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Summary and purpose of document

This document provides updates for NCEP Global Ensemble Forecast System (GEFS) to service public includes products, data access, and future plans.
Action Proposed

The meeting is invited to note the information in the document
Annex(es):
- Table 1: The changes of NCEP Global Ensemble Forecast System (GEFS)
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1. Introduction:

NCEP’s Global Ensemble Forecast System (GEFS) has been in operation since December 1992, using the NCEP Global Forecast System (GFS) model for integration and Breeding Vector (BV) technique to generate perturbations in the initial conditions (Toth and Kalnay 1997). After the Aug. 25, 2005 implementation, GEFS runs four times per day (0000, 0600, 1200 and 1800 UTC) out to 16 days. At each time, 10 (5 pairs) perturbed members are initialized using BV method, cycling every 6 hours. If tropical cyclones are present in the initial conditions, a tropical storm relocation (TSR) technique is applied to each ensemble member to adjust the initial central location to the observed location (Liu et al., 2006). An extended BV method with Ensemble Transform and Rescaling (BV-ETR; Wei and et al., 2008) was implemented operationally in 2006. In early 2010, GEFS included model uncertainty using the Stochastic Total Tendency Perturbation (STTP) algorithm (Hou et al., 2012). Starting in December 2015, GEFS initial condition perturbations are selected from the operational hybrid Global Data Assimilation System (GDAS) 80-member Ensemble Kalman Filter (EnKF; Whitaker et al., 2008) 6-h forecast and include tropical storm relocation and centralization of the initial perturbations (Zhou et al., 2016; Zhou et al,, 2017). All NCEP’s GEFS upgrades (and changes) have been summarized in table 1.
2. Current Configuration (Dec. 2015) 
User can refer to NCEP Global Ensemble Forecast system implementation log for details: http://www.emc.ncep.noaa.gov/gmb/ens/ens_imp_news.html 
2.1 Horizontal and Vertical Resolutions: 
The horizontal resolution has increased to TL574 (about 34km on equator) for 0-192 hours and TL372 (about 55km) for 192-384 hours. The vertical resolution has also increased from 42 to 64 hybrid levels for all forecast hours. 
2.2 Membership: 
The number of perturbed members remains unchanged (20 members + ensemble control) for all four forecast cycles. 
2.3 Generation of the Initial Perturbations: 
Initial perturbations are generated from the EnKF component of hybrid global data assimilation system (GDAS). GEFS uses the selected 20 6-h forecasts of 80-member ensemble forecasts, with re-centerization and TS relocation, instead of the EnKF analysis due to timing constraints within the NCEP production suite (Zhou et al., 2016). 
2.4 Representation of Model Related Uncertainty: 
In Feb. 2010, a Stochastic Total Tendency Perturbation (STTP) scheme was implemented to represent combined dynamics/physics uncertainties associated with the forecast model. STTP is based on the hypothesis that tendencies of the ensemble perturbations provide a representative sample of the random total model errors (Hou et al., 2012). In the latest Dec. 2015 upgrade, an additional tuning process is applied for lower latitudes (tropical area) and no perturbation is applied for tropical surface pressure (Zhou et al., 2016).

3. Plan for next GEFS upgrade (later 2019) 
3.1 Model dynamic core: 

Toward unified global forecast system through NGGPS (next generation global prediction system) project, substantial parallel development work of NEMS/FV3GFS at NCEP/EMC and partnering organizations has led to a major shift in the atmospheric model component for FV3GEFSv12.  Instead of using the spectral dynamic core currently in operations, FV3GEFSv12 will be using the same FV3 dynamic core (Finite-Volume Cubed-Sphere Dynamical Core : https://www.gfdl.noaa.gov/fv3/ ) in NEMS framework.  The accelerated FV3GFS implementation strategy allows the atmospheric model and data assimilation components for reanalysis and GEFS reforecast projects to align the with the development of FV3GFS. 

3.2 Initial perturbations :

Initial perturbations are generated from the FV3EnKF component of hybrid global data assimilation system (GDAS). GEFS tends to use the selected 30 analyses of 80-member EnKF analyses with re-centerization, instead of the EnKF 6-h forecast to enhance the quality of initial uncertainties. 
3.3 Model perturbations :

Stochastic perturbation techniques for FV3GEFSv12 include combination of Stochastic Perturbation of Physical Tendencies (SPPT ; Palmer et al., 2009), Stochastic Kinetc Energy Backscatter (SKEB ; Shutts 2005), Stochastic Humidity perturbations (SHUM ; Tompkins and Berner, 2008) and perturbing land surface parameters to obtain appropriate ensemble spread (Zhu et al., 2018; Li et al., 2018 ; Guan et al., 2018). The atmospheric model is coupled to Noah land surface model within the physics component, and the initial conditions (and perturbations) to the land surface model will be derived from properly spun-up land states using off-line Global Land Data Assimilation System (GLDAS).

3.4 Ensemble resolution, members:
Depending on available resources, the FV3GEFSv12 will be configured to operate at a uniform resolution of ~25 km (C384) throughout the 16-day forecast period. While it is desirable to produce 16-day forecasts four cycles a day, the number of ensemble members could be as many as 31 (30 perturbed members plus control)
3.4 Extend forecast to support weeks 3&4 forecast:

Extended forecasts for weeks 3&4 will be provided once every week (or as often as desired by the forecasters at Climate Prediction Center).  The ocean surface boundary will be forced from 2-tiered SST (Zhu et al., 2017; Zhu et al., 2018) to assimilate seasonal change of ocean surface, while introduces new NSST (near-sea surface temperature) in NCEP hybrid DA and FV3GFS. 
3.5 Reanalysis :

The Next Generation Global Reanalysis project led by ESRL/PSD in collaboration with NCEP/EMC will generate 20 years (1999-2018) reanalysis based latest FV3GFS at similar operational resolution of data analysis. Both the FV3GEFSv12  reforecast model configuration and experimental setup are closely tied to the reanalysis project, and the reforecasts are dependent on timely start of production of reanalysis data sets from ESRL/PSD.  

3.6 Reforecast :

To follow up the 20 years reanalysis, 20 years reforecasts will be generated after reanalysis project starts, and before model upgrade. Both the FV3GEFSv12 reforecast model configuration and experimental setup are closely tied to the reanalysis project, and the reforecasts are dependent on timely start of production of reanalysis data sets from ESRL/PSD.  

Table 1 : GEFS configurations
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