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North American Ensemble Forecast System (NAEFS) 

International project to 
produce operational multi-
center ensemble products 

Bias correction and 
combines global ensemble 
forecasts from Canada & 

USA 

Generates products for: 
Weather forecasters 

Specialized users 
End users 

Operational outlet for THORPEX research 
using TIGGE archive 



NAEFS Milestones 
• Implementations 

– First NAEFS implementation –  bias correction – IOC, May 30 2006     Version 1 
– NAEFS follow up implementation – CONUS downscaling - December 4 2007   Version 2 
– Alaska implementation – Alaska downscaling - December 7 2010    Version 3 
– CONUS/Alaska new variables expansion – April 8 2014          Version 4 
– CONUS/Alaska NDGD (2.5km/3km) and expansion – Q1FY16     Version 5 

• Applications: 
– NCEP/GEFS and NAEFS – at NWS 
– CMC/GEFS and NAEFS – at MSC 
– FNMOC/GEFS – at NAVY 
– NCEP/SREF – at NWS 

• Publications (or references): 
– Cui, B., Z. Toth, Y. Zhu, and D. Hou, D. Unger, and S. Beauregard, 2004: The Trade-off in Bias Correction between Using the 

Latest Analysis/Modeling System with a Short, versus an Older System with a Long Archive The First THORPEX International 
Science Symposium. December 6-10, 2004, Montréal, Canada, World Meteorological Organization, P281-284. 

– Zhu, Y., and B. Cui, 2006: “GFS bias correction” [Document is available online] 
– Zhu, Y., B. Cui, and Z. Toth, 2007: “December 2007 upgrade of the NCEP Global Ensemble Forecast System (NAEFS)” 

[Document is available online] 
– Cui, B., Z. Toth, Y. Zhu and D. Hou, 2012: "Bias Correction For Global Ensemble Forecast"  Weather and Forecasting, Vol. 27 

396-410  
– Cui, B., Y. Zhu , Z. Toth and D. Hou, 2013: "Development of Statistical Post-processor for NAEFS"  

Weather and Forecasting (In process) 
– Zhu, Y., and B. Cui, 2007: “December 2007 upgrade of the NCEP Global Ensemble Forecast System (NAEFS)”  [Document is 

available online] 
– Zhu, Y, and Y. Luo, 2015: “Precipitation Calibration Based on Frequency Matching Method (FMM)”. Weather and 

Forecasting, Vol. 30, 1109-1124 
– Glahn, B., 2013: “A Comparison of Two Methods of Bias Correcting MOS Temperature and Dewpoint Forecasts” MDL office 

note, 13-1 
– Guan, H., B. Cui and Y. Zhu, 2015: "Improvement of Statistical Post-processing Using GEFS Reforecast Information"  

Weather and Forecasting, Vol. 30, 841-854 

http://www.emc.ncep.noaa.gov/gmb/ens/papers/manuscript_thorpex_bocui.pdf
http://www.emc.ncep.noaa.gov/gmb/ens/papers/manuscript_thorpex_bocui.pdf
http://www.emc.ncep.noaa.gov/gmb/yzhu/imp/i200711/1-GFS_bc.pdf
http://www.emc.ncep.noaa.gov/gmb/yzhu/imp/i200711/IMP_PLAN_final_v08_brief.pdf
http://www.emc.ncep.noaa.gov/gmb/yzhu/gif/pub/WAF201204_Cui.pdf
http://www.emc.ncep.noaa.gov/gmb/yzhu/gif/pub/manuscripts_downscaling_CONUS_20110930.pdf
http://www.emc.ncep.noaa.gov/gmb/yzhu/imp/i201004/Science_Decision_Alaska_Dec2010_web.pdf
http://www.emc.ncep.noaa.gov/gmb/yzhu/gif/pub/Refcst.pdf
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 Bias correction:   
• Bias corrected NCEP/CMC GEFS and NCEP/GFS forecast (up to 180 hrs) 
• Combine bias corrected NCEP/GFS and NCEP/GEFS ensemble forecasts 
• Dual resolution ensemble approach for short lead time 
• NCEP/GFS has higher weights at short lead time 

 NAEFS products (global) and downstream applications 
• Combine NCEP/GEFS (20m) and CMC/GEFS (20m)  
• Produce Ensemble mean, spread, mode, 10% 50%(median) and 90% probability forecast at 1*1 

degree resolution 
• Climate anomaly (percentile) forecasts 
• Wave ensemble forecast system 
• Hydrological ensemble forecast system 

 Statistical downscaling  
• Use RTMA as reference - NDGD resolution (5km/6km), CONUS and Alaska 
• Generate mean, mode, 10%, 50%(median) and 90% probability forecasts 

  
NAEFS Statistical Post-Processing System 
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NAEFS Bias Correction  
(Decaying average method) 

)()()( 0,,, tatftb jijiji −=

2). Decaying Average (Kalman  
     Filter method) 

)()1()1()( ,,, tbwtBwtB jijiji ⋅+−⋅−=

1). Bias Estimation: 
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3). Decaying Weight: w =0.02 in 
GEFS bias correction (~ past 50-60 
days information)  

4). Bias corrected forecast:  

)()()( ,,, tBtftF jijiji −=
Simple Accumulated Bias 

Assumption: Forecast and analysis 
(or observation) is fully correlated  



12hr 2m temperature forecast  
Mean Absolute Error (MAE)  

w.r.t RTMA for CONUS 
average for September 2007 

GEFS raw forecast 

NAEFS forecast 

GEFS bias-corr. & down scaling fcst. 
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NCEP/GEFS raw forecast 

NAEFS final products 

4+ days gain from NAEFS 

From    Bias correction (NCEP, CMC) 
      Dual-resolution (NCEP only) 
      Combination of NCEP and CMC 
            Down-scaling (NCEP, CMC) 
 



10 

From: Bias correction (NCEP, CMC) 
    Dual-resolution (NCEP only) 
    Combination of NCEP and CMC 
          Down-scaling (NCEP, CMC) 

NAEFS final products 

NCEP/GEFS raw forecast 

8+ days gain 
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Make Up This Deficient ? 
Improving surface perturbations 

Or Post processing 

Bias correction does not 
change the spreads 



2nd moment adjustment 
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Estimated by 
decaying averaging   
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SPP2 is after 2nd moment adjustment 
 

For winter 3 months 
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is a posterior probability of model Mk from training data 

Sum of each posterior probability is equal to 1, therefore it can be viewed as weights 
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Between-forecast variance Within-forecast variance 

Sum of (s,t) represents the numbers of obs. 

It is good for perfect bias corrected forecast, 
Or bias-free ensemble forecast, but we do not 
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Courtesy of Dr. Veenhuis 

Model 1 

Model 2 

Model 3 



18 

NCEPbc 
NCEPbc+CMCbc 
NCEPbc+CMCbc+FNMOCbc 
BMA (NCEPbc+CMCbc+FNMOCbc) 
MBMA (NCEPbc+CMCbc+FNMOCbc) – 2nd moment adjustment 

Over dispersion 
From traditional BMA  

BMA and MBMA 
Are based on 40 days moving average 
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Bias free 
Ens forecasts 

Observation  or 
Best analysis 

Variance  Weights  

BMA, Decaying process, and 
adjustment 

New 
weights 

New 
variance 

Prior  
weights 

Prior  
variance 

Err and sprd  

New  Err 
and sprd 

Prior Err 
and sprd 

Flow Chart of Recursive Bayesian Model Process (RBMP) 

2nd moment 
adjustment Adjusted PDF 

(We thanks to Dr. Veenhuis 
for allowing us to adopt his 
BMA codes). 
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The results demonstrate: 
1. BMA could improve 3 ensemble’s mean, but 

spread could be over if original spread is larger 
2. RBMP could keep similar BMA average future, 

but 2nd moment will be adjusted internally 
3. All important time average quantities are 

decaying average (or recursive – save storage) 

NUOPCIBC – simple combine three bias corrected ensembles 
 
DCBMA – decaying based Bayesian Model Average 
 
RBMP – Recursive Bayesian Model Process (built in decaying 
average and internal 2nd-moment adjustment) 

Solid line – RMS error 
Dash line - Spread Over-dispersion 
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Summer 2013 

ROC are better 
for all leads 
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The results demonstrate: 
1. BMA could improve 3 ensemble’s mean, but 

spread could be over if original spread is larger 
2. RBMP could keep similar BMA average future, 

but 2nd moment will be adjusted internally 
3. All important time average quantities are 

decaying average (or recursive – save storage) 

NUOPCIBC – simple combine three bias corrected ensembles 
 
DCBMA – decaying based Bayesian Model Average 
 
RBMP – Recursive Bayesian Model Process (built in decaying 
average and internal 2nd-moment adjustment) 

Solid line – RMS error 
Dash line - Spread 

Over-dispersion 
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Bias correction 
for each 

ensemble 
member 

 
+  
 

High resolution 
deterministic 

forecast 

Mixed Multi- 
Model 

Ensembles 
(MMME)  

Probabilistic 
products at 1*1 
(and/or) .5*.5 

degree globally 

Down-scaling 
(based on RTMA) 

Probabilistic 
products at NSGD 

resolution 
(e.g. 2.5km – CONUS) 

NCEP 

Others 

CMC 

Reforecast 

RBMP 
For 

blender 
Varied 

decaying 
weights 

Auto-
adjustment 

of 2nd 
moment 

Smart 
Initialization? 

Future NAEFS Statistical Post-Processing System 
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Thanks and questions? 
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 Variables pgrba_bc file Total 51 

GHT 10, 50, 100, 200, 250, 500, 700, 850, 925, 1000hPa 10  

TMP 2m, 2mMax, 2mMin, 10, 50, 100, 200, 250, 500, 700, 850, 925, 
1000hPa 

13 

UGRD 10m, 10, 50, 100, 200, 250, 500, 700, 850, 925, 1000hPa 11 

VGRD 10m, 10, 50, 100, 200, 250, 500, 700, 850, 925, 1000hPa 11  

VVEL 850hPa 1 

PRES Surface, PRMSL 2 

FLUX (top) ULWRF (toa - OLR) 1  

Td and RH 2m 2 

Notes CMC and FNMOC do not apply last upgrade yet 

NAEFS bias corrected variables 
 

Last upgrade: April 8th 2014 - (bias correction) 
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 Variables Domains Resolutions  Total 10/10 

Surface Pressure CONUS/Alaska 5km/6km 1/1 

2-m temperature CONUS/Alaska 5km/6km 1/1 

10-m U component CONUS/Alaska 5km/6km 1/1 

10-m V component CONUS/Alaska 5km/6km 1/1 

2-m maximum T CONUS/Alaska 5km/6km 1/1 

2-m minimum T CONUS/Alaska 5km/6km 1/1 

10-m wind speed CONUS/Alaska 5km/6km 1/1 

10-m wind direction CONUS/Alaska 5km/6km 1/1 

2-m dew-point T CONUS/Alaska 5km/6km 1/1 

2-m relative humidity CONUS/Alaska 5km/6km 1/1 

NAEFS downscaling parameters and products 
Last Upgrade: April 8 2014  (NDGD resolution) 

All downscaled products are generated from 1*1 degree bias corrected fcst. globally  
Products include ensemble mean, spread, 10%, 50%, 90% and mode 
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Fall 2013 

Don’t understand 
this over-dispersion 

Slightly 
degradation 

ROC are better 
for all leads 



Almost Perfect!!! 

Winter Spring 

Fall Summer 
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After 2nd moment 
adjustment 



48-hr Projection 

2.53 
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DABMA Applied SREF 850hPa temperature 
15 Dec. 2012 – 10 Feb. 2013 

Over-dispersion  

Courtesy of Dr. Veenhuis 
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