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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 and other operational systems.
Action Proposed  

The meeting is invited to …..
Reference:
- 

4.2(1) The North American Ensemble Forecast System (NAEFS) Statistical Post-Processing (SPP) 
(Prepared by Yuejian Zhu EMC/NCEP/NWS/NOAA)

Background:



The North American Ensemble Forecast System (NAEFS) combines state of the art weather forecast tools, called ensemble forecasts, developed at the US National Weather Service (NWS) and the Meteorological Service of Canada (MSC). When combined, these tools (a) provide weather forecast guidance for the 1-14 day period that is of higher quality than the currently available operational guidance based on either of the two sets of tools separately; and (b) make a set of forecasts that are seamless across the national boundaries over North America, between Mexico and the US, and between the US and Canada. As a first step in the development of the NAEFS system, the two ensemble generating centers, the National Centers for Environmental Prediction (NCEP) of NWS and the Canadian Meteorological Center (CMC) of MSC started exchanging their ensemble forecast data on the operational basis in September 2004. The IOC (Initial Operational Capability) has been hosted in NCEP in November 2004. In February 2006, forecast products were generated based on the joint ensemble. Before combining the forecasts from the two centers, each set of forecast will undergo a statistical post-processing procedure, reducing their systematic errors. Finally, the NAEFS generates enhanced weather forecast products.


The NAEFS system will accelerate research and development by sharing the research and development tasks among the participating countries, more new methods can be tested. This will increase the rate of improvements both in the area of ensemble forecasting, and the generation and use of weather forecast products. This will improve the forecast skills by increase ensemble members when applying post-processing techniques. 


The NAEFS system will serve as a prototype for an ensemble forecast system as part of even broader international research collaboration, under the auspices of World Meteorological Organization (WMO) sponsored Global Atmospheric Research Program, called THORPEX. In particularly, it could provide example for THORPEX multi-model/multi-center ensemble forecast to improve forecast skill/predictability of 1-14 day period.


The NAEFS system could support the Global Earth Observation System of Systems (GEOSS) to reach their goals by provide high quality, seamless weather information

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, April 2014 and March 2016 (each upgrade). 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 ensemble forecast, FNMOC ensemble forecast are using the same bias correction techniques, NCEP Short-Range Ensemble Forecast (SREF) is using the same techniques as well.
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 TL1534L64) 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 first implemented in Dec. 2007, and upgrade in March 2016 to present GEFS products on high-resolution meshes and to provide forecast guidance at local scale. Real Time Mesoscale Analysis (RTMA, Pondeca and et al, 2011), which generates real time hourly analysis at NDFD (5km for CONUS, 2.5km later on) 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). 
In April 2014, relative humidity and dew point temperature for both CONUS and Alaska domains were implemented.

Last in March 2016, CONUS downscaling product was upgraded to 2.5km resolution and extend to North about 5degree to cover large portion of Canadian, Alaska downscaling products was upgraded to 3km as well to match current NDGD resolution. 
4) Frequency Matching Calibration:
For precipitation calibration, NCEP introduced “frequency-matching method (FMM)” 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, 2015).

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, 2015) 
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