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Methods for generating initial 
conditions for weather ensembles 

Predominantly dynamical 
(breeding, energy 
singular vectors) 

Simulating the analysis errors 
(perturbed obs 4D-Var;  
EnKFs; LETKFs) 



Model uncertainty is where the 
most interesting stuff is going on. 

3 

t=0 

ǘҐǘҌɲǘ ensemble 
ƳŜƳōŜǊǎΩ 
trajectories 

reality 



Model uncertainty testing in global 
ensembles 

Å/ƻƳǇŀǊŜ b/9tΩǎ ƻǇŜǊŀǘƛƻƴŀƭ {¢¢t ƳŜǘƘƻŘ 
against: 

ï9/a²CΩǎ ά{tt¢έ όǎǘƻŎƘŀǎǘƛŎŀƭƭȅ ǇŜǊǘǳǊōŜŘ 
physical tendencies) 

ï¦Y aŜǘ hŦŦƛŎŜ ά±/έ όvorticity confinement) 

ïOur perturbed boundary-layer relative humidity. 

 



NCEP operational scheme (STTP) 
Stochastic Total Tendency Perturbation 

random linear combinations of ensemble tendency 
perturbations added to state every 6-h 

(entire ensemble must be run concurrently). 



Schemes we tested 

ÅStochastically-perturbed physics tendencies 
(SPPT) ς operational ECMWF scheme. 

ÅVorticity confinement (VC) ς under 
development at UKMET and ECMWF. 

ÅStochastically-peturbed boundary-layer 
humidity (SHUM). 

 



ECMWF method (SPPT) 
Stochastically Perturbed Physics Tendency 

ÅPerturbed Physics tendencies 

  

Xp = (1+ r m )Xc

ɛ- vertical weight:  1.0 between surface and 100 hPa, decays to zero 

between 100 hPa and 50 hPa. 

 

r- horizontal weights: ranges from -1.0 to 1.0, a red noise process with a 

Å Temporal timescale of 6 hours 

Å e-folding spatial scale of 500 km 
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Examples of stochastic patterns 

(from M Leutbecher) 



Vorticity confinement 
(Sanches, Williams and Shutts, 2012 QJR doi 10.1002) 
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Stochastic boundary-layer humidity 

ÅSPPT only modulates existing physics tendency 
(cannot change sign, trigger new convection). 
ÅTriggers in convection schemes very sensitive to 

BL humidity. 
 
 
ÅVertical weight r decays exponentially from 

surface. Added every time step after physics 
applied. Random pattern ɛ has a (very small)  
amplitude of 0.00375, horizontal/vertical scales 
(250 km, 3-h).  
 
 

qperturbed = (1+ r m )q
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RMS error (solid lines) 
reduced in tropics 
 
STTP (NCEP) only 
adds much spread 
in winter hemisphere. 
 
Much faster spread 
growth with SHUM 
in tropics. 



Ensemble Mean Error 
         (control) 

Ensemble Spread 
       (control) 

Ensemble Spread 
(SPPT+SHUM+VC) 

Ensemble Spread 
    (STTP) 

Zonal Wind Spread 



TC track error/spread 

Combination 
of 3 schemes 
produces 
calibrated 
track 
forecasts, but 
does not 
reduce 
ensemble 
mean error. 



Example (Isaac) 



Reforecasts:  
what are they good for? 

 
Using multi-decadal reforecasts from the 
NCEP Global Ensemble Forecast System. 
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GEFS reforecast v2 details 

Å Seeks to mimic GEFS operational configuration as of February 2012. 

Å Each 00Z, 11-member forecast, 1 control + 10 perturbed.\  

Å Reforecasts produced every day, for 1984120100 to current (actually, 
working on finishing late 2012 now). 

Å /C{w όb/9tΩǎ /ƭƛƳŀǘŜ CƻǊŜŎŀǎǘ {ȅǎǘŜƳ wŜŀƴŀƭȅǎƛǎύ ƛƴƛǘƛŀƭ ŎƻƴŘƛǘƛƻƴǎ όо5-Var) 
+ ETR perturbations (cycled with 10 perturbed members).  After ~ 22 May 
2012, initial conditions from hybrid EnKF/3D-Var. 

Å Resolution: T254L42 to day 8,  T190L42 from days 7.5 to day 16. 

Å Fast data archive at ESRL of 99 variables, 28 of which stored at original ~1/2-
degree resolution during week 1.  All stored at 1 degree.  Also: mean and 
spread to be stored. 

Å Full archive at DOE/Lawrence Berkeley Lab, where data set was created 
under DOE grant. 
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Status 

Å00Z reforecasts 1985-2010 completed and publicly 
available. 
Å2011- Sep 2012 reforecasts are being processed, 

available within weeks. 
ÅWithin a month or two, we will be pulling real-

time GEFS data over from NCEP and putting it in 
our archive. 
ÅWeb sites are open to you now: 
ïNOAA/ESRL site: fast access, limited data (99 fields). 
ïUS Department of Energy: slow access, but full data set 

ÅSoon: experimental probabilistic precipitation 
forecast graphics in real time. 
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Data that is readily available from ESRL 

Also: hurricane track files 18 



Data that is readily available from ESRL 
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500 hPa Z anomaly correlation 
(from deterministic control) 

Lines w/o filled colors 
for secondςgeneration  
reforecast (2012, T254) 
 
Lines with filled colors 
for first-generation 
reforecast (1998, T62). 
 
Perhaps a 1.5-2.5 day 
improvement. 
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GEFS blocking skill by half decade 

21 
Decreased Atlantic sector skill in 1985-1989 period stands out.  

Blocking is evaluated using Tibaldi-Molteni algorithm for every longitude, every day.  Skill 
of the ensemble in predicting blocking is then evaluated. 



Skill of raw reforecasts 
(no post-processing) 
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Skill of calibrated precipitation forecasts 
(over US, 1985-нлмлΣ άǊŀƴƪ ŀƴŀƭƻƎέ ŎŀƭƛōǊŀǘƛƻƴ ƳŜǘƘƻŘύ 
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Verification here against 32-km North American Regional Reanalysis (tougher).  
Verification in previous plot against 1-degree NCEP precipitation analysis (easier). 

2010 
GEFS 



Reliability, > 10 mm precipitation 24 h-1 
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Almost perfect reliability. 



TC Rita (2005) 
 
GFS reforecast ensemble 
 
72-h forecast 
initialized at 00Z 22 Sept  
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P11 
OBS 00Z position 

00Z/22 
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TC Rita (2005) 
 
ARW ensemble with GFS 
reforecast ensemble as 
boundary and initial 
conditions  
 
72-h forecast 
initialized at 00Z 22 Sept  
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Observed 

72-h Forecast Verifying 1200 UTC 9 September 
Ensemble Mean, Reforecast Analog, 
and Observed Positions 

Reforecast Analog  
Position Errors 

Bias-Corrected Ensemble Mean Position 
and Probability Ellipse 

A synthetic example of using reforecasts  
to make track error bias corrections 

Red    :  mean forecast position 
Blue dot: forecast positions of +72-h forecast analogs 
End of red tail ___ :  observed positions at +72 h 
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Define BSS for evaluating blocking skill 

Å The blocking Brier Skill score is calculated after summing forecast and 
climatological Brier scores over the relevant longitudes in either the Pacific 
or Atlantic basins, respectively, then averaged. For example (Pac): 
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forecast lp( ) = ensemble - based probability of block for thislongitude

pi

climo lp( ) = climatological probability of block for thislongitude



Methods for representing model 
uncertainty in ensembles 

ÅMulti-model ensembles 

ïPros 

ÅEverybody gets to keep working on their own model. 

ÅSeems to work well for seasonal predictions 

ïCons 

ÅHeavy maintenance burden ς hard to keep all models 
equally skillful. 

ÅAddresses uncertainties in model formulation ς but not 
the effects of sub-grid scale variability. 

 



Methods for representing model 
uncertainty in ensembles 

ÅParameter perturbations 

ïPros 

ÅRelatively simple to create (no need to develop new 
schemes). 

ïCons 

ÅHow to determine the sensitive parameters, what a 
reasonable parameter range is? 

ÅNonlinear interactions between processes 
(radiation/convection/boundary layer). Easy to push 
model into an unrealistic regime. 

 



Methods for representing model 
uncertainty in ensembles 

ÅStochastic parameterization 

ïPros 

ÅPotentially a more rigorous approach. 

ÅThey have a deterministic limit ς can maintain a single 
model for deterministic and ensemble prediction. 

ïCons 

ÅHard to find observations to inform development (use 
LES simulations instead?) 

ÅShould be done from the ground-up, at the process 
level. 

 



U spread differences  

VC spread ς control spread 

SPPT spread ς control spread SHUM spread ς control spread 

STTP spread ς control spread 



Ensemble Mean Error 
         (control) 

Ensemble Spread 
       (control) 

Ensemble Spread 
(SPPT+SHUM+VC) 

Ensemble Spread 
       (SPPT) 

Geopotential Height Spread 



Z spread differences 

VC spread ς control spread 

SPPT spread ς control spread SHUMs pread ς control spread 

STTP spread ς control spread 



Specific Humidity Spread 

Ensemble Mean Error 
(control) 

Ensemble Spread 
(control) 

Ensemble Spread 
(SPPT+SHUM+VC) 

Almost all of the spread increase comes from SHUM 

Ensemble Spread 
(STTP) 



Bias 

Humidity 
 
ă Control 
 
        ALL Ą 

Temperature 
 
ă Control 
 
        ALL Ą 

Most of additional bias 
comes from SHUM 



Zonal mean T bias (120-h) 
(relative to EC analysis) 

control VC+SPPT+SHUM 
VC+SPPT+SHUM 
Modified micro-physics 

Bias eliminated if microphysics parameters appropriate for higher 
res GFS used (the model with stochastic physics behaves like a 
higher resolution model). 


