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Milestones

Implementations

First NAEFS implementation — bias correction - May 30 2006

NAEFS follow up implementation — CONUS downscaling - December 4 2007
Alaska implementation — Alaska downscaling - December 7 2010
Implementation for CONUS/Alaska expansion — Q2FY14

Applications:

NCEP/GEFS and NAEFS — at NWS
CMC/GEFS and NAEFS — at MSC
FNMOC/GEFS — at NAVY
NCEP/SREF — at NWS
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Highlights

e Reforecast
— Values
— Possible future configuration



NAEFS Bias Correction

1). Bias Estimation:
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GEFS Reforecast

Configurations (Hamill et al, 2013)

Model version
— GFSv9.01 - last implement — May 2011
— GEFS v9.0 — last implement — Feb. 2012
Resolutions
— Horizontal — T254 (0-192hrs— 55km)
T190 (192-384hrs — 70km)
— Vertical — L42 hybrid levels
Initial conditions
— CFS reanalysis
— ETR for initial perturbations
Memberships
— O0O0UTC - 10 perturbations and 1 control
Output frequency and resolutions
— Every 6-hrs, out to 16 days
— Most variables with 1*1 degree
Data is available
— 1985 - current

Using Reforecast Data

Bias over 24 years (24X1=24)
25 years (25x1=25)

Bias over 25 years and 31day window
(25x31)

Bias over recent 2, 5, 10, and 25 years
within a window of 31day
(2x31, 5x31, 10x31, 25x31)

Bias over 25 years with a sample interval
of 7days within a window of 31days
and 61days (~25x4 and ~25x8)

1985

1986

day-15 day day+15

2009
2010




Using 25-year reforecast bias (1985-2009) to calibrate 2010 forecast
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Reforecast bias (2-m temperature)

240hr Reforecast Bias, T2m, NH, 1985—-2009
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Using 25-year reforecast bias (1985-2009) to calibrate 2010 forecast

Northern Hemisphere S00hPa Height Northern Hemisphere SOOhPa Height
Ensemble Mean RMSE and Ensemble SPREAD Ensemble Mean Error and Ensemble Abs. Error
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Using 24-year reforecast bias (1985-2008) to calibrate 2009 forecast
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T2m calibration for different reforecast sample sizes

Northern Hemisphere 2 Meter Temp. Northern Hemisphere 2 Meter Temp.
Continuous Ranked Probability Scores Continuous Ranked Probability Scores
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Using reforecast to improve current bias
corrected product (240-hr forecast, 2010 )
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Highlights

e 2" moment adjustment

— Completion of calibration
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2"4 moment adjustment

15t moment . |
adjusted forecast 2" moment adj.

)R 0
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Ensemble skill E= |[— f (1) —a(t))? Estimated by
\/ Y > (f(B)-a(t))

t=1 decaying averaging

Ensemble spread S = W \/M 1Z(f (t) = f(t))?
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RMSE(solid) and SPREAD(dash)
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Surface Temperature (T2m) for Winter
(Dec. 2009 — Feb. 2010), 120-hr Forecast
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Improving Under-dispersion for North America

(Dec. 2009 — Nov. 2010)

120-hr forecast NA 240-hr forecast NA
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Improving under-dispersion for all seasons
with a maximum benefit in summer.
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Highlights

Blender — Recursive Bayesian Model Process
(RBMP)
— Un-equal weights

— Tuning predicted variance
We thank to Dr. Bruce to allow us adapting his BMA codes.
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Bayesian Model Average

Weights and standard deviations for each model (k - ensemble member) at step j
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Sum of (s,t) represents the numbers of obs.
Finally, the BMA predictive variance is

Between-forecast variance Within-forecast variance

T T
Var (ys,t | fl,s,t""’ fK,s,t) - Z w, ( fk,s,t - Z Wi - fi,s,t) T Z Wy -0y
k=1 i=1 k=1

It is good for perfect bias corrected forecast,
Or bias-free ensemble forecast, but we do not 19




Probability

BMA predicted probability
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Freguency Ratio

DABMA Applied SREF 850hPa temperature

Raw Members

15 Dec. 2012 - 10 Feb. 2013

48-hr Projection
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Flow Chart of Recursive Bayesian Model Process (RBMP)
Bias free Observation or
Ens forecasts ‘ Best analysis
a I
ratio
Prior
Prior fatio Prior
weights v variance

Decaying process and adjustment

New New

\ weights variance /

New ratio
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Narthern Hemisphere 2 Meter Temp.
Ensemble Mean RMSE and Ensemble SPREAD
Average For 2013060100 — 2013083100
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Continuous Ranked Probability Score
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Summary

Surface temperature is strongly biased for NH
cold bias for winter, warm bias for summer

Reforecast has overall best value of calibration, decaying averages are
good for winter/summer, but not good for transition season

Very difficult to improve the skills for 500hPa height
possibly due to less bias or insensitivity to bias correction

25y31d’s thinning mean can be a candidate to reduce computational
expense and keep a broader diversity of weather scenario.

Adding reforecast information improve current bias-corrected product for
all seasons with a maximum benefit between March and May.

Bias and its seasonal variation are model-dependent. Whether the
improvement found here will occur for the new GEFS version need to
be confirmed!!

29 moment adjustment helps increase spread and improve under-

dispersion for all seasons with a maximum improvement in summer.

Adding 29 moment adjustment makes the BMA method more robust.
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