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Summary and purpose of document

This document gives an overview of operational medium-range EPSs including a specialist EPS, EPS products for support to WMO Members, and plan for an integrated global EPS at JMA
Action Proposed

The meeting is invited to read the document and to open a discussion
Annex(es):
- Annex A: Specifications of One-week EPS and Typhoon EPS at JMA

- Annex B: List of the graphical data on the Internet website for JMA pilot project on EPS products

- Annex C: List of the available EPS products for SWFDP
1. Introduction

The Japan Meteorological Agency (JMA) has been developing and operating a suite of ensemble prediction system (EPS) to support the activities for disaster prevention, mitigation and weather and climate services.

JMA launched its operational EPSs for One-month Forecasts, One-week Forecasts, and 5-day tropical cyclone (TC) track forecasts in March of 1996, 2001, and 2008, respectively.

At present, 11 and 51 initial conditions are integrated by using a low-resolution version of the JMA global NWP model for producing an ensemble of 132-hour forecasts in the Typhoon EPS and 9-day forecasts in the One-week EPS, respectively.
2. Two operational medium-range EPSs : One-week EPS and Typhoon EPS

JMA operates the One-week EPS once a day from base time 12UTC with a forecast range of nine days.  JMA operates the Typhoon EPS four times a day from base times 00, 06, 12, and 18UTC at most with a forecast range of 132 hours when one of the following conditions is satisfied.
· TC of tropical storm (TS*) intensity or higher exists in the responsibility area of RSMC Tokyo – Typhoon Center (0°-60°N, 100°E-180°).

· TC is expected to reach TS intensity or higher in the area within the next 24 hours.
· TC of TS intensity or higher is expected to move into the area within the next 24 hours.
 *TS is defined as a TC with a maximum sustained wind speed of 34 knots or more and less than 48 knots.
The specifications of both EPSs are shown in Annex A.
The EPS model and the initial perturbations (IPs) generator are shared between two EPSs.  IPs are generated by Singular Vectors (SVs) method (Buizza and Palmer, 1995).  A tangent linear and its adjoint model used for the SV calculation are the same as those used in the four dimensional variational data assimilation of the JMA global NWP system.  The moist total energy norm (Ehrendorfer, 1999) is employed for the metrics of perturbation growth.  Furthermore, a formulation of uncertainties associated to physical processes (Buizza et al.,1999) is employed in the EPS model as a model ensemble method.
The verification results of the One-week EPS are published in annual WMO Technical Progress Report on GDPFS.  Furthermore, the monthly verification data are available on the Web site of the WMO/CBS Lead Centre for EPS Verification (http://epsv.kishou.go.jp/EPSv/).  The verification results of the Typhoon EPS are published in Annual Report on Activities of the RSMC Tokyo – Typhoon Center (http://www.jma.go.jp/jma/jma-eng/jma-center/rsmc-hp-pub-eg/annualreport.html).
3. Recent update of two EPSs
(a) One-week EPS

In the past two years, three updates were conducted.  In December 2010, a stochastic physics scheme was introduced as a model ensemble method in order to represent model uncertainties.  In March 2011, the amplitude of the initial perturbation (IP) was reduced, its seasonal variance was removed, and the IP was expanded into the southern hemisphere.  These revisions have made the ensemble spread more appropriate and improved the forecast skill.

(b) Typhoon EPS

In May 2010, the IP target area around the central position of TC forecasts was set as a circular region in contrast to the previous rectangular-area settings and the IP amplitude was revised.  These revisions improved the spread-skill relationship of TC track forecasting.  The stochastic physics scheme was implemented in December 2010 to enable use of the same scheme as the One-week EPS.
4. EPS product derived from the One-week EPS
(a) Gridded data for support to the Asian NHMSs of WMO Members
Global gridded data of the ensemble mean and spread are available at the JMA RSMC Data Serving System via Internet.
Starting from April 2005, the data subset over the South China Sea is routinely provided in GRIB edition 2 format to Hong Kong Observatory (HKO) via the Global Telecommunication System (GTS).  HKO also receives, via the GTS, additional EPS forecast data (the original gridded data and encoded in BUFR format) at four points in the vicinity outside of Hong Kong.
(b) Graphical data at JMA pilot project on EPS products

JMA has been providing its pilot project service of EPS guidance products, aiming at improving the EPS and increasing the availability of its products, to WMO Members via Internet since May 2006.

The service includes probability maps of 24-hour accumulated precipitation, spaghetti diagrams for 500hPa geopotential height, and time-series point guidance (EPSgrams) for major cities in Asia.  Annex B lists the product suite in details.  Feedback, especially on comparison of EPS products with local observation and actual weather, can be sent to eps-admin@naps.kishou.go.jp.

It is reported that some EPS products are used in daily forecast operation up to 3 days at Department Weather Forecast of Agency on Hydrometeorology under Ministry of Emergency Situations of the Kyrgyz Republic.  They regard the 700hPa air temperature forecast as important because the Kyrgyz Republic is a typical high-altitude country.  Their verification results show that the 700hPa air temperature forecasts match their corresponding observed data well, but a cooling bias in the surface air temperature forecast exists during the period from May to August.
(c) Graphical data for support to SWFDP

JMA participates in regional subprojects of SWFDP in RA V, SWFDDP, and SWFDP in Southeast Asia, SWFDP-SeA, as a global centre.  All products are provided in graphical format with both low and high resolutions on the dedicated webpage of JMA for SWFDP: http://ddb.kishou.go.jp/swfdp/index.html.

The list of the available EPS products for SWFDP is found in Annex C.  They are provided from 12UTC runs as the One-week EPS runs once a day.
5. Plan for an integrated EPS
Verification results of the One-week EPS show the notable steady increase in ensemble forecast skill after it became operational.
JMA plans to build up a global high-resolution EPS which covers a wide range of forecast periods from early medium-range up to two-week in the next term (2012-2017) of its super computer system (SCS).  The phased building-up operation is scheduled to aim at development and unification of operational medium-range EPSs.  The first stage scheduled at the early stage of the next SCS’s term is “high-resolution and high-frequency” as follows:

· To increase the resolution of the medium-range EPSs’ model from TL319L60 to TL479L100.

· To conduct the One-week EPS from once a day to twice a day although the forecast ensemble size is reduced by about half.

· To increase the ensemble size from 11 to 25 in the Typhoon EPS.
The second stage scheduled at the middle stage of the next SCS’s term is “forecast-range extension” as follows:
· To extend the forecast range of the One-week EPS up to 17 days.

· To introduce “Reforecasting”.
The third stage scheduled at the last stage of the next SCS’s term is “unification” as follows:
· To start operating a global high-resolution EPS to widely support the issuance of the Typhoon Bulletins (especially 5-day TC track forecasts), One-week Forecasts, and One-month Forecasts (especially Early Warning Information on Extreme Weather).
ANNEX A:  Specifications of One-week EPS and Typhoon EPS at JMA

	
	One-week EPS
	Typhoon EPS

	Integration
	Ensemble size
	51 including one unperturbed member
	11 including one unperturbed member

	
	Initial time
	12 UTC
	00, 06, 12 and 18 UTC

	
	Forecast range
	216 hours
	132 hours

	EPS model
	Forecast domain
	The whole globe by using the GSM, JMA global NWP model

	
	Horizontal resolution and grid size
	Spectral triangular truncation 319 with linear grid (TL319), reduced Gaussian grid system roughly equivalent to 0.5625(x0.5625( in latitude and longitude

	
	Vertical resolution (model top)
	60 levels (0.1 hPa)

	
	Time step
	1,200 seconds

	
	Unperturbed initial condition
	Truncated atmospheric analysis fields and interpolated land-sea analysis fields of the JMA global high-resolution NWP system

	Ensemble settings
	Initial perturbation : Singular Vector method
	Resolution
	Spectral triangular truncation 63 (T63), 40 levels

	
	
	Norm
	Moist total energy

	
	
	Target area
	Northern Hemisphere

(30(N-90(N)
	Southern Hemisphere

(30(S-90(S)
	Tropics

(30(S-30(N)
	Northwestern Pacific

(20(N-60(N, 100(E-180()
	*Vicinities of up to three TCs

	
	
	Physical Process
	**Simplified physics 
	***Full physics 
	**Simplified physics 
	***Full physics 

	
	
	Optimization Time
	48 hours
	24 hours
	24 hours
	24 hours

	
	
	Evolved SV
	Use
	Use
	No use
	No use

	
	
	Number of Perturbations
	25
	25
	10
	10 for each TC

	
	Model ensemble method
	Stochastic physics scheme


*    A 750-km-radius circle centered on the predicted typhoon position in one-day forecasting.  Up to three areas are configured for different TCs at one initial time.
**  Simplified physics: The tangent linear and its adjoint model include physical processes containing representations of surface fluxes and vertical diffusion.
*** Full physics: In addition to the simplified physics representations, gravity wave drag, large-scale condensation, long-wave radiation and deep cumulus convection are contained.
More detailed information is available at the JMA part of the latest “WMO Technical Progress Report on GDPSF and NWP Research”.  The information on the One-week EPS is also available at the standardized EPS documentation in Excel spreadsheet format at http://tigge.ecmwf.int/models.html.
ANNEX B:  List of the graphical data on the Internet website for JMA pilot project on EPS products
	Daily EPS product
	Variable
	Area or point

	EPS charts
	- Ensemble mean

- Normalized spread

- Spaghetti

- Stamp map
	- Mean-Sea-Level Pressure (MSLP)

- 500hPa geopotential height
	- Northwestern Pacific

- Asia

	
	
	- MSLP

- Surface Wind
	- South China Sea

(100(E -130(E,5(N -30(N)

	Probabilistic maps
	
	- 850 hPa temperature anomalies with thresholds (2, (4, (8 K
- Precipitation with thresholds 24, 48, 72 mm/24hours
	- Northwestern Pacific

- Asia

- Northern Hemisphere

	Point forecasts
	EPSgram

(Box plot diagram)
	- Surface, 925, 850, 700, 500, 300hPa temperature ((C)

- Precipitation rate (mm/6hr)

- MSLP (hPa)
	- Major cities in Asia

	
	Plume diagram
	Accumulated precipitation (mm)
	


	ANNEX C: List of the available EPS products for SWFDP

	For the SWFDP in Southeast Asia (product list from SWFDP RAV subproject for discussion)

	12-hourly out to 144 hours
	Availability

	Probability of 6-hour accumulated precipitation exceeding 50mm and 100mm threshold value
	YES

	Probability of 24-hour accumulated precipitation exceeding 100mm threshold value
	YES

	Probability of 10-meter wind speed exceeding 20kt and 30kt threshold value
	YES

	Probability of significant wave height exceeding 2 m, 4 m and 6 m threshold value
	NO

	Probability of significant wave period exceeding 10 s and 15 s threshold value
	NO

	Ensemble Prediction System meteograms for specified locations
	YES

	Spaghetti diagrams for 500mb geopotential height 
	YES

	Thumbnails of probability of precipitation in excess of threshold of 50mm/6h at 6 hours intervals
	YES

	ECMWF Extreme Forecast Index for precipitation and wind
	NO

	Tropical cyclone occurrence and genesis probability maps
	NO

	Tropical cyclone strike probability maps
	NO

	Tropical cyclone forecast tracks from ensemble members, including ensemble mean, deterministic and control tracks
	NO

	Tropical Cyclone Lagrangian meteograms (ECMWF)
	NO











