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Summary and purpose of document
Applications of EPS to tropical cyclone forecasting in East Asia
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ACTION PROPOSED
The meeting is invited to review the document and consider input to its conclusions and recommendations as appropriate. 

1.
Introduction
JMA operates ensemble prediction systems (EPSs) for one-week, one-month and seasonal forecasts.  And, JMA makes ensemble track data derived from numerical weather prediction (NWP) model outputs.  JMA provides forecasters, the specific users and NHMSs with EPS products in mitigation of disasters.

In this document, the operational and trial uses of EPS with emphasis on TC forecasting are described.  In Section 2, the One-week EPS is briefly explained.  In Section 3, some products for NHMSs based on the One-week EPS and multi-center ensemble at JMA are introduced.  In Section 4, the recent developments on the applications to TC forecasting at the Hong Kong Obserbatory (HKO) and JMA are introduced.  Moreover, a down scaling experiment for severe weather events is also introduced.  Future plans of JMA EPSs and their applications are described in Section 5. 

2.
JMA One-week EPS
JMA launched its operational EPSs for one-month forecast, one-week forecast, and seasonal forecasts in March of 1996, 2001, and 2003, respectively.  At present, the suite of JMA EPSs covers a wide range of forecast periods from early medium-range forecast to seasonal forecast.  The frequency of operation is different among the EPSs, with only the One-week EPS running daily.  Products derived from the One-week EPS are routinely used for medium-range forecasting.

The low-resolution version of JMA Global Spectral Model (T106L40) is used in the One-week EPS.  Generated by a breeding method, 25 initial conditions are used for producing an ensemble of 9 day forecasts to assess the sensitivity of numerical weather forecast to initial uncertainties.

[image: image3.wmf]Fig.1 shows the Brier skill scores (BSSs) of probabilistic forecast in PMSL fields. The BBSs from for the latest three year period are positive for the forecasts up to 216 hours, indicating that the One-week EPS is capable of providing skillful daily probability for the medium-range forecasts.
3.
Products and Availability
JMA operates several sites to provide the information on an EPS and the EPS products to the NMHSs of WMO.
All products for the One-month and Seasonal EPSs are made available on the Tokyo Climate Center (TCC) Web site (http://okdk.kishou.go.jp/).  The verifications of the EPSs are performed in accordance with the Standardized Verification System for Long-range Forecasts  (http://www.wmo.int/web/www/DPS/LRF/LRF-verification-systems.html).   These results are also available on the same TCC Web site.

For the One-week EPS, there are several ways to access its daily EPS products.  Global gridded data of the ensemble mean and spread are available at the JMA RSMC Data Serving System via Internet to retrieve.  Global gridded data of all ensemble members in GRIB format are regularly distributed to KMA and NCEP via an JMA Internet ftp site on a research basis.  Starting from April 2005, the data subset over the South China Sea are routinely provided in GRIB2 format to HKO via the GTS.  HKO also receives via the GTS additional EPS forecast data (interpolated from the original gridded data and encoded in BUFR format) at four points in the vicinity of Hong Kong.  Figure 2 shows an example of such EPS point-forecast products visualized in form of EPS meteograms at HKO.

[image: image4.wmf]The One-week EPS products in graphical format are routinely available for access by NHMSs on the JMA medium-range EPS Web site (http://eps.kishou.go.jp/EPSMRF/).  Figure 3 shows an example of the products on the Web site.  Table.1 lists the product suite in details.  The EPS verification results of the One-week EPS are also available on the JMA EPS Verification Web site (http://epsv.kishou.go.jp/EPSproducer/).

Ensemble TC track information encoded in BUFR format is provided to HKO via another Internet ftp site on a research basis (see Section 4 below for further details).
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[image: image6.wmf]JMA has been operating the Numerical Typhoon Prediction Web site since October 2004 to improve TC forecasts and warnings at NHMSs of the ESCAP/WMO Typhoon Committee.  The Web site not only displays TC activities in the western North Pacific but also provides the data (latitude, longitude) of the TC positions by JMA TC position tracker to NWP model outputs.  Users can obtain an ensemble mean from an arbitary combination of NWP models with output in both digital and graphical forms (See Figure 4).
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4. Recent research developments on EPS TC forecasting
JMA produces on an experimental basis forecasters, specific users and NHMSs with the following forecast guidance on TC forecasting based on the One-week EPS;
· Strike probability of TC center

· Potential index of heavy rain and drought

They are useful to detect the possibility of severe weather events in medium-range.  They may also be helpful for end users to understand the predictability of severe weather events with a sufficient lead-time.

When a TC approaches Japan, JMA issues quantitative forecasts such as the maximum rainfall amount in each regional area.  JMA is developing new techniques in order to promote the application of EPS to the quantitative level. 
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Under a cooperative research project between HKO and JMA on the utilization and verification of the ensemble TC data derived from the One-week EPS, a number of automatic algorithms have been developed at HKO for processing TC ensemble data.  TC track ensemble segregation based on a hierarchical clustering technique forms a basic algorithm which provides important information on possible track scenarios and is a pre-requisite for other processing techniques.  Figure 5 shows an example of a TC track ensemble being segregated into three clusters.  Red, yellow and green colors flag the three clusters in decreasing ensemble size.  Juding from the relative sizes of the clusters, only two major scenarios may be deduced, namely TC recurving and moving to Japan (the red cluster) and TC tracking west and moving towards the southern part of China (the yellow cluster).  Through ensemble segregation, two useful forecast guidance may then be provided to forecasters:  (a) an objective assessment of the more probable TC track (and hence the implied local weather forecast) scenarios, and (b) evaluation of the worst-case scenario which may or may not be the largest cluster.
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Even if the worst-case scenario is correctly chosen by some means, the current configuration (spatial resolution, precipitation physics, etc) of the One-week EPS, however, is not adequate to predict the severity of the resulting weather events.  Figure 6 shows the ensemble tracks 24 hours before a TC over the NW Pacific made landfall over Japan.  The control forecast (red line) almost runs along the central course in the track ensemble, hinting that the TC will hit the central part of Japan.  However, the observed track (black line) actually hit Kanto, traversing the Tokyo metropolitan area.  Only a few eastern tracks of the ensemble support such a scenario.  Figures 7(a) and 7(b) show the PMSL field and 6-hour accumulated rainfall distribution associated with a perturbed forecast of which track is the most eastern one in the ensemble tracks.  Although this track is close to the observed one, the fidelity of the associated forecast fields is not high enough to pinpoint where the heavy rainfall such as orographic rainfall will occur.  A down scale experiment is conducted with JMA nonhydrostatic mesoscale model (MSM).  The One-week EPS data are used as initial and boundary conditions.  The model specifications of MSM are idential to the operational settings (i.e. 10 km horizontal resolution, 361x289 horizontal grid points and 40 vertical levels).  Figure 7(c) shows PMSL and 6-hour accumulated rainfall predicted by MSM, indicating that heavy rainfall over Honshu will mainly occur on the Pacific side and be less likely on the side bordering the Sea of Japan.  Results show that the down scale technique enables us to identify the orographic and band-shaped rainfall area.


5. Plans for TC forecasting
JMA will enhance the ensemble size of the One-week EPS from 25 up to 51 in March of 2006.  Figure 8 shows two examples of TC track forecasts derived from an experimental One-week EPS with 51 members.  It is evident from the exampes that a 51-member ensemble potentially can have higher capability to capture the observed track. 

At present, JMA issues TC forecast positions as geographical circles, within which a TC center is expected to be found with 70% probability.  The centers of such circle are basically determined from the TC positions forecasted by a deterministic TC model (TYM).  The radii of the forecast circles are determined forecast error statistics of the TYM.  One reason why the current practice still keeps the statistical measure rather than replacing it with the theoretically more appropriate probability provided by the One-week EPS is that the operation of the EPS is not frequent enough to warrant a timely TC warning.  To this end, JMA plans to operate a new EPS for TC track forecasting in 2007.  The EPS will run four times a day up to 84 hours.  In the EPS, initial perturbations will be based on targeted moist singular vectors, which represent those directions that give maximum diabatic linear error growth around a TC over a specific forecast period.


In order to improve probabilistic forecasts of extreme weather events in medium-range, JMA also has a plan to increase the resolution of the One-week EPS model to TL319L60 in 2007.  Upon completion of the EPS model upgrade, JMA may proceed to issue a new typhoon warning such as the possibility of TC landing up to 5 days.
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Figure 3.   Example of the daily One-week EPS products in graphical format on JMA medium-range EPS Web page – Plume diagram of precipitation up to 8-day ahead at Tokyo point.  (Image source: JMA mediu-mange EPS Web page http://eps.kishou.go.jp/EPSMRF/)





Table 1.   List of the daily One-week EPS products in graphical format on JMA medium-range EPS Web site for NHMSs.


Daily EPS product�
Variable�
Area or point�
�
EPS charts�
Ensemble mean, Normalized spread, Spaghetti,


Stamp maps�
PMSL,


Z500�
Western North Pacific (100E-180,0-60N)�
�
�
�
PMSL,


Surface Wind�
South China Sea


(100-130E,5-30N)�
�
Probabilistic maps�
�
850 hPa climatological temperature anomaly greater (less) than 2,4,8(-2,-4,-8) C�
Western North Pacific,


South China Sea�
�
Point forecasts�
EPSgram


(Box plot)�
Surface, 925, 850, 700, 500, 300hPa temperature,


Precipitation rate,


MSLP�
Major cities in East Asia�
�
�
Plume diagram�
Accumulated precipitation�
�
�
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Figure 8.   Ensemble TC tracks up to 5 days derived from an experimental EPS with 51 members designed for the next operational JMA One-week EPS commencing March 2006.  Initial time is 12UTC 3rd August 2003.  Black line and color lines indicate respectively the observed track (T0310) and the forecast tracks. Left and right panels show the first 25-member tracks (same as the current operational One-week EPS) and additional 26-member tracks, respectively.
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Figure 6.   Ensemble TC tracks up to 24 hours derived from JMA One-week EPS.  Initial time is 12UTC 8th October 2004.  Black line and color lines indicate the observed track (T0422) and the forecast tracks, respectively.  Red, orange, and blue lines represent the control run, positively perturbed runs, and negatively perturbed runs, respectively.
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Figure 5.   Ensemble typhoon tracks derived from JMA One-week EPS.  Initial time is 12UTC on 8th October 2004.  Black and colored lines indicate the observed track (T0422) and ensemble tracks.  Red, orange, and blue lines represent the control run, positively perturbed run, and negatively perturbed run, respectively.
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Figure 7.   Forecast charts for T0422 starting from 12UTC 8th October 2004.  a) PMSL contours at FT=24h by the east most perturbed forecast in Figure 5. b) same run as a) but for 6-hour accumulated precipitation.  c) PMSL and 6-hour accumulated precipitation forecast at FT=24h by JMA MSM.  The initial and boundary conditions are given by the east most perturbed forecast.
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Figure 5.   A TC track ensemble for T0417 up to 9 days derived from JMA One-week EPS.  Initial time is 12UTC on 21th August 2004.  Red, yellow, and green colors flag three clusters in decreasing size based on the HKO TC track ensemble segregation algorithm.  Thick lines represent cluster means. The HKO best-track is also shown as a black line. (Image source: Hong Kong Obserbatory)
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Figure 4.   Sample of ensemble TC tracks derived from several NWP models on the JMA Numerical Typhoon Prediction Web site.
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Figure 2.   Example of daily application of JMA One-week EPS data at HKO -  EPS meteograms up to 8-day ahead at four locations near Hong Kong (“J” symbols on the middle figure of the left panel).  (Image source: Hong Kong Obserbatory)
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Figure 1.   Time series of Brier skill score for the probabilistic forecast of negative anomaly in PMSL with magnitude less than one climatological standard deviation over the Northern Hemisphere for lead times of 24, 48, 72, 96, 120,144, 168, 192, 216 hours.  The probabilistic forecasts are derived directly from JMA One-week EPS.  Verification period is from January 2003 to November 2005. Thin and thick lines indicate monthly and three-month running means, respectively. (Image source: the Lead Centre of EPS verification http://epsv.kishou.go.jp/EPSproducer/)








