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§  Predictability  
 

§  Low order systems 
§  Bred vector and predictability 
§  Global model: CPTEC-INPE 
§  Predictability: Ensemble prediction vs Bred Vector 

§  Neuro-fuzzy: machine learning for inference    (not shown) 

§  Final Remarks 
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    History 
§  Edward N. Lorenz 
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    Lorenz’s attractor 
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Edward N. Lorenz 
Simplest chaotic system:  
the Lorenz Attractor.  
A metaphor for weather  
unpredictability 



    Lorenz’s attractor 
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    Lorenz’s system 

•  Two initial conditions (Y component): (w0) and (w0+Δw) 
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    Are the chaotic systems predictible?  

•  Chaotic regime: evolution non-linear differential equation 

•  Chaotic systems: determistic equations 

•  A class of chaos system: dynamics is confined in a region 

•  Strange attractors have fractal dimention  

•  They have at least one positive Lyapunov exponent 
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    Are the chaotic systems predictible?  

•  Chaotic regime: evolution non-linear differential equation 

•  Chaotic systems: determistic equations 

•  A class of chaos system: dynamics is confined in a region 

•  Strange attractors have fractal dimention  

•  They have at least one positive Lyapunov exponent 

•  They are strongly dependent on the initial conditions 
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    Are the chaotic systems predictible?  

•  Questions: 
Ø   When will the changes go 

      to occur in the dynamics?  

Ø   How long will the new period be?  
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    Are the chaotic systems predictible?  

•  Questions: 
Ø   When will the changes go 

      to occur in the dynamics?  

Ø   How long will the new period be?  

•  Bred vectors can help us! 

•  What is bred vector?  
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•  Bredding is a method to estimate forecast errors.  
•  It is applied in weather models (operational centers). 

•  Bred vectors are simply the difference between two model runs:  
•  The second originating from slightly perturbed initial conditions 

(periodically rescaled) 

		Bred	vector	
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    Mathematical implementation  
1.  Start with a initial perturbation:  

2.  Evaluate de perturbation:  

3.  Evaluate perturbation propagation, after n time-steps 

4.  Evalute the growth ratio: 

5.  Re-scale the perturbation, and repete the process. 

		Bred	vector		
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		Bred	vector:	Lorenz	system	
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		Bred	vector:	Lorenz	system	
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		Bred	vector:	Lorenz	system	
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   Bredding method for predictability  

•  Evan et al. (Bulletim of AMS, 85, 520-524, 2004) have 
investigated the bred vector ratio growth to infer some 
“prediction rules”.  
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   Bredding method for predictability  

•  Evan et al. (Bulletim of AMS, 85, 520-524, 2004) 

•  Using bred vector approach two “prediction rules”: 

1.   When the growth rate exceeds 0.064 over a period of 
eight steps, as indicated by the presence of one (or more) 
red stars, the current regime will end after it completes the 
current orbit.  

2.   The length of the new regime is proportional to the 
number of red stars. 



    How good is the prediction? 
§  Ensemble prediction  

o  Data for statistical properties 
o  Statistical tendencies 

 

§  Confidence interval 
o  Large confidence interval: low predictability 
o  Short confidence interval: high predictability 

		Predictability	
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    How good is the prediction? 
§  Ensemble prediction  

o  Data for statistical properties 
o  Statistical tendencies 

 

§  Confidence interval 
o  Large confidence interval: low predictability 
o  Short confidence interval: high predictability 

§  Predictability: degree of confidence in forecast 

§  Predictability: quantifying uncertainty 
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		Ensemble	predicDon	
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High predictability 
(ensemble convergence) 

Low predictability 
(ensemble dispersion) 

WMO’s report describing/suggesting ensemble prediction   



    Ensemble prediction and confidence interval  
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§  Numerical Weather Prediction 
§  Relevant and computer intensive simulation 
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§  Numerical Weather Prediction: equations 

 

		Ensemble	predicDon	
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Movement Equation  (momentum) 

Continuity Equation  (mass) 

Thermodynamic equation (energy) 
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	CCIS’16	Proceedings	
		www.epacis.net/ccis2016/en/	
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    Ensemble: 15 members 
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    Ensemble: 15 members 
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		Bred	vector	

35 

    Re-scaling at each 6 hours 



		Ensemble	x	Bred	vector	

36 

    Re-scaling at each 6 hours   (12/Dez/2014) 
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    Re-scaling at each 6 hours (12/Dez/2014) 
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    Re-scaling at each 6 hours (16/out/2012) 
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    Re-scaling at each 6 hours  
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  Ensemble: isoTemp 305                         Ensemble: isoTemp 295 



		Ensemble	x	Bred	vector	
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    Ensemble: max-Var                              BV: max value 



    Predictability: some remarks  

1.   Bred vector demands less computer effort than ensemble 
prediction. 

2.   There is a good agreement between ensemble maximum 
variance and higher magnitude of BV. 

3.   When a desagreement is noted, the BV indicates a kind 
of low predictability – see South America case. 

4.   The BV technique can be employed to the CPTEC-INPE 
mesoscale prediction (BRAMS) and for SUPIM prediction. 

		Ensemble	x	Bred	vector	
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		BRAMS	model	
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Pollutant  emission by forest 
fires and urban-industries 

Regional scale 

Large scale 

Mega-cities 
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    http://brams.cptec.inpe.br 
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      BRAMS 5.2 (new version)  
      Air quality and weather prediction 



		BRAMS	model	
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		SUPIM	model	
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		SUPIM	model	
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n  7, 13, 19 UT: March 19th, 2011 



		SUPIM	model	
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n  7, 13, 19 UT: December 19th, 2011 



	
Obrigado!	


