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Recent Progress of Operational EPS at NCEP
(Report by Yuejian Zhu, Dingchen Hou and Jun Du)

1. Global Ensemble Forecast Systems (GEFS)

1.1 Historic Review    
      NCEP’s Global Ensemble Forecast System (GEFS) has been in operation since 1993, using the NCEP Global Forecast System (GFS) model for integration and breeding technique to generate perturbations in the initial conditions. After the Aug. 25, 2005 implementation, GEFS runs four times per day (0000, 0600, 1200 and 1800 GMT). At each time, 10 (5 pairs) perturbed members are initialized using breeding method with a breeding cycle of 6 hours. A control forecast, initialized with unperturbed initial condition, is also run at 00Z.  The control and all perturbed forecasts are integrated at T126 resolution and 28 vertical levels (L28) up to 384 hours. A “relocation” technique is applied in the initial condition of each run to adjust the initial central location of tropical storms to the actual location.
1.2  Recent Changes in Configuration (May 2006, March 2007, Dec. 2009)
( http://www.emc.ncep.noaa.gov/gmb/ens/ens_imp_news.html )

1.2.1 Horizontal Resolution     
     In the coming implementation to be finished in late 2009, the horizontal resolution of GEFS runs will be increased to T190. 
1.2.2 Membership

     The number of perturbed members was increased to 14 in May 2006 and 20 in March 2007. Since the May 2006 implementation, ensemble control forecast has been included for all four forecast cycles. 
1.2.3 Generation of the Initial Perturbations

     Breeding Method (BM) is modified by applying Ensemble Transformation (ET) to the ensemble perturbations in short-range forecasts. The resulted initial perturbations are then rescaled, leading to ET with Rescaling (ETR) method. ETR was introduced to the breeding method in May 2006.
1.2.4 Representation of Model Related Uncertainty

     In the coming implementation in late 2009, a Stochastic Perturbation Scheme (SPS) will be included to represent uncertainties associated with the NWP model used for the integration. SPS is based on the hypothesis that tendencies of the ensemble perturbations provide a representative sample of the random total model errors.
1.3 Post Processing of Products
1.3.1 Bias Correction 
        Bias correction to the GEFS products has been conducted operationally since May 30, 2006, and the number of bias corrected variables was increased in Dec. 2007, and will be increased again in Dec 2009. The bias correction is done for each variable, each lead time and each forecast cycle on point wise basis. The bias is estimated using an adaptive (Kalman Filter type) algorithm and taking the weighted average (with decaying weights) of forecast errors in the most recent forecast cases (about 50 days).
1.3.2 Dual-resolution (hybrid) Ensemble 
       In Dec. 2007, a dual-resolution (hybrid) ensemble was introduced to NCEP’s operational suite for the first 180 hours of forecast, by combining the bias corrected GEFS products with the bias corrected forecast from NCEP’s high resolution deterministic integration (GFS, currently T382L64) with forecast lead-time dependent weights. The idea is motivated by the superior skill of high resolution deterministic forecast at the shorter lead time. 

1.3.3 Statistical Downscaling 
       Statistical downscaling was implemented in Dec. 2007 to present GEFS products on high resolution meshes and to provide forecast guidance at local scale. Real Time Mesoscale Analysis (RTMA), which generates real time hourly analysis at NDFD (5km for CONUS) resolution, is used as the reference for downscaling. The procedure is applied to the bias corrected GEFS forecasts (interpolated to NDFD resolution) and the algorithm is the same as bias correction except that the difference between high resolution and low resolution analyses is used to estimate the bias.   
2. Short-Range Ensemble Forecast System (SREF)

2.1 History  

     Current NCEP Short Range Ensemble Forecast (SREF) system, was operationally implemented in May 2001 as a 10-member Eta (with BMJ convective scheme)/RSM based multi-model regional ensemble prediction system. A different version of Eta and two versions (NMM and ARW) of WRF (Weather Research and Forecasting) Model are added into the system in 2003 and 2005, respectively. Currently, SREF has 21 members. Model related uncertainty is represented by different versions of each model based on the cumulus parameterization schemes (Eta and RSM), micro-physics schemes (RSM), and numerical core structures (NMM and ARW). The perturbations in the initial conditions are generated by regional breeding. All member forecasts are integrated four times daily at horizontal resolution of 32 to 45km, up to 87 hours with output every 3 hours. 

2.2 Recent Changes in Configuration (Oct. 2009)
      ( http://www.emc.ncep.noaa.gov/mmb/SREF/reference.html )
     The configuration of SREF will be changed in the coming implementation in October 2009. The changes can be seen from the following table as highlighted:
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2.2.1 Ensemble Membership: The membership will be adjusted to have a more balanced diversity in model - about 5 members for each model. 
2.2.2 Horizontal Resolution: The horizontal resolution of the three models will be increased from about 40km to a uniformly 32km (ARW is 35km).
2.2.3 Physics Diversity: To increase physics diversity, the Zhao microphysics will be replaced by Ferrier scheme for the three RSM_SAS members.

2.2.4 Initial Perturbations: The eight perturbed WRF members (4 NMM and 4 ARW) will use ETR perturbations directly from GEFS in stead of generating its own regional bred vectors.
2.3 Products
2.3.1  Bias correction: In 2007, bias correction similar to GEFS is introduced into SREF.
2.3.2    Frequency of output: In Oct. 2009, the frequency of forecast output will be increased from 3-hourly to 1-hourly for the first 39 hours to meet requirements of convection and aviation forecasting.
2.3.3 New Products in the 2009 implementation
     New Products in the 2009 implementation will include (a) Composite Radar reflectivity and radar echo top/height (WRF and RSM); (b)Icing and Flight Restriction, etc.; (c) Richardson Number based planetary boundary layer (PBL) height and (d) a Tropical Cyclone tracer.
