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Summary and purpose of document

This document is providing an updated description of the KMA Global Ensemble Prediction System, its products, and future plans.
Action Proposed
The meeting is invited to note and comment on plans.
1. Introduction
Korea Meteorological Administration (KMA) has operated a global ensemble prediction system, based on the breeding method (GBEPS) since 2001.JMA global spectral model(GSM) was used in the ensemble. Initial perturbation for 16 members are obtained using a rotated bred vector method, i.e., applying factor rotation after 12 hours of initial growth of perturbation, then fostering perturbation for another 12 hours. Global EPS runs twice a day and forecasts up to 10 days at 00 and 12 UTC to support one-week forecast. 

With the total replacement of KMA NWP system with a new system based on the UK Met Office UM, the medium range ensemble has also been replaced by a new ensemble base on MOGREPS in 2010. The operation of the new ensemble was launched in March 2011 with a horizontal resolution of N320 (40km), and 50 vertical layers. The number of vertical levels has increased to 70 in May 2011. KMA also plans to launch a regional ensemble based on MOGREPS after 2012.
2. Recent changes since ET-EPS 2009
2.1.
30 November 2010: termination of the old ensemble
Operation of the old supercomputer at KMA(CrayX1E) was temporarily suspended due to  relocation of the system to the National Supercomputer Centre in other city during December 2010. With the suspension of the old supercompuer, operation of the old ensemble was terminated on 30 November 2010 as it was not meant to be migrated to the new supercomputer. 

The forecast from the near-time test run of the new ensemble was provided to support forecasters, instead. 

2.2.
14 March 2011: official run of the new ensemble
After several months of parallel run, new ensemble based on UM (N320 L50 M24) was announced as a operational one on 14 March 2011. Annex A shows the configurations of the old and new global ensembles. Annex B shows part of the verification results of the old and new ensemble, and Met Office ensemble down loaded from TIGGE. Met Office ensemble (UM N144 L38) and KMA new ensemble (UM N320 L50) are basically the same system with different resolutions. 
The new ensemble shows mush less error and better probabilistic skill than the old one. However, they still show under-spread for most of variables, except over the Tropics in early lead time. Error-spread relation has been improved by increasing the horizontal resolution from N144 to N320 and adding 12 more levels in the vertical. N320 has less error and bigger spread (except for T850), resulting in a better error-spread relation and probabilistic scores. It is interesting that the spread of T850 remains almost same when the horizontal and vertical resolutions increase. N320 provides much more improvement over N144 in probabilistic scores than deterministic scores. 
2.3.
23 May 2011: Increase of vertical levels from 50 to 70 and other upgrades
In connection with the horizontal and vertical resolution changes in the global model (UM N320L50(N512L70), from which ensemble system gets its initial analysis and observation data, ensemble operation also has increased its vertical resolution to 70. There are lots of other changes too. Those changes are summarized in Annex A. One of the main changes are the upgrades of model and ETKF versions.
RMSE and spread as well as the probability scores for all variables considered shows improved performance of the N320L70 ensemble over the Northern Hemisphere. However, the error is almost similar over Asia while the spread has increased. The increase of spread is significant in the Southern Hemisphere for all variables. Although the spread hasn’t changed a lot, error has reduced significantly over the Tropics. 
3. Product and post processing
3.1. Operational products

The following products from global EPS are available to internal users:

· Mean and Spread for MSLP, geopotential height at 500hPa, and temperature at 850hPa

· Spread and Spaghetti for geopotential height at 500hPa

· Stamp map for geopotential height at 500hPa, control mslp and precipitation
· Probability of precipitation 

· Time series of probabilistic forecast (EPSgram) for 25 major cities
· Forecast trend with different initial times for EPSgram and probability of precipitation distribution (with observed values for the past time) 
· Tropical cyclone track and probability of strike map
KMA is one of the global centers participating Southeast Asia SWFDP and will provide KMA’s deterministic and ensemble forecast in graphical form to support the project. The list of products available from KMA ensemble is attached in Annex C.
3.2. Bias correction of 2 m temperature
Verification indicates that the new ensemble performs much better than the old ensemble over the Northern Hemisphere, but it’s not always the case over East Asia. There seems to be some bias in the lower troposphere. Several methods to correct surface temperature bias have been tested. Lagged averaging method with 30 days of training period, calculating bias using ensemble mean is chosen in the operation. RMSE was improved after bias correction mainly in the inland cities.
4. Future Plans

4.1. Extreme Forecast Index
As an effort to provide forecasters a quick guidance of the possibility of severe weather, a system to estimate and display Extreme Forecast Index (EFI) has been constructed in October 2011. Daily minimum and maximum temperature, wind gust, and daily accumulated rainfall amount are chosen as EFI variables to support one-week forecast. The first version uses a model climate estimated from a 2 year’s of ensemble reforecast using a ±15 days of window centered at the target day.
The EFI system will undergo a test run, operating once a day for 00 UTC forecast and verification and case analyses will be performed. One of the main tasks during this trial run is to find a better way to define EFI (such as modification for precipitation, a way to better represent tail areas of a PDF). Another task early next year is to improve model climate using 6 years of ensemble forecast (5 years from 2006 to 2010 using N512L70 global model reanalysis and one year of operation in 2011) to give a better reference to EFI.
4.2. Experiment of extended range forecast (up to 3 weeks)
KMA medium-range ensemble forecasts up to 10 days, and a monthly forecast system forecasts up to 32 days. As a first stage filling in this gap, an experiment to extend global ensemble’s forecast period to 3 weeks has launched in summer 2011. There will be a series of experiments to analyze the performance and usefulness for summer and winter seasons in 2011. The system will be in test run from summer 2012, forecasting 3 weeks ahead at 00UTC every day.
4.3. Installation of a hybrid data assimilation system linked to global ensemble 
KMA is going to install a hybrid global data assimilation system in collaboration with UK Met Office in 2012. Global ensemble will change its cycling period from 12 hours to 6 hours for that system. The hybrid DA system is expected to be operation in 2013.
ANNEX A: Configurations of the old and new global ensembles at KMA.
	EPS name
	GBVEPS
	MOGREPS(N320 L50 M24)
	MOGREPS(N320 L70 M24)

	Operation period
	Mar 2001- Nov 2010
	23 Mar 2011-22 May 2011 
	23 May 2011 - 

	Machine
	SX5/6, CrayX1E
	Cray XE6
	Cray XE6

	Model
	JMA GSM
	MO UM Ver 7.5
	MO UM Ver 7.7

	Data assimilation
	3DVar(self-cycle)
	Analysis from the global model (4dVar, N320L50, ver 6.6)
	Interpolated analysis from the global model (4dVar, N512L70, ver7.7)

	Initial perturbation
	Breeding
+ factor rotation
	ETKF(updated in 2009, 92 local centres, 4 vertical bands)
	ETKF(updated in 2011, 92 local centres, 4 vertical bands)

	Model error
	NO
	RP2, SKEB2
	RP2, SKEB2

	Membership
	17
	24
	24

	Resolution
	60km, 40levels
	40km, 50levels
	40km, 70levels

	Forecast length
	10days
	10days
	10days

	Initial time
	00, 12 UTC
	00, 12 UTC
	00, 12 UTC

	No of CPUs per member
	20CPU
	240 MPI cores
Ⅹ2 OMP threads
	240 MPI cores
Ⅹ3 OMP threads

	Elapsed time(control)
	40mins
	55 minutes
	60 minutes


ANNEX B: RMSE (solid lines in left panels) and spread (dashed lines in left panels), and CRPS (right panels) for geopotential height at 500-hPa(top panels), and temperature at 850-hPa(bottom panels) averaged over Northern Hemisphere. The black line represents KMA’s old ensemble, the red line new ensemble(MOGREPS-G, N320L50) installed at KMA, and the blue line MOGREPS-15 from Met Office operation (N144L38).
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ANNEX C: List of the available EPS products for SWFDP from KMA.
	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
	YES

	Tropical cyclone occurrence and genesis probability maps
	NO

	Tropical cyclone strike probability maps
	YES

	Tropical cyclone forecast tracks from ensemble members, including ensemble mean, deterministic and control tracks
	YES

	Tropical Cyclone Lagrangian meteograms (ECMWF)
	NO





























