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State-of-the-art mesoscale ensemble prediction systems from six countries worked in
real time in a demonstration project focused on 6–36 hour lead times.

B

ackground and objectives of B08RDP. The 29th Olympic Games were held on
8–24 August 2008 in Beijing, China, and the 13th Paralympics followed on 6–17 September. The
Beijing area is located
in the northern part of
t he Nor t h China Plain
and is characterized by a
distinct topography with
mountains to the north
and west and plains to the
east and south (Fig. 1). The
city of Beijing lies on a flat
plain with an elevation of
around 20–60 m above
mean sea level extending
southeast toward the Bohai
Sea. It is known that this
special topography often
induces local, small-scale,
short-lived weather events
in summer, which may
have a high impact on the
population and infrastructure. Historical data over
the past 20 years reveal
that Beijing’s precipitation frequency is 49.2%
and the occurrence freFig. 1. Topography and locations of five Olympic venues (blue dots) in Beijing,
quency of thunderstorms
showing Shunyi Olympic Rowing-Canoeing Park (SRC), NST, Workers’
is 25.9% during July and
Stadium (WST), Fengtai Softball Field (FTS), and Laoshan Mountain Bike
August. Moreover, other
Course (LSC).
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high-impact weather (HIW) events such as strong
winds and heavy fog are likely to happen during this
period. Therefore, providing reliable and accurate
weather forecast support for the Beijing 2008 Olympic
Games is critical but remains a great challenge.
In order to enhance support to the Beijing 2008
Olympic Games, based on the successful experience
of the Forecasting Demonstration Project (FDP) for
the Sydney 2000 Olympic Games (May et al. 2004),
the Chinese Meteorological Administration (CMA)
proposed an FDP project for the Beijing 2008 Olympic
Games (the B08 project) during the sixth session of the
Scientific Steering Committee (SSC) under the auspices
of the World Meteorological Organization (WMO)
World Weather Research Programme (WWRP) in
September 2003. At this meeting, data assimilation
and ensemble prediction system (EPS) components
for the proposed B08 project were discussed and considered for a research and development project (RDP).
In response to the request of the WWRP SSC, an advisory group nominated by the SSC visited Beijing on
19–21 July 2004 to investigate and evaluate the preparation of the B08 scientific plan and the implementation
conditions. The B08 project was officially approved
during the seventh SSC session in October 2004. This
project included two subprojects, a nowcasting Forecast
Demonstration Project (B08FDP) and a mesoscale
ensemble forecast project [the Beijing 2008 Olympics
Research and Development Project (B08RDP)]. It is the
latter that is reviewed in this article.
The B08RDP emphasized the 6–36-h forecast lead
times to demonstrate the advantages of mesoscale
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ensembles in forecasting HIW and provided nearreal-time mesoscale ensemble prediction systems
(MEPs) products for the Beijing Olympic Games. The
main objectives of B08RDP included the following:
• improving our understanding of short-range probabilistic prediction processes through numerical
experimentation, to identify error sources and to
develop methods to reduce forecast errors;
• sharing experience on the development of realtime MEPSs;
• demonstrating how mesoscale EPS can improve
HIW short-range forecasts;
• training forecasters in the utilization of mesoscale
ensemble prediction products and, if possible,
providing weather forecasting services for the 2008
Beijing Olympic Games;
• assessing the skill of MEPSs and intercomparing
the performance of different MEPSs; and
• setting up a shareable database for related research
by the community.
Besides the development of MEPSs and their application to the forecast support for the Olympic Games,
a number of research issues that were closely related
to the development of MEPSs have been put forward
in the beginning of and during the implementation
of B08RDP, which include the following:
• conducting research on the evaluation of the value
provided by mesoscale probabilistic prediction,
such as the evaluation of MEPS forecasts against
a high-resolution deterministic model and the
forecasts from existing operational global EPSs
(GEPSs), such as The Observing System Research
and Predictability Experiment (THORPEX)
Interactive Grand Global Ensemble (TIGGE);
• performing mesoscale data assimilation research
by assimilating local observations available from
northern China, such as those from automatic
weather stations (AWs), Doppler radars, and wind
profilers;
• developing quasi-real-time MEPSs and conducting
experiments to demonstrate their capabilities and
performing intercomparisons;
• assessing warnings and the forecasting capabilities
of MEPSs through case studies; and
• conducting research on the ensemble verification
of MEPSs and performing a comprehensive evaluation of B08RDP.
In this paper, B08RDP activities and its accomplishments are reviewed. The “Description of
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B08RPD” section overviews the implementation of
B08RDP and introduces each participating MEPS.
The “Accomplishments of B08RDP” section describes
the accomplishments of B08RDP, which include
1) the service provided to the Olympic Games; 2) the
MEPS-related research done including the verification of B08RDP systems; 3) the acceleration of MEPS
development into real-time operations at each numerical weather prediction (NWP) center; and 4) the
forecaster training in utilizing ensemble and forecast
uncertainty products. A summary and discussion are
given in the final section.

Meteorological Bureau (BMB) and NMC; and 3) the
final ensemble forecasts from each participant would
include the agreed-upon variables interpolated on
a predesigned common domain with a horizontal
grid spacing of 15 km and the same format [gridded
binary, version 2 (GRIB-2)] and would be sent to a
common ftp server at CMA.
The GRIB-2-formatted forecasts transmitted
to the common ftp server in near–real time were
decoded, and the decoded ensemble forecasts were
processed into conventional ensemble products
on model grids and specifically tailored products
upon the request of forecasters. Then the ensemble
forecast products were transmitted in different
formats [graphics, Meteorological Information
Comprehensive Analysis and Processing System
(MICAPS) format, and text format] and delivered
to the “short- and medium-range forecast platform”
and “short-time nowcasting platform” of the Beijing
Meteorological Bureau and the National Meteorological Center. The entire chain of the data exchange
of B08RDP participants, product processing, and
delivery to end forecasters is sketched in Fig. 2.
Moreover, an official B08RDP website was established in 2007 to display observations and graphical
ensemble products from each MEPS in near–real
time during the experimental periods in 2007 and
2008, serving as a platform for all participants to
share the forecast information and allowing each
participant to follow and evaluate its forecast
through the graphical information. The examples

DESCRIPTION OF B08RPD. Preparation and
execution of B08RDP. There were six participating
MEPSs for B08RDP. They comprised the systems
from the National Meteorological Center (NMC)
of CMA, the Chinese Academy of Meteorological
Science (CAMS) of CMA, the National Centers for
Environmental Prediction (NCEP), Recherche en
Prévision Numérique (RPN) of Environment Canada
(EC), the Meteorological Research Institute (MRI)
of the Japan Meteorological Agency (JMA), and the
Austrian weather service ZentralAnstalt für Meteorologie und Geodynamik (ZAMG) and Météo-France
(acting as one joint partner). In this paper, these
MEPSs are referred to as NMC/CMA-MEPS, CAMS/
CMA-MEPS, NCEP-MEPS, EC-MEPS, MRI/JMAMEPS, and ZAMG-MEPS, respectively.
The operational mechanism for all MEPSs of
B08RDP was based on a cooperation agreement
supervised by the International Science Steering
C o m m i t t e e ( I S S C) o f
B08RDP/FDP and coordinated by the project management team from CMA.
The agreement consisted
of the following: 1) each
participant of B08RDP had
to run its own MEPS on
its local computer infrastructure, using a common targeted simulation
domain; 2) CMA was responsible for setting up
the common framework
and platform for collecting
each participant’s forecasts,
processing and displaying
the ensemble products and
providing them to the local
F ig . 2. Schematic representation of the functional layout of B08RDP
forecasters at the Beijing
components.
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of application products used later in this article are
actually taken from this website.
A two-tier structure for the implementation
of B08RDP was used. Tier 1 focused on the development and application of MEPSs with 15-km
horizontal grid spacing, which was required for
all participants. The common target domain was
chosen to cover most of northern China, from approximately 25° to 50°N in latitude and from 90° to
140°E in longitude, as shown in Fig. 3. The specific
model domain of each MEPS might differ slightly
from the others; however, a single uniform domain
for the final MEPS products with a horizontal
grid of 134 × 101 and 15-km grid spacing (as seen
in Fig. 3, right) was used. The 36-h forecasts were
performed once daily, initiated at 1200 UTC (however, the local institute itself, NMC, ran its MEPS
twice daily at 0000 and 1200 UTC to provide more
frequent information to its own forecasters). The
exchanged forecast variables done at 3-hourly output
frequency included 1) 10 upper-level variables:
500-hPa geopotential height; 700-hPa temperature,
relative humidity (RH), and wind (u, v), and 850-hPa
geopotential height, temperature, relative humidity,
and wind (u, v); and 2) six surface parameters: 2-m
temperature and relative humidity, 10-m wind field
(u and v), sea level pressure, and 3-h accumulated
precipitation. In addition, 3) four optional diagnostic parameters—convective available potential
energy (CAPE), convective inhibition, lifted index,
and sauna index [Eq. (1)]—were provided by some
participants during the 2007 and 2008 experimental
periods. Because the sauna index (so called in China,

though known as a heat index in the United States)
might not be familiar to some readers, it is briefly
described here. This index reflects a combined effect
of temperature and humidity and is defined as
sauna (°F) = 0.5 × T2m (°F) + 0.3 ×Td2m (°F) + 15, (1)

where T2m is temperature and Td2m is dewpoint
temperature at 2 m above ground level in degrees
Fahrenheit to describe the level of comfort to humans
during hot and humid summer conditions. In the
United States, a sauna index value of 90 is considered
to be a critical threshold. When it exceeds 90, the
electricity consumption level will likely jump significantly, mostly because of increased air-conditioning
usage. The formula [Eq. (1)] is provided by NCEP
and used in the B08RDP project, whereas different formulas were used by others (Steadman 1979;
Rothfusz 1990).
The focus of tier 2 was simulations and tests at
the high end of the meso-gamma scale. Because of
the demand for computing resources and requirements for special observational data such as from
radar, participation in tier 2 is optional. Some case
studies using a 3-km horizontal grid spacing have
been done with different analysis schemes and model
implementations during the B08RDP study period
and will be discussed in the “Accomplishments of
B08RDP” section.
Three experiments were conducted and four
workshops were held during the entire course of the
B08RDP project to accomplish the project’s mission.
Two test periods were conducted in the summers of

Fig. 3. (left) The approximate model domain for each MEPS (dashed red box). (right) The common
product-output domain. The dots indicate the locations of 400 surface stations that made their observations available to all participants.
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2006 and 2007 before the final application during
the Beijing Olympic Games in 2008. On 8–24 August
2006, a first trial was conducted with an emphasis on
technical testing, that is, the encoding, collecting,
and decoding of forecasts and the production of
user-oriented ensemble forecast products. Before
the second test period, conducted from 24 July to
31 August 2007, each MEPS was upgraded based on
the preliminary verification results obtained from the
first test and each center’s own scheduled technical
improvement plan. ZAMG and Météo-France joined
before the second test period. The final near-real-time
experiment of B08RDP was conducted for the period
1 July–25 August 2008 to support the Olympic Games.
Four workshops were held during the B08RDP project
from 2005 to 2009. The first (Beijing, 29–31 March
2005) mainly focused on idea exchanges, organization, and planning issues. The second (Beijing,
30 August–1 September 2006) and third (Qingdao,
20–22 September 2007) focused more on the scientific
aspects of improving MEPS. The fourth (Guangzhou,
21–23 April 2009) was held after the Olympic Games
to review the entire B08RDP project and its progress
for a draft report to the WMO WWRP (Duan et al.
2009). These workshops were important for summarizing the previous experiments and setting up
the continuing tasks, and they provided an effective
channel for each participant to comprehensively
exchange ideas and present its progress.
Participating mesoscale ensemble prediction systems.
In this subsection, the configurations of the six

participating MEPSs used during the 2008 near-realtime experimental period are briefly summarized.
These operational or preoperational systems at the
NWP centers constitute the state-of-the-art strategies
in research and operational applications of mesoscale
ensemble forecasts. This description focuses on the
following three aspects: forecast models; initial condition (IC) and lateral boundary condition (LBC) perturbations; and subgrid-scale physical perturbations,
which is also summarized in Table 1 for the reader’s
quick reference.
Forecast models . A total of five mesoscale models
were used within the B08RDP MEPSs. Two versions of
the Weather Research and Forecasting (WRF) model
[i.e., the WRF Nonhydrostatic Mesoscale Model
(WRF-NMM; Janjić et al. 2001) and the National
Center for Atmospheric Research (NCAR) Advanced
Research WRF model (ARW-WRF; Skamarock et al.
2005)] were used to construct the NCEP-MEPS. This
MEPS was reconfigured from a portion of the NCEP
Short-Range Ensemble Forecast (SREF) system, which
was operationally implemented in 2001 (Tracton et al.
1998; Stensrud et al. 1999; Du and Tracton 2001). The
ARW-WRF was also used in the NMC/CMA-MEPS.
The EC-MEPS was based on the Global Environmental Multiscale (GEM) model (Côté et al. 1998a,b; Yeh
et al. 2002) and the limited-area version of the GEM
model (GEM-LAM). The ZAMG-MEPS was based on
the Aire Limitée Adaptation Dynamique Développement International (ALADIN) model (Wang et al.
2006). The forecast model of the MRI/JMA-MEPS

Table 1. The summary of characteristics of the six participating MEPSs running in near–real time in 2008.
Participating
systems

Forecast
model

Ensemble
size

IC

IC
perturbation

LBCs and LBC
perturbations

Model
perturbations

NCEP-MEPS

ARW-WRF
WRF-NMM

10

NCEP 3DVAR

BV

NCEP ETR-based
GEPS

Multimodel

MRI/JMA-MEPS

NHM

11

Meso 4DVAR
(20-km L40)

Targeted global
SV (T63L40)

JMA global forecast
(TL959L60) and
SV-based GEPS

None

Global EnKF
(100-km L28)

EC EnKF-based
GEPS

Stochastic
perturbation
on physical
tendencies

EC-MEPS

GEM-LAM

21

MSC global
EnKF

ZAMG-MEPS

ALADIN

17

ECMWF
global 4DVAR

Blending
ECMWF SV with
ALADIN BV

ECMWF SV-based
GEPS

Multiphysics

NMC/
CMA-MEPS

ARW-WRF

15

WRF-3DVAR

BV

CMA BV-based
GEPS

Multiphysics

CAMS/
CMA-MEPS

GRAPES

9

WRF-3DVAR

BV

CMA BV-based
GEPS

Multiphysics
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was the nonhydrostatic model of JMA (NHM; Saito
et al. 2006, 2007). The CAMS/CMA-MEPS was based
on the nonhydrostatic mesoscale NWP model of the
Global/Regional Assimilation and Prediction System
(GRAPES; Chen et al. 2008).
IC and LBC perturbations. The IC and LBC perturbation methods of the six MEPSs can be categorized
into four types. 1) The breeding vector (BV; Toth and
Kalnay 1997) method is used in the NCEP-MEPS,
NMC/CMA-MEPS, and CAMS/CMA-MEPS for IC
perturbations. The LBC perturbations of these three
systems are provided by the ensemble transform with
rescaling (ETR)-based NCEP global EPS (Wei et al.
2008) for the NCEP-MEPS and the BV-based CMA
global EPS for the two CMA-MEPSs. 2) The targeted
global singular vector (SV) method (Yamaguchi
et al. 2009) is applied in the MRI/JMA-MEPS for
both IC and LBC perturbations (Hara 2010). 3) The
technique of blending global SV perturbations from
the European Centre for Medium-Range Weather
Forecasts (ECWMF) global EPS and BV perturbations from a limited model is newly developed and
applied in the ZAMG-MEPS for IC perturbations
(Wang et al. 2011). Its LBC perturbations are provided
by the SV-based ECWMF global EPS (Buizza et al.
1995; Molteni et al. 1996). 4) The ensemble Kalman
filter (EnKF) technique is used in the EC-MEPS for
IC perturbations. The LBC perturbations are provided by the Meteorological Service of Canada (MSC)
global EPS (Charron et al. 2010).
Model perturbations. Model error representation in
MEPSs was also emphasized in B08RDP. Three model
perturbation strategies (multiphysics, multimodel, and
stochastic parameterization perturbations) were used
and tested. The multiphysics technique (Houtekamer
et al. 1996; Stensrud et al. 2000) was used in the NMC/
CMA-MEPS, CAMS/CMA-MEPS, and ZAMGMEPS. The NMC/CMA-MEPS and CAMS-MEPS
focused on the combination of cumulus convective
parameterizations, boundary layer schemes, and land
surface schemes, whereas the multiphysics technique
in the ZAMG-MEPS was addressed by the variations
of large-scale and subgrid-scale precipitation, radiation, turbulent transport, and diffusion processes in
the ALADIN model. Following the operational configuration of the NCEP SREF, to which WRF-NMM
and ARW-WRF were added in 2005 (Du et al. 2006),
these two models were used in the NCEP-MEPS
to represent model diversity of both physics and
dynamics. A stochastic perturbation method based on
Markov chains was used in the EC-MEPS to simulate
386 |

convection and condensation parameter perturbations
(Li et al. 2008) and subgrid-scale physical tendency
perturbations (Charron et al. 2010).
ACCOMPLISHMENTS OF B08RDP. Providing
value-added service to the Olympic Games. The nearreal-time experiment of B08RDP was conducted
during the period 1 July–25 August 2008 and played
an important role in supporting the Olympic Games.
One advantage of ensemble forecasting is in representing the various uncertainties of weather forecasts.
During the experiment, many ensemble products
from each participating MEPS were provided to
forecasters at both the National Meteorological
Center and the Beijing Meteorological Bureau. These
products included the ensemble mean, ensemble
spread, probability of occurrence for some weather
phenomena, postage stamp charts of individual
ensemble members (so named because all members
are plotted together on one page resembling a sheet
of postage stamps), and some specifically tailored
products for sport venues. They were categorized
into three levels based on the different priorities for
the forecast needs. Forecast products using the six
surface variables listed previously were considered
to be level 1 because their high priority for decision
making. These products included the conventional
and special ensemble forecast products targeted to
provide forecasts of weather conditions at 17 Olympic
Games venues in Beijing and at the sailing venues in
Qingdao. The special products were mainly related to
precipitation and were 1) graphical products describing the time evolution of forecast probabilities from
each MEPS of different thresholds for specific sport
venues (Fig. 5 is an example of this) and 2) the time
evolution of precipitation forecasts from the control
run, ensemble mean, and each member of every
MEPS for specific sport venues (Fig. 7 is an example
of this). These precipitation products played an important role in forecasting HIW events during the
Olympic Games based on forecasters’ feedback. Level
2 products included conventional ensemble products
for the four diagnostic parameters related to severe
weather (CAPE, convective inhibition, lifted index,
and sauna index). Level 3 products included the 10
upper-air variables. All products were available at 3-h
intervals in GRIB-2 format and in American Standard
Code for Information Interchange (ASCII). Graphical
products were also posted on the B08RDP website.
The benefits of using multicenter mesoscale
ensembles will be illustrated by the following two
HIW events. The first example is a precipitation event
that happened on the day of the opening ceremony
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rehearsal (30 July 2008). This precipitation was not
predicted by operational forecasters, but it was found
in retrospect that most MEPSs did indeed predict the
precipitation event. The second case was a successful
forecast for the important official opening ceremony
held at the National Stadium (NST) of Beijing (known
as the Bird’s Nest) on 8 August 2008.
Forecast for the opening ceremony rehearsal on
30 July 2008. The rehearsal for the opening ceremony
of the Beijing Olympic Games was held at the National Stadium of Beijing on 30 July 2008. The rehearsal
began at 2000 Beijing time (BT), or 1200 UTC. There
were about 70,000 people in the audience. During
the rehearsal, a severe storm took place at 2130 BT
(1330 UTC), and 6-h accumulated precipitation of
more than 5 mm was observed at many locations
(some received as much as 40 mm). Consequently,
the rehearsal was seriously affected. The precipitation was caused by weak synoptic systems at the
boundary of a cold vortex to the northeast of Beijing.
Because of the complexity of the contributing weather
systems, official forecasters failed to predict this
event. Further investigation of this forecast failure
was done afterward, and it was found that almost all
B08RDP MEPSs had predicted that there would be a
high probability for more than 5 mm of precipitation
occurring on the night of 30 July 2008 (Fig. 4). This
forecast information was also clearly revealed by one
particular MEPS product, the time evolution of forecast probability of precipitation at different thresholds for a particular Olympic Games venue location
(Fig. 5). Figure 5 shows that most of the MEPSs had
predicted that there would be a high probability of
precipitation at the National Stadium around 2100 BT
(1300 UTC) on 30 July. Because Fig. 5 was actually
issued before 0800 BT (0000 UTC) 30 July, more than
12 h before the event, forecasters would have most
likely avoided this forecast bust if they looked at the
ensemble products. This case greatly helped to boost
forecasters’ confidence in MEPS products afterward.
According to subjective verifications of both forecasters and developers, products like the one shown in
Fig. 5 played an important role in demonstrating the
added value of MEPSs over deterministic forecasts
and were very much appreciated by the forecasters
(Kang 2009).
Forecasts for the opening ceremony on 8 August
2008. Another important case was the forecasts
provided for the Olympic Games’ official opening
ceremony held on 8 August 2008 (2000–2400 BT,
or 1200–1600 UTC). The success of the opening
AMERICAN METEOROLOGICAL SOCIETY

ceremony is strongly contingent upon weather conditions. Most of the deterministic NWP forecasts
indicated that there would be precipitation over the
Beijing area during the opening ceremony. Therefore,
forecast information on rainfall amounts and locations was crucial. Precipitation indeed occurred in the
general Beijing area as predicted. However, its spatial
distribution was inhomogeneous (see Fig. 6, left), because it was caused by small-scale weather features.
Very small amounts of precipitation were actually
observed in the Beijing downtown area, including the
opening ceremony location, the National Stadium.
The MEPS ensemble forecasts successfully predicted this localized precipitation. Although almost
all the MEPSs had forecasted precipitation on
8 August, the ensemble mean rainfall amount around
the time of the opening ceremony was, however, small
(Fig. 7). The forecast probability from the NMCMEPS showed that the chance of having precipitation
(>0.0 mm) was low (27%) and the chance of having
significant precipitation (>5 mm) was even lower (7%)
at the National Stadium during the opening ceremony
between 2000 and 2400 BT, or 1200–1600 UTC
(Fig. 6, right). Other ensemble systems displayed similar results. Figure 7 shows the precipitation forecasts
from the control run, ensemble mean, and individual
members from all MEPSs for this opening ceremony
case. It can be seen that the ensemble means of most
MEPSs predicted very small amounts of precipitation (less than 1 mm) during the time of the opening
ceremony. This forecast information suggested that
there would be a very small chance of significant rain
occurring during the opening ceremony, which was
consistent with the observations.
In fact, during the near-real-time experiment
period (25 July–24 August 2008), the B08RDP MEPSs
caught most of the main precipitation events and
behaved well overall (Kang 2009). Therefore, it did
provide a quite successful service to the Olympic
Games. Through the implementation of B08RDP,
safety in relation to meteorological events during the
Beijing 2008 Olympics was enhanced.
Advancing MEPS-related research. Verification and
value of MEP. Verification of ensemble prediction
systems was a priority for the B08RDP participants
because it provides a basis for measuring any scientific and technical progress of each system during
the course of B08RDP. Preliminary verification of
the MEPSs for each experimental period was done
by NMC. Each center also performed its own objective verification with either observations obtained
from the CMA database or its own analysis. These
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Fig. 4. (top) Observed 6-hourly accumulated precipitation valid at 1500 UTC 30 Jul, and (middle, bottom) the
forecast probabilities of 3-hourly accumulated precipitation amounts exceeding 5 mm from each of the six
participating MEPSs valid at 1500 UTC 30 Jul. Here MSC is the same as EC in the text and other figures.
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Fig. 5. Time evolution of forecast precipitation probabilities exceeding different thresholds [1,
5, 15, 25, 50 mm per (3 h –2] at NST, initialized on 1200 UTC 29 Jul 2008.

F ig . 6. Observed precipitat ion dis t r ibut ion a nd t he
forecast precipitation probabilities at three thresholds
from the NMC-MEPS at NST
during the Olympic Opening
Ceremony (2000–2400 BT, or
1200–1600 UTC 8 Aug 2008).
AMERICAN METEOROLOGICAL SOCIETY
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verification results have been valuable for assessing the attributes and biases of the systems and for
intercomparisons. The details of the preliminary
verification were presented in the workshops.

Scientifically, the verification results can be categorized into four important aspects: 1) intercomparison among the six participating MEPSs; 2) lowerresolution EPS versus a higher-resolution single run;

Fig . 7. The precipitation forecasts from the control run, ensemble mean, and ensemble members for all
MEPSs, which were initialized on 1200 UTC 7 Aug 2008 and ended on 0000 UTC 9 Aug 2008. The black solid
line at the bottom of each panel indicates the period of the Olympic Opening Ceremony (2000–2400 BT, or
1200–1600 UTC 8 Aug 2008).
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3) a multi-EPS versus single EPS, which includes a than the global EPS. In Fig. 9 (bottom), the function
multimodel EPS versus single-model EPS; and 4) a F(A, B) is defined to measure the difference between
regional EPS versus global EPS. For the intercom- dispersion scores A and B as follows:
parison results, readers are referred to Kunii et al.
(2011). In that study, it is shown that, for all MEPSs, F(A, B) = e|logA|–|logB| – 1, when |logA| > |logB|; and (2.1)
the ensemble spreads grew as the forecast time increased and the ensemble mean improved forecast F(A, B) = 1 – e|logA|–|logB|, when |logA| < |logB|, (2.2)
errors compared to the corresponding control forecasts. An examination of the added
value of lower-resolution EPS over a
higher-resolution single deterministic run (e.g., the 3-km runs from
this project) is in preparation. The
results for aspects 3 and 4 will be
briefly presented hereafter. In the
verification, the following measuring scores were used: the ensemble
mean error; the ensemble spread,
including Talagrand histograms;
Fig . 8. (left) The CRPSs of probabilistic forecasts of 6-hourly acand various measures for probabicumulated precipitation from the MEPS and GEPS and (right) the
listic forecasts, such as the relative
CRPS difference between GEPS and MEPS plotted together with
operating characteristics (ROCs;
the 95% and 5% confidence intervals in dashed curve, as a function
Mason 1982), reliability diagrams,
of forecast/verification periods [1) 0–6, 2) 6–12, 3) 12–18, 4) 18–24,
5) 24–30, and 6) 30–36 h]. Confidence intervals are calculated based
Brier score (BS), and Brier skill
on the bootstrap technique, after Li et al. (2012).
score (BSS; Brier 1950; Murphy
1973). The two important attributes
of BS, reliability and resolution
(Jolliffe and Stephenson 2003),
were also calculated. The continuous rank probability score (CRPS;
Stanski et al. 1989; Hersbach 2000)
and the reduced centered random
variables (RCRVs; Talagrand et al.
1999; Candille et al. 2007) were also
used for evaluating the results of the
2008 experiment.
To d emon s t r at e t he a dd e d
value of MEPSs over existing operational global ensemble systems,
a preliminary comparison between
the NMC-MEPS and CMA global
EPS was conducted over the period of the Olympic Games in 2008
(21 July–24 August) for precipitation
forecasts (Li et al. 2012). These scores
Fig. 9. (top) Bias terms of the RCRV from the MEPS and GEPS as
were verified against observed prewell as their differences plotted together with the 95% and 5% confidence intervals in dashed curves. (bottom) Dispersion terms of
cipitation from 400 local surface staRCRV from the MEPS and GEPS as well as their differences plotted
tions (Fig. 3). Figure 8 shows that the
together with the 95% and 5% confidence intervals in dashed curves,
MEPS had better probabilistic forewhere the difference F(A,B) is defined in the text. Both scores are
casts with significantly lower CRPS
for 6-hourly accumulated precipitation forecasts and as a function
than the global EPS. Figure 9 shows
of forecast/verification periods [1) 0–6, 2) 6–12, 3) 12–18, 4) 18–24,
that the MEPS had significantly less
5) 24–30, and 6)30–36 h]. Confidence intervals are calculated based
bias and better dispersion attributes
on the bootstrap technique, after Li et al. (2012).
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Fig. 10. Absolute errors of the ensemble mean forecast
for (a) 2-m temperature and (b) 2-m RH after bias correction, showing that the combined grand ensemble
(thick green curve) outperforms each of the six individual participating MEPSs. The verification period is
from 29 Jul to 24 Aug 2008. Surface observations from
400 stations (Fig. 3) were used as truth.

The reason why the combined EPS worked better
than any individual EPS is at least partially due to
the model bias cancellation during the process of
combination, as revealed by NCEP’s study (Fig. 11).
Figure 11 shows that the ensemble mean 2-m relative
humidity forecast from the two-model-based (NMM
and ARW) NCEP-MEPS is generally much more
accurate than that of any of the two individual components (NMM-EPS and ARW-EPS) because of the
opposing biases of the two components (a wet bias in
the NMM model and dry bias in the ARW model).
However, one concern related to this bias-cancellation
behavior of the multimodel ensemble is a possible
spuriously larger ensemble spread (Fig. 14a could
be an example of this where the two distinct groups
were caused by multiphysics), especially when an EPS
is already overly dispersive. A forecast bias correction should be able to address this concern to some
degree and therefore generally improve the quality of
a multimodel EPS. This will be discussed in the next
subsection. However, if an EPS is underdispersive
(which is normally the case for current EPSs), then the
multimodel approach could greatly improve ensemble
spread too, as demonstrated by Fig. 12. Figure 12
shows the spread-skill consistency or ratio of the
root-mean-square error (rmse) of the ensemble mean
forecast to ensemble spread for the 2-m temperature
derived from the NCEP-MEPS, where a perfect ratio
(indicating “perfect spread”) should be 1.0 if the
magnitude of ensemble spread perfectly matches that
of the ensemble mean error averaged over the verification domain (>1.0 indicating underdispersive and
<1.0 overdispersive spread). The result shows that the

where the positive (negative) value of F(A, B) indicates B is a better (worse) dispersion measure than
A. A more comprehensive verification comparing
the TIGGE forecasts and B08RDP MEPS forecasts
during the Olympic Games is underway.
To examine if the combined
multicenter MEPS outperforms any
single-center MEPS, a study was carried out based on the 2008 experimental period (29 July–24 August).
Figure 10 depicts the absolute errors
of ensemble mean forecasts from the
combined and individual MEPSs
for 2-m temperature and relative
humidity. It indicates that a combination of the six MEPSs does show
improved objective verification
measures when compared to each
individual MEPS. The surface observation from the 400 stations (Fig. 3)
Fig. 11. Daily evolution of mean error (bias) of 2-m RH from the NMM
is used in the above verification, and
control member (red), ARW control member (blue), and ensemble
the model bias has been corrected for
mean (black) of 10 NCEP-MEPS members (five NMM members
each MEPS before combining them.
and five ARW members) during the period from mid-May to early
More detailed results from this study
Sep 2008. Here, NCEP analysis was used as truth and the zero line
can be found in Li and Ma (2009).
represents no bias.
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combined two-model NCEP-MEPS has much better
spread (the ratio being closer to 1.0) than either of
the two subcomponents (NMM-EPS and ARW-EPS).
Using the same B08RDP NCEP-EPS dataset, Zhou
and Du (2010) further demonstrated the obvious
benefit of a multimodel EPS over a single-model EPS
in predicting fog.
Although a multimodel approach is generally
effective in improving performance and is valuable in
practice, the question of whether a multimodel EPS
with no model bias in each participating model would
still be beneficial compared to a single-model EPS is an
issue of practical importance and needs to be carefully
studied. Preliminary results from the NCEP-MEPS
(e.g., cf. Figs. 13b,a) does seem to suggest that the impact from a multimodel approach was reduced after
model biases are removed from the two participating
models, whereas Fig. 10 shows
that the benefit could still remain
high even if each participating
model’s bias was corrected (not
perfectly though) before combining models. Another interesting
fact noticed from Fig. 13a is that,
unlike the obvious bias-cancellation situation shown in Fig. 11
(where the two-model combined
ensemble outperformed both participating single-model ensembles), when the two participating
models have strong but same-sign
(cold bias in this case) biases, the
two-model combined ensemble
mean did not actually outperform
the better-performing model but
did outperform the worst of the
two models.
Bias correction. The verification
results from the first (2006) and
second (2007) experiments indicated that each system suffered
from various forecast biases. A
bias-correction method based
on an adaptive (Kalman filter
type) algorithm (Cui et al. 2005)
was then applied to the 2008
experiment, which improved the
various forecast products generated from the MEPSs. A detailed
discussion of this bias-correction
algorithm is also described in Du
and Zhou (2011).
AMERICAN METEOROLOGICAL SOCIETY

In the experiment with NCEP-MEPS based on the
2008 dataset, it is found that model bias is a major
factor contributing to the total forecast error of 2-m
temperature. For example, both NMM and ARW
members have strong cold bias in their 2-m temperature forecasts (Fig. 13a). Figure 13a shows that a
significant portion of the total error of the ensemble
mean forecast (2.0°C on average) stems from model
bias (−1.4°C, not shown). As expected, the total forecast error was greatly reduced, from 2.0° to 1.3°C on
average, after the model bias was removed (Fig. 13b).
Removing model bias can also greatly improve the
ensemble spread-skill consistency (Fig. 12). In the
experiment with NMC-MEPS based on the 2007
dataset, Fig. 14 illustrates the impacts of applying a
bias correction to the 2-m temperature forecast for all
members. It also shows that the forecast error in each

Fig. 12. Daily evolution of spread-skill consistency of 2-m temperature
during the period from mid-May to early Sep 2008, where the red curve
is for 5-member NMM-EPS, the blue curve is for 5-member ARW-EPS,
and the black curve is for the NMM-EPS and ARW-EPS combined
10-member NCEP MEPS. (top) The raw ensembles and (bottom) the
bias-corrected ensembles. Here, the NCEP analysis was used as truth
and the perfect consistency value (indicating perfect spread) is 1.0
(refer to text).
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filter (LETKF) using NHM. The
GSV method generally performed
well with regard to ensemble mean
rmses, large growth rates of ensemble spread through the 36-h forecast
period, and high detection rates and
high BSSs for light rain, whereas
the mesoscale model-based initial
perturbation methods showed good
detection rates and BSSs for intense
rain. Readers are referred to Saito
et al. (2010, 2011a) for the details of
this work. Several other participants
also tested various IC perturbation
schemes. For example, EC compared regional moist targeted SV
perturbations (Li et al. 2008) with
downscaled global EnKF perturbations. Both ZAMG and MRI/JMA
tested “blended” IC perturbations
from a larger-scale global model and
small-scale regional model (Wang
et al. 2011; Ono et al. 2010). NMC
tested ensemble transform (ET) IC
perturbations with its global EPS,
whereas CAMS tested SV and ETKF
IC perturbations using its GRAPES
model. Two LBC perturbation strateFig . 13. Daily evolution of the rmses of ensemble mean forecasts
gies with an operational global EPS
of 2-m temperature from the 5-member NMM-EPS (red curve),
and targeted SV-based global EPS
5-member ARW-EPS (blue curve), and combined 10-member NCEPwere tested with MRI/JMA-MEPS.
MEPS (black curve) from mid-May to early Sep 2010. (top) Before bias
correction and (bottom) after bias correction. The NCEP analysis
The effect of lateral boundary perwas used as truth.
turbations on the breeding method
and LETKF was also examined for
member could be effectively reduced by removing the the MRI/JMA-MEPS (Saito et al. 2012).
systematic bias.
Surface or near-surface variables including precipitation are often the main focus of an MEPS. It was
E nsemble perturbation techniques . Ensemble per- noticed that underdispersion at or near the surface was
turbation techniques are key to a good EPS. During a common problem for all MEPSs. An adequate reprethe course of the B08RDP project, various perturba- sentation of uncertainties at or near the lower boundtion techniques related to ICs, LBCs, land surface ary (both IC and model) is becoming an important
initial states, and model physics were developed and aspect of system development. Therefore, a few tests
tested.
were carried out in this regard during B08RDP. For
Five initial perturbation methods for MEPS were example, MRI/JMA tested a technique of perturbing
developed for B08RDP and compared by MRI/JMA: initial soil temperatures for the lowest atmospheric
1) a downscaling method from the JMA’s operational model level by using a statistical relationship (Seko
one-week EPS (WEP), 2) a targeted global model 2010a). ZAMG also developed a noncycling breeding
singular vector (GSV) method, 3) a mesoscale model method to perturb land surface initial states (Wang
singular vector (MSV) method based on the adjoint et al. 2010). Both tests suggested that perturbing land
model of the NHM, 4) a mesoscale breeding growing surface initial conditions can partially improve the
mode (MBD) method based on the NHM forecast, ensemble spread of near-surface variables.
and 5) a local ensemble transform (LET) method
For model physics, besides the multimodel and
based on the local ensemble transform Kalman multiphysics approaches, EC also tested stochastic
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perturbations of both model physical parameters and
model physical tendencies. Stochastic perturbations
of various surface parameters were also tested with
the EC-MEPS. From the B08RDP intercomparison
study (Kunii et al. 2011), it is noticed that although
the impact of physics perturbations is significant,
the ensemble mean forecast error in some systems
after adding physics perturbation was worse than
that of its control forecast. This result suggests that
it is necessary to pay careful attention to the design
of the physical perturbation.
D ownscaling , forecast applications , and data
assimilation . Both NMC and NCEP tested a dualresolution hybrid method (Du 2004) to dynamically
downscale their global EPS. The method has now
been operationally implemented at NCEP for both
global and regional EPSs. The B08RDP dataset is a
valuable asset and publically available to the scientific research community for further research. For
example, the B08RDP dataset has been used to investigate various forecast issues, such as for ensemble fog
prediction (Zhou and Du 2010).
A mesoscale data assimilation experiment was performed by MRI/JMA (Kunii et al. 2010). The JMA mesoscale four-dimensional variational data assimilation
(4DVAR) analysis system was modified and utilized
to produce accurate initial fields over China. In addition to the conventional observations, precipitation
data observed by rain gauges over China (Fig. 3) were
assimilated as well as data produced from a nowcasting
system of the Australian Bureau of Meteorology.
This experiment shows that the analysis system with
rainfall data outperformed other analyses such as the
mesoscale analysis without precipitation data and

the JMA global analysis in quantitative precipitation
forecasts. The details of this research can be found in
Kunii et al. (2010). NMC/CMA also upgraded its data
assimilation system from optimal interpolation (OI)
to the 3DVAR-based spectral statistical interpolation
(SSI; Parrish and Derber 1992) technique to improve
its model performance during B08RDP.
Storm-scale (3 km) ensemble modeling. As discussed
in the “Description of B08RPD” section, tier 2 of
B08RDP focused on simulations and tests at the high
end of the meso-gamma scale. Ensemble experiments
of selected high-impact weather cases were carried
out at MRI/JMA using a model with a horizontal
grid interval of 3 km (Seko et al. 2008; Seko 2010b). A
squall line on 1 August 2006 and a thunderstorm on
30 July 2007 were chosen as the targets. Downscaling
experiments for these two events were conducted
with a domain that covered 600 km × 600 km around
Beijing. The initial and boundary conditions were
produced by horizontal and temporal interpolation
of the tier 1 (i.e., 15-km MRI/JMA-MEPS) ensemble
outputs from the 2007 experiment. Figure 15 shows
the comparison between the tier 2 and tier 1 rainfall
amounts. Tier 2’s total rainfall amounts were similar to those of tier 1, but tier 2’s maximum rainfall
amounts were larger than tier 1’s maximum amounts,
and the region with rainfall exceeding 1 mm in 3 h–2
was smaller in tier 2 than in tier 1. These results indicate that the higher-resolution model rainfalls were
more concentrated in specific areas and more intense
than those from the lower-resolution model. This
result is supported by the rainfall amount ranking,
which shows that the intense tier 2’s rain ranked
higher than the tier 1’s rain.

Fig. 14. The 2-m temperature error (difference between forecast and observation) of all members for NMCMEPS (a) without and (b) with bias correction during the period of 15–24 Aug 2007. The observation from the
400 surface stations was used as truth.
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system during the three
experimental periods are
summarized in Tables 2–7
to show their evolution. It
was an important accomplishment that each MEPS
benefited from participating in B08RDP.
Both the NMC-MEPS
(Table 2) and CAMS-MEPS
(Table 3) got their LBCs
f rom CM A’s BV-ba sed
g loba l EPS (T 213L 31).
During the B08RDP, this
global ensemble system
was upgraded. Its assimilation system started using
the SSI 3DVAR technique
instead of OI. This led to
a corresponding improveFig. 15. Comparison of rainfall forecasts between the tier 1 (15 km) and tier
ment in the two above2 (3 km) experiments: (a) total 3-h rainfall, (b) maximum 3-h rainfall, and (c)
mentioned MEPSs. NMC
the area in which the 3-h rainfall exceeded 1.0 mm. (d) Ranking of 3-h rainfalls.
The rainfall rank is shown on the horizontal axis, after Seko (2010b).
also undertook other research activities related to
Accelerating the transition from research to operation. At ensemble forecasting. For instance, tests with the
the beginning of B08RDP the NCEP-MEPS was the ET IC perturbation technique within the global EPS
only MEPS based on an operational model, the NCEP and tests with a dual-resolution hybrid method (Du
SREF system for North America (Du and Tracton 2004) incorporating high-resolution control run
2001; Du et al. 2006, 2009). The other five MEPSs were information (T639L60) and low-resolution ensemble
not operational but were at different stages of devel- perturbation information (T213L31) were made.
opment. It was the B08RDP project that accelerated For the CAMS-MEPS, the SV and ETKF methods
the pace of the development for these nonoperational were tested based on the GRAPES model. Based on
MEPSs to become operational. Each of these MEPSs the B08RDP test results, the NMC-MEPS domain
has experienced significant improvements during has been expanded to cover all of China, and it has
the span of B08RDP. These improvements are in been running in real-time mode since July 2010. In
various aspects, including the analyses, perturbation November 2010, the system was stable enough to be
strategies for IC/LBC and model, and model phys- declared as having reoperational status. The CAMS/
ics and numerics. The main characteristics of each CMA-MEPS is now being tested using a singular
Table 2. Technical progress for the NMC/CMA-MEPS during B08RDP.
2006

2007

2008

Model member size

ARW-WRF V2.1 15

ARW-WRF V2.1 15

ARW-WRF V2.2 15

IC

WRF-3DVAR

WRF-3DVAR

WRF-3DVAR (with more
observations assimilated)

IC perturbation

BV

BV

BV

Model perturbation

Multiphysics

Multiphysics

Multiphysics (optimized)

LBC and
LBC perturbation

BV-based CMA GEPS
(T213L31), initialized by
OI system

BV-based CMA GEPS
(T213L31), initialized by
OI system

BV-based CMA GEPS, initialized by
SSI 3DVAR system

Others

396 |

The testing of ET method in the GEPS;
the testing of hybrid ensemble technique

march 2012
Unauthenticated | Downloaded 01/09/23 09:09 PM UTC

vector approach as the IC perturbations for future
operations.
In the MRI/JMA-MEPS (Table 4), the IC perturbations in 2006 were from downscaled perturbations
from the operational JMA global EPS. The global
targeted SV perturbations were applied in 2007 and
2008. Moreover, two LBC perturbation strategies
were tested. In the MRI/JMA-MEPS, the technique
of perturbing initial soil temperatures of the lowest
atmospheric model level using a statistical relationship was developed and used in 2007 and 2008 (Seko
2010a). The forecast model was also upgraded (Hara
et al. 2010). Based on the findings from B08RDP, JMA
has been developing a regional MEPS scheduled to
be implemented operationally in 2013. A method of
blending the global model singular vectors and the
mesoscale model singular vectors has been developed
(Ono et al. 2010). Another EPS using an incremental
approach with LETKF has also been developed at
JMA (Fujita et al. 2009). This incremental LETKF system will be tested as the prototype of a future cloud-

resolving ensemble system on their next-generation
super computer “K” (Saito et al. 2011b).
The perturbation strategies of the EC-MEPS
(Table 5) went through two stages regarding the
use of different initial perturbations. Moist targeted
SV perturbations were used in the 2006 and 2007
experimental periods (Li et al. 2008), and EnKF
perturbations downscaled from the Canadian global
EPS were used in 2008 along with an upgrade of the
Canadian global EPS for the LBCs. For the representation of model error, stochastic perturbations on
model physical parameters were used in 2006 and
2007, whereas stochastic perturbations on model
physical tendencies were applied in 2008. Moreover,
applying stochastic perturbations to various surface
parameters was tested during the 2008 experiment.
Based on the B08RDP test results, this regional EPS
was implemented to be used operationally over the
North America domain in November 2011.
As shown in Table 6, the IC perturbation strategies
of the ZAMG-MEPS went through major technical

Table 3. As in Table 2, but for the CAMS/CMA-MEPS.
2006

2007

2008

Model member size

GRAPES-Meso 9

GRAPES-Meso 9

GRAPES-Meso 9

IC

GRAPES-3DVAR

GRAPES-3DVAR

GRAPES-3DVAR

IC perturbation

BV

BV

BV

Model perturbation

Multiphysics

Multiphysics

Multiphysics

None

BV-based CMA GEPS
(T213L31),* initialized by
OI system

BV-based CMA GEPS
(T213L31),* initialized by SSI
3DVAR system

LBC and LBC perturbation

The testing of SV and ENTF technique based on GRAPES
model

Other

*T213L31 indicates spectral truncation T123 with 19 vertical levels.

Table 4. As in Table 2, but for the MRI/JMA-MEPS.
2006

2007

2008

Model member size

NHM as of Mar 2006 11

NHM as of May 2007 11

NHM as of Aug 2008 11

IC

JMA regional 4DVAR
(40 km)

JMA regional 4DVAR
(40 km)

Meso 4DVAR analysis for
Beijing area (20 km)
(Kunii et al. 2010)

IC perturbation

Downscale of JMA GEPS

Targeted moist global SV
(T63L40)

Targeted moist global SV
(T63L40)

Model perturbation

None

None

None

LBC and LBC
perturbation

JMA RSM forecast (20 km
L40) SV-based GEPS none

JMA RSM forecast (20 km
L40) SV-based GEPS none

JMA GSM forecast
(TL959L60)* SV-based GEPS

Others

Initial perturbation on four-layer
prognostic soil temperature

*TL959 indicates spectral triangular truncation T959 with linear grid.
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Table 5. As in Table 2, but for the EC-MEPS.
2006

2007

2008

Model member size

GEM-LAM 16

GEM-LAM 16

GEM-LAM 21

IC

GEM-3DVAR
(100-km L28)

GEM-3DVAR
(100-km L28)

GEM EnKF assimilation system
(100-km L28)

IC perturbation

Targeted moist global SV
(1.5° L28)

Targeted moist global SV
(1.5° L28)

Global EnKF (100-km L28)

Model perturbation

Stochastic perturbation
on physical parameters

Stochastic perturbation
on physical parameters

Stochastic perturbation on model
physical tendencies

LBCs and
LBC perturbation

SV-based GEM ensemble
(100-km L28)

SV-based GEM ensemble
(100-km L28)

EnKF-based EC GEPS
(100-km L28)

Others

Stochastic perturbation on
parameters related to surface
scheme

changes during B08RDP. In 2007, a simple approach Training forecasters in using forecast uncertainty informabased on using SV perturbed ICs from the ECWMF tion. Training forecasters to use mesoscale ensemble
global EPS was tested. A newly developed blending prediction products and making them aware of foretechnique was used in 2008. It combines large-scale cast uncertainty issues was one of the major goals of
features resolved by globally perturbed analyses B08RDP. This goal was achieved mainly through the
(ECMWF EPS members generated from SVs) with following two ways. One was the routine utilization
the small-scale features provided by LAM perturbed of ensemble products as well as comparing ensemble
analyses (ALADIN BV). Furthermore, a new strategy products with deterministic ones in the forecaster’s
for perturbing surface initial conditions called non- daily operations to have forecasters develop a certain
cycling surface breeding (NCSB; Wang et al. 2010) has degree of confidence in ensemble products. This
been proposed and implemented in the ZAMG-MEPS aspect was described in the “Providing value-added
for B08RDP. After the B08RDP, this regional EPS was service to the Olympic Games” subsection. For eximplemented operationally in 2009.
ample, the Olympic opening ceremony rehearsal
The NCEP-MEPS of 2006 was constructed case greatly helped to boost forecasters’ confidence
from the operational SREF system and used two in MEPS products. As a matter of fact, with this case
models (ARW-WRF and WRF-NMM). Although the advantage in having MEPS products in addition to
no upgrade was made because the NCEP system deterministic operational forecasts when predicting
was already operational at the time, a dynamical complex small-scale summer systems over the Beijing
downscaling method was tested during the 2007 area became well accepted among forecasters.
experiment. Instead of running MEPS members,
The other way was through special training on
10 members of the T126 NCEP global ensemble EPS concepts and ensemble products. During the
system were dynamically downscaled to a T284 implementation of B08RDP, a number of training
resolution using the hybrid ensembling method (Du workshops and lectures on EPSs and their products
2004). This provided an opportunity to compare were held in China with cooperation from the WMO,
t he reg iona l EPS a nd
global EPS for the group
Table 6. As in Table 2, but for the ZAMG-MEPS.
(Table 7). In addition, a
2006
2007
2008
new multivariable-based
fog-prediction algorithm
Model member size
—
ALADIN (15-km L37) 18 ALADIN (15-km L37) 17
has been tested using the
IC
—
ECMWF global 4DVAR
ECMWF global 4DVAR
2008 NCEP-MEPS data
Blending ECMWF global
IC perturbation
—
ECMWF global SV
before it was operationSV with ALADIN BV
ally implemented in the
Model perturbation
—
None
Multiphysics
NCEP SREF for probaLBCs
and
LBC
bilistic aviation weather
—
ECMWF SV-based GEPS
ECMWF SV-based GEPS
perturbation
forecasts (Zhou and Du
Others
ET/ETKF/SV are testing
2010).
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CMA, and B08RDP’s participating countries. In
April 2005, a regional WMO training workshop on
EPS for developing countries was held in Shanghai,
China. A number of lectures on EPS were given in this
workshop by Peter Chen (WMO Secretariat), Anders
Persson [Sveriges Meteorologiska och Hydrologiska
Institut (SMHI), Sweden; formerly ECMWF], Richard
Grumm [National Oceanic and Atmospheric Administration (NOAA), United States], Masayuki Kyouda
(JMA, Japan), Hee-Dong Yoo (Korean Meteorological
Administration, South Korea), and Alberto Arribas
(Met Office, United Kingdom). This first major training workshop was attended mainly by EPS developers
and forecasters from the national forecast center in
China: for example, the scientists developing the
MEPS at CMA and some NMC/CMA forecasters. The
second major EPS training session was held in Beijing
in September 2007 and was attended by a much
wider audience, including forecasters from different
provinces around China. Herbert Gmoser (ZAMG),
Richard Grumm (NOAA), and many scientists from
CMA shared their experiences on how to use and
interpret ensemble products in daily forecasts under
various weather situations. Moreover, B08RDP has
also launched several other smaller-scale training
courses at NMC and the CMA training center by EPS
researchers of NMC/CMA to train local forecasters
to understand and use ensemble products.
SUMMARY AND DISCUSSION. This paper
has reviewed the background, objectives, implementation, the six participating mesoscale ensemble
prediction systems (MEPS), and accomplishments of
the WMO WWRP Beijing 2008 Olympics Research
and Development Project (B08RDP) for mesoscale
ensemble forecasting. B08RDP brought together
scientists in the field of mesoscale ensemble forecasting from around the world to study, develop,
and apply probabilistic regional predictions in the

context of the 2008 Beijing Olympic Games. It also
demonstrated the value added from the application
of MEPS to support high-impact weather forecasts
during the Beijing Olympic Games. The mesoscale
probabilistic information and related products derived from the MEPSs were found to be valuable in
improving the prediction skill for high-impact and
severe weather. In fact, during the 2008 experiment
(25 July–24 August 2008), the MEPSs captured almost
all the main precipitation events.
In addition to the value-added service provided
to the Olympic Games, research activities related
to MEPS were carried out during the course of
B08RDP, in the areas of verification, examining
the value of MEPS relative to other NWP systems,
combining multimodel or multicenter ensembles,
bias correction, ensemble perturbations (IC, LBC,
land surface IC, and model physics), downscaling,
forecast applications, data assimilation, and stormscale ensemble modeling. These research activities
directly impacted an acceleration of the transition
from research to operations. Prior to B08RDP, only
one of the MEPS systems (NCEP-MEPS) was used
in real-time operations. Now, in contrast, the other
five MEPS systems have either been implemented
as operational systems (ZAMG-MEPS 2009; NMCMEPS 2010; EC-MEPS 2011), or are scheduled to be
operationally implemented in the near future (MRI/
JMA-MEPS in 2013; CAMS/CMA-MEPS in a few
years). Also through these research activities, seven
outstanding scientific issues have been identified as
being important for mesoscale ensemble forecasting and need to be investigated in future studies. 1)
Underdispersion is a common problem for surface
or near-surface variables, including precipitation,
which suggests that an adequate representation of
uncertainties at and near the lower boundary (both IC
and model) should be important. 2) Stochastic physical perturbation is a promising and rapidly growing

Table 7. As in Table 2, but for the NCEP-MEPS.
2006

2007

2008

Model member size

ARW-WRF,
WRF-NMM 10

NCEP T126 GEPS
(T126L28) 10

ARW-WRF,
WRF-NMM 10

IC

NCEP global 3DVAR

NCEP global 3DVAR

NCEP global 3DVAR

IC perturbation

BV

BV

BV

Model perturbation

Multimodel

None

Multimodel

NCEP GEPS (T126L28)

NCEP ET-based GEPS
(T126L28)

NCEP ET-based GEPS
(T216L28)

LBCs and LBC perturbation
Others

The dynamical downscaling approach (Du 2004) by combining T284 GFS forecast
and T126 global ensemble members was applied in the 2007 experiment
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area; currently it provides improvements but tends to
degrade individual model performance, and it cannot
fully cover the uncertainty space mapped by multimodel or multiphysics methods. 3) How to optimally
combine or extract useful information from multimodel or multicenter ensembles is an area that needs
further testing (e.g., Du and Zhou 2011). Issues such
as how bias affects the improvements of both forecast
accuracy and ensemble spread need more investigation. 4) Sophisticated postprocessing methods (such
as error correction in the first, second, and higher
moments) for mesoscale ensemble forecasts are still
lacking. 5) Storm-scale ensemble modeling is promising for HIW events, but the related perturbation
techniques are lacking. 6) It is not clear what would
be the optimal way to couple a regional EPS with a
global EPS. 7) Verification metrics for MEPS would
benefit from newer methods such as object-oriented
approaches or pattern recognition theories (Ebert and
Gallus 2009; Ahijevych et al. 2009).
In order to render the MEPS forecasts useful
to operational forecasters of the Olympic Games,
the following three efforts were made in B08RDP:
developing effective ensemble products, training
forecasters in using ensemble products, and enabling
close communication between EPS developers and
forecasters. These efforts helped forecasters to
effectively use ensemble products during the Olympic
Games. However, despite the appealing nature of
forecast uncertainty and the generally high-quality
products provided by the super multimesoscale
ensemble during the Olympic Games, it is clear that
the daily use of ensemble products by average NMC
forecasters still remains a challenge. It is realized
that the development of forecaster-friendly ensemble
products and related training activities should be a
long-term effort and needs to be continuously enhanced, particularly, the complex decision-making
processes when probabilistic information for HIW
needs further exploration and further development
(Du and Deng 2010).
B08RDP was the first time that several national
meteorological centers joined their efforts around
the same application platform and applied their
mesoscale ensemble products to near-real-time
forecasting under a quasi-operational environment.
The research topics and applications explored during
B08RDP are also listed as ongoing objectives of
THORPEX Interactive Grand Global Ensemble—
Limited Area Models (TIGGE-LAM; www.smr
.arpa.emr.it/tiggelam). In a sense, B08RDP could be
considered as an initial prototype of the TIGGELAM program. The B08RDP experience could also
400 |

be useful for the operation-oriented North American
Ensemble Forecast System—Limited Area Models
(NAEFS-LAM) project (contact Martin Charron of
CMC and Jun Du of NCEP for details). The seven
outstanding research issues identified could also be
considered by the broader regional ensemble research
community as common challenges. The B08RDP
dataset is a shareable database available to the entire
scientific community for further research.
In summary, the following five goals have been
accomplished by B08RDP: 1) providing a valueadded service to the Olympic Games, 2) advancing
MEPS-related research, 3) accelerating the transition
from research to operations, 4) training forecasters in
utilizing ensemble and forecast uncertainty products,
and 5) providing a valuable dataset to the research
community for further research as well as experience
to guide future similar activities.
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