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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



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



Continuous Rank Probability Score

CRPS = jo[F(x) — H (x — xo)]zdx
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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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Ensemble Verification (short presentation)

Predictability Metting Presentation
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|sum2007 |Yes |Yes | Yes | Yes | Yes
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Example of web-page setting:
http://wwwt.emc.ncep.noaa.gov/gmb/yzhu/html/opr/naefs.html

Global Ensemble Model Evaluation: (NCEP against NCEPbD)

500 hPa Height Scores NCEP .vs NCEPb
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1000 hPa Height Scores (NCEP .vs NCEPD)
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850 hPa Temperature Scores (NCEP .vs NCEPbD)
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2 Meters Temperature Scores (NCEP .vs NCEPD)
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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



AC scores

RMS errors

Monthly Ave. Scores (NH 500hPa Height, 5—day forecasts)
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AC scores

RMS errors
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RPS scores

1:10 ratio)

jp T

Monthly Average for NH 500hPa Height, 5—day forecasts
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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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Northern Hemisphere 500hPa Height Histogram Distribution

Average For 20071201 — 20080229
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Skill Scores

Reliability and Resolution
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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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Skill Scores

Skill Scores
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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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Northern Hemisphere 2 Meter Temp.

Ranked Prebability Skill Scores (RPSS)
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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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Do we need hindcast for
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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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Monitoring/Verification System
for NAEFS and Down-scaling Forecast

Developed by
Bo Cui
EMC/NCEP/NWS/NOAA
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North American Ensemble Forecast System

Experimental Products

e Bias Comparison Statistics which includes:

o NCEP Raw and Bias-Corrected Ensemble Domain Averaged Bias
o NCEP Raw and Bias-Corrected Ensemble Domain Averaged Bias Reduction (Percents)

o CMC Raw and Bias-Corrected Control Forecast Domain Averaged Bias
o CMC Raw and Bias-Corrected Control Forecast Domain Averaged Bias Reduction (Percents)

e Probabilistic Evaluation (under developing) which includes:

o PAC, RMS, ROC and RPSS

NAEFS | EMC Ensemble Products
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RTMA Region 2m Temperature
Averaged From 2007090100 to 2007093000
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NAEFS NDGD Probabilistic 2m Temperature
Forecast Verification For 2007090100 — 2007093000

Continuous Ranked Probability Score (C)
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COMUS 2m Temperature 36
Averaged From 2007090500 to 2007093000
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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/
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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...

e 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 if)

We don'’t have T2m analysis

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



Skill Scores

Reliability and Resolution
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RMSE(solid) and SPREAD(dash)

RMSE(salid) and SPREAD(dash)
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RMSE(solid) and SPREAD(dash)

500hPa height
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Ensemble Mean Anomaly Correlation
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Meters

Meters

500hPa Height Forecast (Ini: 2008090900; NCEP 20m)

6000

e __________________ NCEP/GEFS _________________

50004 2 s

58504 %
58004 -
57504 - _.
57004 -

5650

9SEP ; g 115EP 135EP 155EP 175EP 195EP
: | nnntiane Waehinatan N 37N 770N

500hPq Height Forecast (Ini: 2008090900; FNMOC 16m)

8000 i

5950 4

FNMOCGC/GEFS

5900 ¢
"

5850
se00d-
ss04
s7004 :

56504 - e e e e

9SEP 115EP 135EP 155EP 175EP 195EP

Location: Washington DC (37N 77W)

Meters

Meters

6000

500hPa Height Forecast (Ini: 2008091500; NCEP 20m)

i NC

5900 N,

E P/G EFS ........ ...................

58504 -
58004 -
7504 - - - R R R R, o)

. . . . . :
57004 - g e T I T
. . . . . : )
e wan

sese{ :

5600 —
158EP 175EP = = 195EF 215EP 235EP 255EP

2008 F
|nnr!ﬁn_h- Wnehinatan N (37N 77WN

500hPa Height Férecast (Ini: 2008091500; FNMOC 16m)

6000

sos0d. ‘FNMOC/GEFS ...................

S . .
U R - S
X S

5900

58501
58004 -

S7504- e :

sm0{

56504 - e e e e

5600 . . . .
155EP 175EP 195EP 215EP 235EP 255EP
2008

Location: Washington DC (37N 77W)



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 verity 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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CRPS Decomposition

CRPS :ZN:[EIPIZ +E,(1_p,)2]
T m

CRPS = i@[(l—&)p? +0i(1- p,)’]
7 om

CRPS=RELI-RESO+U
S o AR
RELI=Z:gl.(0,-—pi)2 RES0=Z:gl.0i2 U=Zgi0i
i=0 i=0 i=0
o ;_ _ Bi
Where: g, =ai+p, l a +ﬁi
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