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Overview

 (Extremely) Brief Introduction

 [1] BM A applied to SRNW PPEPS : im plem entation & 
verification
 Tem perature

 Determ inistic forecast: RM SE and Training period
 Determ inistic im provem ent as a function of RM SE
 Probabilistic forecast: Pdf and rank histogram s
 New: Im proving prob. forecast by fitting a com bination of two norm als to 
the m odel error distributions.

 Surface Pressure
 Om itted ; very m uch the sam e as T2m  

 Precipitation
 Probability of zero precipitation 
 Bias correction as a function of am ount of precipitation

 [2] SRNW PPEPS / BM A: daily interface to forecasters?
 Some example results of the semi operational PEPS / BMA 

application

 Conclusions  Plans for the near future&



W hy BMA? Possible benefits:  

 The use of deterministic forecasts is supported by providing a 

calibrated model spread as a measure of predictability;

 Calibrated reliable probabilistic forecasts can be derived by 

determining complete PDF’s of atmospheric variables;

 Better representation of extreme events

 Avoiding jumpiness 

 Comparative verification between models (slightly forbidden)

 Easy introduction of new models (verification and training)

 The subjectivity of a “model switch” can be avoided.
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 The use of deterministic forecasts is supported by providing a 

calibrated m odel spread as a measure of predictability;

 Calibrated reliable probabilistic forecasts can be derived by 

determining com plete PDF’s of atmospheric variables;

 Better representation of extreme events

 Avoiding jumpiness 

 Comparative verification between models (slightly forbidden)

 Easy introduction of new models (verification and training)

 The subjectivity of a “model switch” can be avoided.



How does BMA work? (Raftery et al.) 

At observation points a continuous PDF is calculated as a 

weighted combination of PDF’s of individual forecasts.

 

W eights correspond to the quality of information of individual 

models (as determined during a  flexible  “training” period). – –

Point information is then used to construct forecast fields.



 1) Bias Correction

„The model is estimated from a training set of recent data by 
maximum likelihood using the EM algorithm. 
Good results with a 15-25-day training period.“
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2) Bayesian Model Averaging (BMA)
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Basic principle



 
PEPS-Grid 
with a grid spacing of 
0.0625° (~7 km) 

The SNRWP-PEPS ensemble:
 



Selected set of PEPS data (for 

evaluation)
 Tmax:      00 UTC forecasts and valid time is +1 8h
 1 2h-prec: 00 UTC forecasts, range from +06...+1 8h
 MSLP:     00 UTC forecasts and valid time is +30h

(forecasts of MSLP go to the next day - forecasts of the other quantities 
refer to the same day)

Verifying observations are provided: 

   SP : two days     after the forecast  

   T2m : one day       after the forecast 

   Prec. : three days   after the forecast 



            Optimizing the training period: 

T2m BMA-RMSE (histogram) as a function of training period [days]
(dotted curve = RMSE of ensemble mean, with bias correction based on the same 

training period, showing that the improvement id not only a bias correction effect)    

NB: Dutch stations only



Example of a verification run: 

 T2m PEPS data
 Training period = 24 days
 G eographical bounds (lat / lon):
       50.5000      53.5000      3.50000      7.50000
 286 days of data 
 About 1 50 stations
 # valid BMA results:
       1 7446 ( = 44 %  of total stations x dates)

 BMA_nov1 3_T2m_train24_exxtDutch_train24.sav



A brief overview of RMSE results (T2m) per station
(NB: stations are sorted by the averaged RMSE of the ensemble mean)



How much does BMA improve RMSE?



           Now  the probalistic view:

Simply applying BMA yields an combined pdf that is 

still very overdispersive:



It appeared that the overdispersion was caused by an 

imperfect representation of the error characteristics of 

the models: 

BMA is based on the assumption that the RMSE during 

the training period reflects the “sigma” of a GAUSSIAN 

model error curve. 

However, a single normal doesn’t fit too well: 

 imodel,,     bestsigma,          bestfit 
       
   0 1.25800    0.0137451
  1 1.33000    0.0159487
  2     1.26600    0.0127665
  3       1.63600    0.0106152
  4      1.63800   0.00942067
  5      1.39600   0.00692943
  6      1.49800    0.0137691
  7      1.44800   0.00938512 
  8     0.988000    0.0366131
  9      1.25800    0.0213786
 10      1.21800    0.0153199
 11      1.75400    0.0103923
 12      1.21800    0.0142761
 13      1.38600   0.00801911



The fitting leaves very different 

residues:
    imodel,          residu

  0  4.17229e-07
  1  1.15396e-07
  2  1.49710e-07
  3  4.24683e-07
  4  9.53982e-07
  5 -2.04496e-07
  6  7.68444e-07
  7  2.33122e-07
  8  5.52483e-07
  9  3.54477e-07
 10  6.33936e-07
 11  1.85222e-07
 12  6.40284e-07
 13 -1.24463e-07

 tot zover de single gauss fit
 %  Stop encountered: FIT_NORMAL_DISTRIBUTION  544
   /nobackup/users/alkemade/DW D_BMA/bma001 .pro



Model error distributions (empirical):



Residus after fitting to a single normal  



Possible solution for overdispersion of 

BMA calibrated PEPS

 Model error distributions have long tails, not 

represented by the normal that fits best to the 

overall error distribution.

 Perhaps therefore model error distributions are 

better represented by a combination of two 

normals.

  Preliminary results: 
 - normal 1  has sigma = 0.45 * rmse

 - normal 2 has sigma = 1 .2   * rmse

 - Error distribution = 0.6 * normal 1  + 0.4 * normal 2

 This improves the reliability of the PDF and 

increases the sharpness 



BMA calibrated ensemble, double gauss error distribution



Same error representation applied to the 

Unweighted ensemble. 

(This shows that the calibration really was done by BMA, not only 

caused by the improved error representation)



Precipitation

 Less consensus between models

 More complicated bias correction

 Error curves modeled as :

       delta function at 0 + gamma function for non-zero

How does PEPS verify?

 May 2007  nov 2007 , about 50 stations–
 4200 observations in total 

 Training 20 days



BMA:   P(prec. = 0.0 mm) vs Observ.

Observations are indexed according to amount of precipitation 
(NB: curve heavily smoothed)



BMA:   P(prec. <  0.5 mm) vs Observ.
(NB: curve heavily smoothed)



Part of the problem lies in the bias correction: 
Bias correction based on single averages per m odel cannot match 

forecasts with observations: 



Solution:  Bias correction per m m  observed precipitation. 
(If correction factors are based on the entire dataset they produce a 

good fit for this dataset (but that’s trivial)



Good news: Bias correction factors as a function of 

amount of precipitation seem to be consistent, also 

when empirically derived from only parts of the total 

data set (in this case first en second half) :



Prelim inary precipitation results: 

The ensemble mean of forecasted precipitation 

gives an improvement of about 20 - 30%  (dependent 

on amount of precipitation) in RMSE compared to 

the average individual model.

It’s not yet clear whether BMA adds further 

improvement in terms of RMSE. (probably not)

But BMA yields a somewhat usable P(prec=0), and 

a pdf.



Examples from the (daily) 

semi-operational SNRW P-PEPS BMA 

calibration.
 Tmax:     00 UTC forecasts and valid time is +1 8h
 1 2h-prec: 00 UTC forecasts, range from +06...+1 8h
 MSLP:     00 UTC forecasts and valid time is +30h

(forecasts of MSLP go to the next day - forecasts of the other quantities 
refer to the same day)

Exam ples were selected in a (totally) objective way :  
     The following exam ples are the m ost recent com parisons 

(between BM A calibrated forecasts and verifying observations) 
that were available last Friday afternoon.



    SP for 02/04/2008:  

Observ. BM A

Ens. 
M ean BM AError



pdfs of the SP forecast 

(plus verifying observations)



SP: probabilistic forecast

25% 75%

90%10%



T2m BMA forecast for 02/04/2008

Observ. BM A

Ens.
M ean

BM AError



T2m BMA forecast for 03/04/2008

Observ. BM A

Ens.
M ean

BM AError



pdfs of the T2m forecast



Example
pdfs of the T2m forecast (enlarged)



  T2m probabilistic forecast

25% 75%

10% 90%



Observ. Compared to probabilistic forecast

Observ. BM A

25% 75%



  2008040118 52.45  5.53   43   53   54   45   50   59   59   52   45   26   54   10   62   43   23   44   44   30  6269
  2008040118 53.22  5.77   55   62   53   43   57   61   73   44   55   23   43   25   69   58   29   54   59   80  6270
  2008040118 52.70  5.88   45   61   49   43   59   68   70   43   43   16   55   16   67   52   25   48   64   30  6273
  2008040118 52.07  5.88   42   45   39   30   45   38   44   42   47   23   45    6   46   37   18   34   32   30  6275
  2008040118 53.42  6.20   55   54   50   38   49   68   65   43   54   39   42   23   79   50   28   42   42   50  6277
  2008040118 52.43  6.27   44   55   46   37   55   63   65   60   35   17   57    8   64   48   18   35   53   30  6278
  2008040118 52.73  6.52   56   60   43   36   60   53   73   42   43   13   52   15   68   48   26   37   59   30  6279
  2008040118 53.13  6.58   60   64   36   38   53   47   72   37   46   20   41   16   66   44   26   43   59   60  6280
  2008040118 52.07  6.65   48   50   39   32   50   48   57   39   39   14   48    6   54   44   18   25   56   90  6283
  2008040118 53.20  7.15   42   61   39   33   43   28   66   37   36   20   35   15   62   46   21   33   39   50  6286
  2008040118 52.27  6.90   46   49   35   33   48   45   55   39   30   13   52    7   55   43   13   27   38   30  6290
  2008040118 51.45  3.60   25   26   23   16   15    4   11    3    4    0   24    4   13   34   27   50    4    0  6310
  2008040118 51.23  3.87   28   21   21   16   18    4   13    2    4    0   20    3   18   35   29   39    2    1  6319
  2008040118 51.53  3.90   27   31   26   25   20    8   18    3    8    0   26    5   18   41   29   48    3    7  6323
  2008040118 51.98  4.10   36   42   42   47   30   21   31   14   28   38   38   11   37   54   36   41    9   10  6330
  2008040118 51.95  4.45   36   45   33   41   35   22   33   19   22   33   34    6   43   50   29   41    9   10  6344
  2008040118 51.97  4.93   43   50   37   33   40   30   39   21   36   27   37    6   45   39   24   58   26   20  6348
  2008040118 51.57  4.93   34   36   29   28   36   16   27    6   17   17   28    3   30   36   23   43    3   10  6350
  2008040118 51.87  5.15   42   46   37   33   44   27   45   18   36   26   36    5   45   39   24   53   23   20  6356
  2008040118 51.45  5.42   34   35   30   16   45   11   30    5   17   11   28    2   33   24   21   45    2   10  6370
  2008040118 51.20  5.77   32   26   24   19   40   14   29    3   13    5   28    2   35   19   17   38    3    6  6377
  2008040118 50.92  5.78   25   20   20   15   24   13   19    1   11    3   23    2   27   18   17   41    3    2  6380
  2008040118 51.50  6.20   45   46   31   23   47   22   41    4   47   13   32    3   43   36   19   28   15    7  6391

Some PESP precipitation forecast for April 1 st 

(Dutch stations) 



Deterministic rain forecast April 1 st

Observ. BM A

Ens.
M ean BM AError



Probabilistic forecast:

25% 75%

10% 90%



Probabilistic forecast compared to obs. 

Observ.

Ens.
M ean

75%

90%



Conclusions

 The uncalibrated PEPS ensemble mean already gives better 

deterministic forecast than any of the members for T2m, SP and 

Prec..

 BMA-calibration  when combined with the “double normal” fitting - –
yields sharp and reliable PDFs and a (slightly) better deterministic 

forecast (compared to ensemble mean) for T2m and SP 

 BMA of Precipitation is not yet fully evaluated, but both the 

(uncalibrated) ensemble mean and the BMA calibration perform 

better than individual models. BMA adds pdfs and a P(zero), and 

yields a less ‘washed out’ field. 



Plans for the near future

 Applying BM A to (+/) 48 h forecasts
 Applying BM A to a larger area 
 Evaluating & optim izing BM A of precipitation forecasts
 Including m ore param eters (wind, perhaps rel.hum .)
 Further im proving probabilistic forecast for T2m  ans SP by fitting two 

norm als to the individual m odel error distributions, also allowing for 
asym m etry .

 Testing new interpolation m ethods to yield m ore realistic SP fields
 Dialogue  with forecasters
 Applying BM A on a m ini ensem ble of UKM O / Hirlam  / ECM W F



                          Thank you


