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General simulation algorithms of gaussian sequences  
with a given correlation matrix 
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 Models of gaussian joint time series 
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Simulation algorithm of gaussian vector 
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Method of conditional distributions functions 
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Calculation of matrix coefficients 
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Models of periodically collerated random processes 
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 Method of inverse distribution function  
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1.  On the basis of the real data                              the one-dimensional 
distribution                 is estimated  ( )F xξ

2.  The normalized sequence                             is constructed : 
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Aproximation of distributions 

Mixture of two gaussian distributions: 
Temperature 
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Fig 1.   Empirical  -1 и model -2  density. 
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Fig 2.    Empirical  -1 и model -2  density. 



Mixture of two gamma distributions: 
Module of wind speed 
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Fig 3.    Empirical  -1 и model -2  density. 
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Fig. Histogram of daily average values of relative humidity and the density of the mixture of two beta distributions . 

Approximation of one-dimensional distribution of relative humidity  
by mixture of two beta distributions 
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Real data: 8 times per day measurements of air temperature, 
Astrakhan,  34 years. 
 
 
 
 
 
 
 
 
 
 
 
         
          Air temperature, January 1967 (red line) и 1987 (blue line) years. 
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  Correlation function of daily average temperature (- - -) and the correlation function of the 
temperature with a step equal 3 hour  (----), calculated in the assumption of stationarity of the 
process,  January (Astrakhan) 

Correlation function of time series of air temperature  
(the stationary approximation) 



Let                               is  periodically collerated 

sequence with zero mean and block Toeplitz covariance matrix 
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Piecewise-linear envelope correlation function of periodically 
correlated process 
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Example 
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Correlation function of sequence calculated with the help of the model samples in the 
stationary approximation (red curve) and piecewise-linear envelope curve (blue curve).  



Numerical simulation of air temperature time series 

       Correlation functions  of real (left part) and model (right part) time series.(Periodically   
correlated,  january, Astrakhan) 

Correlation functions  of actual (red line) and simulated in stationary approximation 
(blue line) time series  (january, Astrakhan) 
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1. Stationary model with correlation function estimated by real data 
2. Stationary model with piecewise-linear correlation function 
3. Periodically correlated model 



Statistical characteristics of real and simulated time series 

LºС 
3 hours 6 hours 

РД СМ СМКЛ ПКМ РД СМ СМКЛ ПКМ 

-5 0.6509 0.6512 0.6516 0.6508 0.5412 0.5415 0.5419 0.5410 

-10 0.0364 0.0362 0.0371 0.0365 0.0347 0.0342 0.0350 0.0348 

-20 0.0312 0.0315 0.0319 0.0311 0.0301 0.0307 0.0311 0.0302 

-25 0.0282 0.0283 0.0284 0.0280 0.0225 0.0229 0.0232 0.0224 

-30 0.0000 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0003 

t ºС 6 hours 9 hours 
РД СМ СМКЛ ПКМ РД СМ СМКЛ ПКМ 

5 0.1310 0.1520 0.1582 0.1339 0.2325 0.2397 0.0241 0.2334 
10 0.0112 0.0201 0.0012 0.0109 0.0330 0.0313 0.0311 0.0330 
15 0.0020 0.0009 0.0009 0.0018 0.0040 0.0037 0.0036 0.0041 
20 0.0004 0.0002 0.0002 0.0003 0.0007 0.0011 0.0012 0.0007 
25 0.0002 0.0001 0.0001 0.0003 0.0002 0.0002 0.0001 0.0002 

Table 1. Probabilities of the events:  the air temperature decreases below of  the certain 
level during the given  period 

Table 2. Probabilities of the events: temperature changes on the certain value during the 
given period 



Probability                                        that the temperature changes  by С = 1,2,3,4,5,10,12 (°С)   
during  6,12,18,24 hours. Model data - (-----) and real data - (- - -) ( May-June, Sverdlovsk) 

( )ip l jp mP Cξ ξ+ +− ≥

Statistical characteristics of real and model time series 
(periodically correlated model) 



Average values                               of air temterature      and levels С = 0, 6, 10 
(°С) by day (Sverdlovsk).  

, 1,iE i pξ = K

Periodically correlated model with linear trend 



Probability                   of temperature decreasing below the  
level С during the given period 

, ( , )i lP c L
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Numerical models of non-stationary time series of  
air temperature and wind (Astrakhan) 
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, 1,2i j = - number of element (1 – temperature, 2 – module of wind speed) 
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Empirical characteristics of air temperature and 
wind  speed 

Mean	  
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Variance	  
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1 – mean for 23 of january;  
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3, 4 – limits of statistical  estimation error 1 и 2. 
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Structure of correlation matrix 
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The first collateral diagonal of the correlation matrix of module of wind speed 



Precision of reproduction of the entrance parameters of models 
  

Mean Standart deviation 

1 – real data,  2 – model data 
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Results of joint modeling of air temperature and  
module of wind speed 

Wind speed  2,5 m/s - 4,5 m/s 

1 –  model data, 2 –  real data. 
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Results of joint modeling of air temperature and  
module of wind speed 
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Results of joint modeling of air temperature and  
module of wind speed 

1 –  model data, 2 –  real data. 

Probabilities of joint realization of events: 
02.5 / , ,iV m s C T T− <
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Conclusion 

	   	   	   	   	   	   	   	  The numerical stochastic parametrical models of joint  time series of 
various weather elements  (air temperature , speed of a wind, relative humidity 
etc.), taking into account one-dimensional distributions and matrix correlation 
functions of real processes are constructed. The approximation of  periodically 
correlated process is used. According to this approximation  the daily periodic 
character of parameters of one-dimensional distributions and correlation 
functions is taken into account.  

             On the basis of these models the statistical properties of the adverse 
meteorological phenomena (for example, long adverse temperature phenomena, 
adverse combinations of meteorological elements etc.) are investigated. 
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