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Summary and purpose of document

This document is describing/updating ensemble post process methodologies for operational application in NWS/USA. The process of statistical bias correction has applied to CMC global ensemble, FNMOC global ensemble, NCEP/SREF system. 
Action Proposed  

The meeting is invited to note the information in the document.
5.3 The developments in post-processing and calibration 
(Prepared by Yuejian Zhu)

1) Bias Correction (Statistic):

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, Feb. 2010 March 2011 and April 2014. 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, w=2%) of forecast errors in the most recent forecast cases (about 50-60 days) (see: Cui and et al., 2012). In latest development, the variables decaying weights (w) have been tested for several surface forecast elements. The decaying weights (w) are function of forecast lead-time. For short lead-time (1-7 days), w could be larger in the range of 3-5%, and smaller in the range of 1-2% for longer lead-time (8-14 days).
Currently, the both of Canadian bias corrected ensemble forecast, FNMOC bias corrected ensemble forecast are using the same bias correction techniques. 
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 short lead-time (see: Zhu and Cui, 2007). 
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 (see: Cui and et al., 2012). 

In late 2010, Alaska regional downscaling probabilistic product was implemented. The variables include surface pressure, temperature, max/min temperature, wind, wind direction/speed. The resolution is about 6km (NDGD format). 
Statistical downscaling product has extended to dew-point temperature and relative humidity in April of 2014 at NCEP. 
4) Frequency Matching Calibration:
For precipitation calibration, NCEP introduced “frequency-matching method” for operational implementation in 2004 (Zhu and Toth, 2004). An adaptive (Kalman Filter type) algorithm has been used to accumulate past information for calibration. The product resolution is 2.5 * 2.5 degree for CONUS.

Recently, “frequency-matching method” has been extended to use high-resolution precipitation calibration (at 1*1 degree) and downscaling (to 5*5km) which applied to each RFC (river forecast center) region over United States (see: Zhu and Luo, 2014).

5) 2nd moment justification (MDL – John Wager and Bruce Veenhuis - 2012):
Ensemble Kernel Density MOS (EKDMOS) method has been applied to NAEFS global ensemble system to improve second moment calibration by using spread-skill relationship.

6) Improvement of SPP using reforecast:
Recently, GEFS reforecast (Hamill and et al, 2013) has been tested to enhance exist GEFS bias corrected forecast. A hybrid of model biases from short-term (most recently) forecast and 20 more years reforecasts could improve current operational bias correction, especially for transition season (Guan and et al, 2014) 
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