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NAEFS verification
• Web-site: 

– http://wwwt.emc.ncep.noaa.gov/gmb/yzhu/html/opr/naefs.html

• Reference: NCEP/NCAR 40y reanalysis (next slide)

• Variables: 
– 1000hPa, 500hPa heights, 850hPa, 2m temperature, 10m u and v

• Verified for ensemble mean:
– PAC, RMS errors, spread, mean error (bias) and absolute error

• Verified for ensemble distribution:
– Histogram (Talagrand)

• Verified for ensemble probabilistic forecast
– ROC, RPSS, CRPS, BSS (Resolution and Reliability), EV

• Regions:
– NH, SH, Tropical, Asia, Europe and Northern American

• Statistics from seasonal average
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Climatological Data

• NCEP/NCAR 40 years (1958-1997) reanalysis

• Monthly Sampling
– For example: 40*30=1200

• Generating10 equally-a-likely, based on monthly 
sampling

• Projected to verify date  

• All forecast skills will base on 10 equally-a-likely 
climatological bins

• There is a limitation of skill scores
– Need to consider the analysis difference between reanalysis 

and current GFS/GSI analysis

– Will set up on future verification scheme



4

0%

100%

50%

p07 p09p08p06p03p02p01 p04 p05 p10

Obs (truth)

∫
+∞

∞−

−−= dxxxHxFCRPS
2

0 )]()([

Continuous Rank Probability Score

X

Xo

Heaviside Function H

{ )(0

)(10 )( o

o

xx

xxxxH
≤

>=−

Order of 10 ensemble members (p01, p02,…,p10)

c

fc

CRPS

CRPSCRPS
CRPSS

−
=CRP Skill Score is



5

Ranked Probabilistic Score
Ranked (ordered) Probability Score (RPS) is to verify multi-category probability forecasts, to 

measure both reliability and resolution which based on climatologically equally likely bins
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Global Ensemble Model Evaluation: (NCEP against NCEPb)

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCTROP

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCSH

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCNH

500 hPa Height Scores NCEP .vs NCEPb

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCTROP

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCSH

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCNH

1000 hPa Height Scores (NCEP .vs NCEPb)

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCTROP

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCSH

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCNH

850 hPa Temperature Scores (NCEP .vs NCEPb)

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCTROP

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCSH

HISTOGRAMERR/ABSERMS/SPRDCRPSCRPBSSRPSSEVROCNH

2 Meters Temperature Scores (NCEP .vs NCEPb)

Example of web-page setting: 

http://wwwt.emc.ncep.noaa.gov/gmb/yzhu/html/opr/naefs.html
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ISSUES ADDRESSED

• Long-term performance measurement
– Deterministic

– Ensemble mean forecast

– Probabilistic forecast

• Effect of bias-correction
– Different variables

• Comparing of NCEP and CMC’s forecasts
– Before & after bias correction

• Impact of combined ensemble (NAEFS)
– Before & after bias correction

– Gains from bias correction + combination + others
• NAEFS advantage

• Problems 
– Verifications 

– Short and long lead-time

• Probabilistic forecast products
– 10% and 90% probability forecast
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7.2d to 7.6d

7.5 to 8.3d
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D5=0.357
2001

D6=0.334
2007

D5=0.356 D6=0.361
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HISTOGRAM

1-day

16-day12-day

8-day5-day

3-day

Good spread, but more biased
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RMSE and Spread
Mean and absolute errors

CRPSS

10 meter wind (u-component)

Less biased,

There is less room to improve 

the skill by bias-correction only
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2-meter temperature
There is more room to improvement

Benefit from hybrid GFS forecast
for the first 7.5 days
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500hPa height 1000hPa height

850hPa temperature 2 meter temperature

Black-NCEP Red-CMC 
Green-NAEFS combined
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500hPa height 1000hPa height

850hPa temperature 2 meter temperature

Black-NCEP bias-corrected 

Red-CMC bias-corrected

Green-NAEFS combined
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Solid: RMS error

Dash: Spread

Solid: Mean error (bias)

Dash: Mean absolute error

36h improvement 

by NAEFS
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RPSS .vs CRPSS

ROC score

Winter 2006-2007

NH 2m temperature

For

NCEP raw forecast (black)

NCEP bias corrected forecast (red)

NAEFS forecast (pink)

24h improvement 

by NAEFS
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Skill line

Do we really have that 
much skills for week-2 

forecast?
We need to consider the 

difference between CDAS 

and GDAS.

The problems come 
from our verification?

We need to consider

the difference of CMC’s 

and NCEP’s analysis
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850hPa temperature (summer 2008)

500hPa height (summer 2008)

Do we need hindcast for 
the calibration of week-2 
forecast?

There is no skill 
improvement of week-2 
forecast for some season 
and variables.
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282-meter temperature 10/90 probability forecast verification

Northern Hemisphere, period of Dec. 2007 – Feb. 2008
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292-meter temperature 10/90 probability forecast verification

Northern Hemisphere, seasonal variation for NAEFS
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Monitoring/Verification System
for NAEFS and Down-scaling Forecast

Developed by
Bo Cui

EMC/NCEP/NWS/NOAA

http://wwwt.emc.ncep.noaa.gov/gmb/ens/NAEFS/NAEFS-eval.html

http://www.emc.ncep.noaa.gov/gmb/wx20cb/rtma/
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Surface pressure

10-m U-wind 

0.02 weight decaying 
average, updating every day

For all 35 bias 
corrected variables
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12hr 2m T forecast 
Mean Absolute Error 

w.r.t RTMA for CONUS
Average for September

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)

Down-scaling (NCEP, CMC)

Combination of NCEP and CMC
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From Bias correction (NCEP, CMC)

Dual-resolution (NCEP only)

Down-scaling (NCEP, CMC)

Combination of NCEP and CMC

NAEFS final products

NCEP/GEFS raw forecast

8+ days gain
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GMOS forecast

NAEFS final products

From :

Bias correction (NCEP, CMC)

Dual-resolution (NCEP only)

Down-scaling (NCEP, CMC)

Combination of NCEP and CMC

From Bo Cui (EMC)

From Valery Dagostaro (MDL)

CONUS 2m Temperature

For September 2007

Verify against RTMA

Verify against observation
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MYQSL-based Ensemble Verification System

Developed by
Binbin Zhou

EMC/NCEP/NWS/NOAA

http://cerberusdev.ncep.noaa.gov/EMC_VSDB_verif_Ensemble/



38

Features:

(1) MYSQL: relational database like Oracle, but open source and 100% free from Sun Inc.

(2) Efficient in data storage and management

(3) All of plots are generated on fly, saving space

(4) Fast access online

(5) Still NCEP in-house, not accessible from outside
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FNOMC global ensemble evaluation plan (draft)
- Yuejian Zhu

• Basic evaluation
– FNMOC raw forecast only

– Against FNMOC analysis

– 2.5 degree resolution

– Globally, NH, SH and tropical

– 500hPa height and 850hPa 
temperature

– 1000hPa height and other surface 
variables, such as T2m, U10m and 
V10m

– Anomaly correlation and RMS error 
for ensemble mean

– Probabilistic evaluations, such as 
CRPS, reliability and resolution…

• Further evaluation
– Raw ensemble forecast only

– Against consensus analysis

– Joined FNMOC with NCEP’s

– Joined FNMOC with CMC’s

– Joined FNMOC with current NAEFS’s

– Evaluation methods and variables are 
the same as basic evaluation

• Evaluation after post process
– All bias corrected forecasts

– Against NCEP analysis

– Joined FNMOC with NCEP’s

– Joined FNMOC with CMC’s

– Joined FNMOC with NAEFS’s

– Evaluation methods and variables are 
the same as basic evaluation

• Evaluation after statistical 
downscaling process

– Pending on the resources

– CONUS only for 5km resolution

– Against RTMA analysis 

– Variables: T2m, surface pressure

– RMS error, mean error, absolute error 
for ensemble mean

– CRPS for ensemble distribution

• Possible problem: (solve it)
– We don’t have T2m analysis

– Possible to ask FNMOC to send T2m 
analysis with deterministic 
analysis/forecast package (check with 
Michael Sestak)
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1000hPa height

RMS errors & spread

Resolution and reliability

CRPS scores

NCEP/GEFS .vs FNMOC/GEFS

Raw ensemble forecasts

Very closed skills

NCEP has more resolution

FNMOC is more reliable
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10-m U and V
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500hPa height

Spread

More or Less

Anomaly correlation

It will be much improved from 
coming NCEP/GEFS 
implementation, through 
introduce stochastic scheme 
and high orders horizontal 
diffusion
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NCEP/GEFS NCEP/GEFS

FNMOC/GEFS FNMOC/GEFS

spread
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Preliminary results

• It is very preliminary
– There are only about 40 cases
– Raw ensemble forecast only

• Statistics show
– FNMOC GEFS has comparable global ensemble system
– Very good forecast for near surface variables

• Need to have more samples to verify 2-m temperature

• Need to evaluate different seasons
– To wait for winter season coming

• Overall consideration
– To have more variables to be evaluated
– Have bias correction
– Combine to exist NAEFS forecast

• Is there any value added to current system?
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Background !!!!!
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CRPS Decomposition
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