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AlgorithmsAlgorithms 
for revealing climatic variability

• Singular vectors (SV) for forward tangent operator of dynamical 
models and  the use of SV-decomposition for scenario construction 
and errors analysis ( uncertainty reducing); 

• ensembles  of prognostic scenarios with generation of  
perturbations (“breeding cycle”, Lyapunov’s vectors);

• Monte-Carlo methods for scenario constructionMonte Carlo methods for scenario construction
• Stochastic-dynamic moment equations and Liouville equations

ICMMG technology
O th l d iti f th h f li• Orthogonal decomposition of  the phase spaces of non-linear 
dynamical systems for formation of informative  basis subspaces;

• Minimization of  uncertainties with respect to given criteria of 
prognosis quality ( + data assimilation if any)prognosis quality  ( + data assimilation if any)



Scenarios constructionScenarios construction 
and adaptive monitoring with SV
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Basic relations and patterns for SVsBasic relations and patterns for SVs

   ( t ) ( t ) ( t ) 

   0 0 0 0


    

   
t

*

( t ) ( t ), ( t )

L ( ) L ( ) ( ) L L ( )   
 

0 0 0 0

0 0

      

  

L ( ),L ( ) ( ), L L ( )

( ), ( ) 0 0 ( ), ( )

t
D  evaluation domain at  t t

t
0

D target area at t=0

 0, t  “optimal” time interval (  48 h)



Partial eigenproblem for SVsPartial eigenproblem for SVs
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Lan osh algorithm•Lanzosh algorithm
•Ortogonal decomposition of perturbation spaces
•Optimal construction of perturbations 
with respect to rapidly growing SVs



Structuring and decomposition of data basesStructuring and decomposition of data bases
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Orthogonal decomposition of Zg p
on the base of optimal properties of 
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Factor subspaces 
for deterministic- stochastic scenarios

• Factor spaces
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Construction of the  vector set 0X
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Forming the guiding phase space with allowance forForming the guiding phase space with allowance for 
observation data on the subdomain
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Winter pattern of  the global 500-hPa 

J 15

geopotential height (the 1st  main factor) 
1950-2005
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Winter pattern of global circulationWinter pattern of global circulation
(the 1st  main factor) 1950-2005
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Summer pattern of  the global 500-hPa 
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Summer pattern of global circulationSummer pattern of global circulation
(the 1st  main factor) 1950-2005
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East Siberia Region

90-140 E, 45-65 N

June 1950-2005



Variability of  the  phase spaces 

i

y p p
with respect to the first main  factors

Global, 17% Eastern Siberia, 17,9% 
Eigenvectors N1, June, 1950-2005



Quantification of subspace scales
Eigenvalues of Gram matrices June 500-hPa 1950-2005Eigenvalues of Gram matrices, June, 500-hPa, 1950-2005

R i l lGlobal scale Regional scale



500-hPa



Monthly risk functions for Lake Baikal

July December



Conclusion
• The set of numerical algorithms for 

orthogonal decomposition of the phase 
spaces of  dynamical system evolution  is 
developed for  climate and ecology studies

h h d li d f i f• The methods are applied for construction of  
long-term scenarios  for risk assessment with 
respect to anthropogenic impactrespect to anthropogenic impact

• This allows us to take into account climatic 
data for environmental studies of global anddata for environmental studies of  global and 
regional scale
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