCAR). Dr. Alan Seed of the
Australian Bureau of Meteorology provided the precipitation analysis data for the Beijing area that we
assimilated with the Meso 4D-Var system. Dr. Juanzhen Sun of NCAR provided us a figure of radar
reflectivity distribution over China quoted in Section D-8. We also thank the staff of MRI for
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supporting our modeling work, especially for the use of MRI’s SX-6 super computer system. We are
also grateful to Yuki Honda, Masayuki Kyouda, Tadashi Fujita, Ryouta Sakai, Kiyotomi Sato and
other staff members of NPD/JMA for their help with the transfer of near-real-time data from NPD to
MRI and for improving the EPS. Comments by Tadashi Tsuyuki and Masaomi Nakamura of MRI, and
by Ko Koizumi, Jun-ichi Ishida, Kosuke Ono and Takuya Komori of NPD on the manuscript
improved this report.

The report is organized as follows. Section B presents an overview of the BOBFDP/RDP project.
Sections C and D report MRI’s preliminary EPS results obtained in experiments conducted in 2006
and 2007, respectively. The Tier 2 cloud-resolving ensemble forecast results are also reported in
Section D. Section E describes the 2008 forecast model, the initial and boundary conditions and their
perturbations, the experimental system, and verification results. The application of the HKO's
SWIRLS nowcasting system in BOSFDP and MRI’s role in support of this application are also
introduced in Section E. In Section F, the scientific bases of JMA’s one-week EPS, the nonhydrostatic
model-LETKF, and the Mellor-Yamada-Nakanishi-Niino (MYNN3) turbulent closure model are
described. In Section G, mesoscale ensemble prediction results for Japan, conducted as part of the
THORPEX Pacific Asian Regional Campaign (T-PARC), and other examples of the application of the
mesoscale EPS developed in BOSRDP are presented.

Sections D-4-3, D-6-1, E-3-1, E-3-2, E-3-3, E-3-4, E-4-3, E-6, E-7-1, E-7-2, E-8-1, G-1 and
G-2-1 were written mainly by M. Kunii; sections D-4-2, E-4-2 and E-5-1 by M. Hara; and D-5, D-6-2,
D-6-3, D-7-1, D-8, E-4-5, E-4-6¢, G-2-2 and G-3 by H. Seko. F-1 and F-2 were written by M.
Yamaguchi; E-2-2, F-4 and F-5 by T. Hara; F-3 by T. Miyoshi; and E-8-2 by W.K. Wong (HKO).

Other sections were written mainly by K. Saito.



B. Overview of the BOSFDP/RDP project and participation of MRI

The WWRP Beijing 2008 Olympics Forecast Demonstration / Research and Development Project
(BOBFDP/RDP), which was conducted in conjunction with the Beijing 2008 Olympic Games, was an
international research project of the World Weather Research Programme (WWRP) of the World
Meteorological Organization (WMO) for short range weather forecasting. This research project, which
succeeded the Sydney 2000 Forecast Demonstration Project (Sydney 2000FDP; Keenan et al., 2003),
was proposed by CMA in September 2003 at the sixth session of the WWRP Science Steering
Committee, held in Oslo, Norway, and was officially approved in October 2004 at the seventh session,
held in Boulder, Colorado, in the United States.

The BOSFDP/RDP was divided into two components; the FDP component for a very short range
forecast up to 6 hours based on the nowcasting, and the RDP component for a short range forecast up
to 36 hours based on the mesoscale ensemble prediction system (MEPS). The first WWRP
BOSFDP/RDP workshop was held in 2005 in Beijing. There, the Meteorological Research Institute
proposed to participate in the RDP component in collaboration with the Numerical Prediction Division
of JMA. The RDP component was further divided into two parts; Tier-1, consisting of mesoscale
ensemble prediction by regional models with a horizontal resolution of 15 km; and Tier-2, case studies
using cloud resolving models with horizontal resolutions of less than 3 km. Prior to the
intercomparison performed in summer 2008, preliminary experiments testing the data transfer and the
EPSs of the six participants were carried out in summer 2006 and summer 2007. The second and third
workshops were held after completion of the preliminary experiments, in August 2006 in Beijing and
in September 2007 in Qindao, China, respectively.

The 2008 BOSFDP/RDP experiment was conducted for about one month in summer 2008 to
coincide with the period of the Beijing Olympic Games, which took place from 8 to 24 August 2008.
The major FDP participants were the National Meteorological Center of CMA (NMC/CMA), the
Atmospheric Environmental Service of Canada (AES), the United States National Severe Storm
Laboratory (NSSL), the Hong Kong Observatory (HKO) and the Australian Bureau of Meteorology
(BOM). The Tier-1 RDP participants were NMC/CMA, the Chinese Academy of Meteorological
Sciences (CAMS/CMA), the U.S. National Centers for Environmental Prediction (NCEP), the
Meteorological Service of Canada (MSC), the Zentral Anstalt fur Meterologie und Geodynamik
(ZAMG) of Austria and Meteo-France, and MRI/JMA. The U.S. National Center for Atmospheric
Research (NCAR), NMC and MRI/JMA conducted the Tier-2 case studies. In the Tier-1 ensemble
experiment, participants were requested to run their ensemble predictions for a forecast time of up to
36 hours, starting every day at 12 UTC. The results were interpolated into common verification grids
with a resolution of 0.15° over a common verification domain (105~125°E, 30~45°N). The grid point
values (GPVs) were converted into GRIB2 format and transferred to the CMA’s data server by 2230
UTC each day. The participants’ ensemble predictions products were displayed by CMA on the
BOSRDP project website in near real time and were also utilized as reference information for the
Beijing Meteorological Bureau’s daily forecasts for the Olympic Games’ venues. The project’s
achievements and other project-related subjects were discussed at the fourth workshop, held in
Guangzhou in April 2009. A summary report (Duan et al., 2009) was submitted to the WWRP joint

scientific committee in August 2009.



C. 2006 Preliminary Experiment
C-1. Overview of the 2006 preliminary experiment

A preliminary test for BOSRDP was performed from 8 to 24 August 2006 by the five
participating forecast centers; MRI/JMA, NCEP, MSC, NMC/CMA and CAMS/CMA. Main purposes
of the 2006 experiment were construction of each participant’s mesoscale ensemble prediction
system (MEPS) and test of the data transfer. In the Tier-1 experiment, MEPs with a horizontal
resolution of 15 km were conducted. Specifications of Tier-1 EPSs of 5 participants are listed in Table
C-1-1.

Table C-1-1. Specifications of Tier-1 EPS of five participating centers in the 2006 experiment.

Participants  |Model (number of|Initial  Condition |IC perturbation |Physical LBC
ensemble member) | (IC) perturbation
NCEP WRF-NMM (5) NCEP Global | Breeding Multi-model  [Global EPS
WRF-ARW (5) 3D-VAR
MRI/IMA JMA-NHM (11) IMA Regional | Downscale  of|[non JMA Regional
4DVAR Global EPS Forecast
(WEP)
MSC GEM (16) MSC Global [ Targeted Global | Markov chain |MSC
3D-VAR SV Global EPS
NMC/CMA [WRF-ARW (15) |WRF-3DVAR Breeding non Global Forecast
CAMS/CMA |GRAPES (11) GRAPES-3DVAR | Breeding Multi-physics |Global Forecast

C-2. Numerical model for the 2006 experiment

MRI/JMA conducted 11 member mesoscale ensemble predictions with the JMA nonhydrostatic
model (NHM; Saito et al., 2006a) which covers a domain of 3300 km x 3000 km (Fig. C-2-1). This
domain was slightly smaller than the recommended area in BOSRDP (3500 km x 3000 km) due to the
coverage of the lateral boundary condition given by the Regional Spectral Model (RSM) of JMA (see
C-3). In Fig. C-2-1, a fan-shaped sector over east China indicates the domain of the common verification
area (105~125°E, 30~45°N). Note that the southwestern corner of the verification domain was
360 km). Except the

horizontal resolution and the domain size, most of them are the same as in the JMA operational

embedded in the lateral boundary relaxation layers of NHM (24 grids =

mesoscale model (MSM) as of September 2004. That is, vertically, 40 levels with variable grid
intervals of Az = 40 m to 1180 m were employed, where the model top and the lowest level were
located at 22060 m and 20 m, respectively. An explicit three-ice bulk microphysics scheme was
incorporated, while the subgrid convection was parameterized by the Kain-Fritsch schemes. Details of

physical processes and the operational application are given in Saito et al. (2006a).
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Fig. C-2-1. Domain of the MRI/JMA 2006
preliminary experiment (solid rectangle).
Fan-shaped sector over east China indicates the
domain of 0.15 degree common verification
grids (105~125°E, 30~45°N). Broken lines
show the boundary relaxation area. Broken
rectangle left of the model domain shows the
size of the recommended domain. Whole
domain of this figure corresponds with the area
that the RSM forecast was transferred to MRI
as the lateral boundary conditions.

C-3. Initial and boundary conditions for the control run

In the 2006 experiment, the unperturbed initial conditions for MRI’s EPS were given by
interpolation of the initial conditions of the JMA operational Regional spectral model (RSM; 20 km
L40). The initial condition of RSM was produced by the JMA operational regional analysis (RA),
which employed a 4 dimensional variational method (Regional 4D-VAR; Shimbori and Koizumi,
2004). Horizontal resolution of the analysis was 20 km, while the inner loop model for data
assimilation window (6 hours from 09 UTC to 15 UTC) was 40 km resolution. The boundary
conditions were given by the forecast of RSM three hourly. These data were transferred from
NPD/JMA to MRI through an exclusive line when the forecast of RSM at 12 UTC was finished. The
original domain of RSM covered the East Asia domain of 6500 km x 5140 km, but data only over the
domain of Fig. C-2-1, inside of the lateral boundary relaxation layers, were transferred to MRI as the
boundary conditions. Thus, western edge of EPS model domain was inevitably limited as shown by a

broken rectangle in Fig. C-2-1.

C-4. Initial perturbation method

As for the initial perturbations for MRI’s EPS, perturbations from the JMA operational one week
global EPS were employed in the 2006 experiment. The one week EPS at JIMA was conducted with 51
members by the global spectral model (GSM) of JMA, whose initial perturbations were given by a
global breeding method until October 2007 (see F-1). Initial perturbations in global model plane were
transferred from NPD daily through the exclusive line between JMA and MRI.

The simplest way to prepare initial conditions of the mesoscale ensemble forecast may be the
interpolation of one week global EPS’s initial conditions to a higher resolution mesoscale model.
However, we did not take this simple downscaling option because the JMA’s one week EPS was
conducted with a TL319L40 GSM, whose horizontal resolution (120 km) seemed insufficient to
supply initial conditions to the 15 km resolution mesoscale model.

To make the initial conditions of ensemble runs in the 2006 experiment at MRI, initial conditions of

the JMA’s one week EPS were first interpolated to the 15kmL.40 NHM model planes and five positive
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perturbations are extracted by subtracting the interpolated field of the control run from perturbed runs.
Then, the perturbations are normalized and added to the initial condition of the control run of the 15
km NHM given by JMA’s regional 4DVAR. Additionally, the normalized perturbations are subtracted
from the initial condition of the control run of 15 km NHM to make five negative members.

In the normalization of the perturbation, normalization coefficients are determined so that root
mean square values of the perturbations at each level do not exceed prescribed upper limits of standard
error of analysis (0.7 hPa for MSL pressure, 1.8 m/s for horizontal winds (U and V), 0.7 K for
potential temperature and 15 % for relative humidity, respectively). These values are based on 70 % of
magnitudes of the JMA’s operational Meso 4DVAR’s (Koizumi et al., 2005) statistical background
errors, and are the same as used in the mesoscale ensemble experiments by Saito et al. (2006b) and
Seko et al. (2009).

Specifications of the 2006 preliminary MEP experiment of MRI/JMA are listed in Table. C-2-1.

Table C-2-1. Specifications of the 2006 preliminary MEP experiment of MRI/JMA.

Forecast time (number of members)

36 hours (11 members)

Horizontal resolution (grid size)

Ax=15km (221x201) with the Lambert conformal projection

Vertical levels

40 levels, Az=40-1180 m

Initial condition for control run

JMA operational Regional analysis

Initial perturbation JMA operational one week global EPS (normalized)
Lateral boundary condition JMA operational Regional model 3 hourly (no perturbation)
Dynamics HE-VI scheme, At=60 sec, At=17 sec

Cloud microphysics

3 ice bulk method

Convective parameterization

Modified Kain-Fritsch scheme

Turbulence

Diagnostic TKE

Ground temperature

Prognostic 4 soil levels (no initial perturbations)

C-5. Products

Surface level data (2m temperature, 2m relative humidity, 10m winds, MSL pressure and 3 hour
accumulated rain) at uniform 0.15° grids for a common verification domain (105~125°E, 30~45°N)
were transferred to CMA in GRIB2 format (for details of GRIB2 transformation, see D-6-3).
Examples of the ensemble forecasts for a case of 15 August 2006 are shown in Fig. C-5-1.

12hur 1Zhur

Fig. C-5-1. 3 hour accumulated rain for 12 hour forecast of NHM with the control run (Left),
member M02p (center), and member M02m (Right). Initial time is 12 UTC 14 August 2006.



C-6. Verification
C-6-1. Verification by MRI

Figure C-6-1 shows 24 hour forecasts” RMSEs of the control runs and the ensemble means against
the initial condition over the common verification domain. In all cases for 18 days from 2 to 19 August
2006, RMSEs of the ensemble mean forecasts are smaller than those of control runs in 10 m wind
(Left). Similar tendencies are seen in 2m temperatures (Right), relative humidity and precipitation
(figures not shown).

Figure C-6-2 indicates time sequences of the ensemble spreads of surface forecast during the
verification period. Spreads of horizontal winds (U and V) increase up to FT=27, while the spread of
U gradually decreases after that. Spread of the mean sea level (MSL) pressure reaches its maximum at
FT=7 and then slightly decreases. Spread of relative humidity (RH) is almost constant for most
simulation period but decreases after FT=34. These tendencies are attributable to the fixed lateral
boundary condition without perturbations. Compared with the forecast errors in Fig. C-6-1 (about 1.2

m/s for U and about 1 C for temperature), the ensemble spreads are insufficient.

B UM
BUAVE

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Fig. C-6-1. RMSEs of the control run (blue bars) and the ensemble mean (purple bars) over the
verification domain at FT=24 against the initial conditions. Verification period is 18 days from 2
to 19 August. Left) 10 m wind (U). Right) 2 m temperature.

Fig. C-6-2. Time sequences of the ensemble spreads. Unit of the left vertical axis is ‘hPa’ for MSL
pressure (PSEA), ‘m/s’ for horizontal winds (U and V), ‘K’ for 2m temperature (T), respectively.
Unit of the right vertical axis is ‘%’ for relative humidity (RH) and ‘mm’ for 3 hour accumulated rain
(RR3H), respectively.



C-6-2. Verification by CMA

Preliminary verification of the 2006 experiment was performed by CMA (Li and Li, 2006).
Forecast results in the common verification grids with a resolution of 0.15° (105~125°E, 30~45°N; Fig.
C-2-1) were compared with the 400 synoptic observation stations and 722 dense auto observation
stations (Fig. C-6-3). At every verification point, the domain with the radius of 0.075 degree was
scanned and observation values were interpolated to the verification grid; if there was no station
belonging to the 400 stations subset, a nearest auto station to the grid point was chosen.

Talagrand diagram for surface (2m) temperature at FT=24 of the MRI/JMA ensemble forecast is
given in Fig. C-6-4. Every member has a similar contribution to EPS but many of the observations
exceed the forecast range. As seen in Fig. C-6-5, ensemble spread is too small compared with the
forecast errors (2-3 °C).

Similar tendencies were seen in EPS results by other participating centers (NCEP, MSC, NMC and
CAMS). RMSE in the ensemble mean and the threat score of precipitation by MRI/JMA’s EPS were

relatively better than other participants (figures not shown).

44N

Fig. C-6-3. Surface observation points used
for verification in BO8 RDP. After Li
and Li (2006). Courtesy of NMC/CMA.
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Fig. C-6-4. Talagrand diagram on surface
(2m) temperature at FT=24 of MRI/IMA
ensemble forecast. Period is 17 days
from 8 August to 24 August 2006. After
Li and Li (2006). Courtesy of
NMC/CMA.
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Fig. C-6-5. Ensemble spread and
RMSE of the ensemble mean for
surface (2m) temperatures by
the MRI/IMA ensemble
forecast.  Period is 17 days
from 8 August to 24 August
2006. After Li and Li (20006).
Courtesy of NMC/CMA.





