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cneral simulation algori ' ences

with a given correlation matrix
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Models of gaussian joint time series

f(n) (5 <r>§<t>1< §<z>)
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where R, k=0K ,n-1 are 2px2p matrixes
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Simulation algorithm of gaussian vector

g(n) 2 (nga §2T9K ? gnT)T

Method of conditional distributions functions
1 1
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c. =

¢, 0K .0, Egp =1, Ep¢ =0,k=I, Blkl=(B/[k],...B[k]), k=1,..,n-1],
B.[k] are pX p matrixes, Cl. are lower triangular P X P matrixes, CiCl.T =(.
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CalculatioW
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Recurrent algorithm
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Models of periodically collerated random processe
Scalar periodically collerated sequence
51 > 52 DK 5 gp 9 §p+1 b §p+2 9K 9 §2p DK 9 §n_1)p+] 5 g(n_l)p.pz DK 5 gnp

Conditions for periodically colleration of random process é :

EE( +T)=EE®R), D&t +T)=DE&(L), R.(¢;+T,8,+T)=R.(1,¢,).

Numerical simulation of gaussian periodically collerated sequences
1

§i % (§1i’ §2i9K ” gpi)Ta i=19K 1

1 T
= f0) fak =0 )
T=pAt, Ts<t,, At=t, -t (t=0At=1),

1 1 1
For infinite periodically collerated sequences &6 K& K

we can use a many-dimensional autoregression model of the order n-1:
1

1 1 r
5, = BIT [a-—l]g - #K + BnT-l[n = 1]§—(n—1) +C,_.9,




Method OW
E=F"(®(n)).

d(x) = f e du — standard normal distribution function ,

1
NoT
1], — gaussian sequence, Mn, = 0, Dnt =1. M nn, =g

M&sEE —MEME.
G gg] gl 5] =R (g;)
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Rup (2,) = [ [ F7(@)F (@))@(x, v, g,)dxdy.
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Simulation method based on the normalization of
~arcaltime-series

1. On the basis of the real data £ , &, ,K ,£  the one-dimensional
distribution F,. (x) is estimated

2. The normalized sequence 7}, ,772>K »1, 1S constructed :

0= (F(E)), P(x) = ﬁ [edu

3. On the basis of the normalized sequence the covariance function
N* pN* R ;
Ro ,Rl ,K ,Rn 1S estimated.

Gaussian sequence M -1, K 17,

: N* N* N* g
function R, ,R ,K,R’° is constracted.

with the covariance

The sequence 51352,1( 9§n with the help of transformation

g = Fg_l(q)(ﬂi )) of elements n. of Gaussian sequence 1s
constracted.

The correlation function is determined by used transformations




Aproximation of distributions

Temperature

Mixture of two gaussian distributions:
(X—Nl t)

p,(x) = 7 o= 1 g) e
’ V2o, N2ro,,

k
2 2
F(@t ) ful,t ’ fu2,t > Ol,f 2 02>t ) E

=]

0.30 — P

T @ T @

0.00 T T T | 0.00

10

Fig 1. Err;};irical -1-11(:1 model -5 density. Fig 2. _mEmpiricalo -1 1 model -2 denzsoity.
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Flo, u,.1,.0%,02,)= 015055 FlO,. 10, 1,,0%, 07, )= 0,00424

A. C. MapueHko, J1.A. MuHakoea. BeposiTHOCTHaa Mofesib BpeEMEHHbIX PSA0B TeMnepaTypbl Bo3ayxa. //
MeTeoponorus n 'mgponorusi, 1980, Ne 9, c. 39-47.




Aproximation of distributions

Module of wind speed

Mixture of two gamma distributions:

X
Vig =1 A *

p.(x) =06, —
: : ;lﬂ,itf(vl,t

)+(1—

k
F(Ht Vi Vass /11,; > /12,t ) = E

i=] pi,t

AW 20,64652, 4" = 0,64687,| 4" - 4] = 0,00035
F( t’ﬂl,t’ﬂ2,t’012,t’a22,t)= 0,15055

Fig 3. Empirical -1 u model -2 density.
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Approximation of one-dimensional distribution of relative humidity
by mixture of two beta distributions

% el Gy Bhee 2 =
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Fig. Histogram of daily average values of relative humidity and the density of the mixture of two beta distributions .
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Estimation of the matrix covariation function
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Real data: 8 times per day measurements of air temperature,
Astrakhan 34 years.

TeMnepaTypa

’f li yh

\
>50 Homep usmepenus

Air temperature, January 1967 (red line) u 1987 (blue line) years.
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Correlation function of time series of air temperature
(the stationary approximation)

KoacddUUMEHT KOppenaumu

w0 18 22 2% .E‘;U.Holme.pc;;fm};

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)




Piecewise-linear envelope correlation function of periodic
correlated pr

Let 55K, gp’§p+l’ §p+2’K ’§2p’K J §(n_1)p+1a <§(n—1)p+2’K ’gnp is periodically collerated

sequence with zero mean and block Toeplitz covariance matrix
TR (A S L

R R R - L -

SRS L. : Rk = Rk )
R R R pade i gelinil g
P+ 18 value of linear function at the point (Ip+1t)  passing through the points

(lp, M), ((Z+1)p, (=10 _0,n-2,t=0,p-1, and L0, weighted average of the elements

up. 1P,

of h-th diagonal jf the matrix R( ) with weights il :

np
Statement |
If forall 7 k rko > rkl, then P = ,01;;: n— o,

Consequent
1 np—h

Let O, = E E §§t+h- At N —> 0 forall j,k the inequality plp = ,0; ,, takes place.
1=1
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et 519 ggaK 5 §pa§p+1a §p+29K ,§2p,K 5 g(n_1)p+1a §(n_1)p+2,K 9§np

be periodically correlated sequence with block -Toeplitz covariation matrix
R, =G, ®R,,

where G (gZ), gz - exp(—a‘i—j), i,j=0K ,p-1,

R, =("), ! =exp(-plk-1), k,I=0K ,n-1,
a=0.9, =04, p=8.

T i AJ¥§ , ‘

=20 40 SO S0

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

. Stationary model with correlation function estimated by real data
. Stationary model with piecewise-linear correlation function
. Periodically correlated model

Koppensuust

T T T T T T T ; |
s0 100 150 —o0o =250 HOMep U3MEPECHUS

Correlation functions of actual (red line) and simulated in stationary approximation
(blue line) time series (january, Astrakhan)

IO

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

3 hours

6 hours

Pl

CM

CMKIJI

ITIKM

P]

CM

CMKJI

[TIKM

0.6509

0.6512

0.6516

0.6508

0.5412

0.5415

0.5419

0.5410

0.0364

0.0362

0.0371

0.0365

0.0347

0.0342

0.0350

0.0348

0.0312

0.0315

0.0319

0.0311

0.0301

0.0307

0.0311

0.0302

0.0282

0.0283

0.0284

0.0280

0.0225

0.0229

0.0232

0.0224

0.0000

0.0001

0.0001

0.0001

0.0000

0.0001

0.0001

0.0003

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

6 hours 9 hours

PJ1

CM

CMKIJI

[TIKM

Pl

CM

CMKIJI

I[TKM

5

0.1310

0.1520

0.1582

0.1339

GO9S

ARl

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

given period




atistical characW

(periodically correlated model)

BepoatHocTe —— MogencHEle faHHEE

Peancurie ganume

Bpema

Probability P (I§p+l ~&.,.m| 2 C) that the temperature changes by C = 1,2,3,4,5,10,12 (°C)
during 6,12,18,24 hours. Model data - (-----) and real data - (- - -) ( May-June, Sverdlovsk)
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Periodically correlated model with linear trend

Temnepatypa

C=0
1 3 12 15 18 21 24 27 30 Homep cyTtok
16.05 30.05 14.06 Hara

Average values Efl., i=LK p ofair temterature  and levels C =0, 6, 10
(°C) by day (Sverdlovsk).




Probability P,(c,L) of temperature decreasing below t
| level C during ' i

] BepoarHocTe —— MogmeneHEE JaHHEE
BEPOHTHOCTL — MO,E(EJ'IBHHE OaHHEIE 1 PeancHEle AdaHHEIE
1
] PeancHEIEe JaHHEE 0.9 1
0.9 1 ]
| 0.8 7
0.8 1 1
' L=3h C=10C. =1 L=3h C=6"C
= 3nour, C = : = 3nour, C = :
T: :
0.6 T ; i
0.5 T
0.4 14
0.3 7%
0.2 1
0.1 1
11 4 8 12 16 20 24 28 32 36 40 44 43 52 56 60 64 63 72 76 80 L, cpox 1 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 L, cpox
16.05 20.05 25.05 30.05 3.06 7.06 [Hara 16.05 20.05 25.05 30.05 3.06 7.06 HOara
0z BepoarHocTe —— IMonencHEIE JaHHEE
- X 5 PeancHuEe JaHHEIE
BepoATHOCTE —— MoxeneHEIe JaHHEIE i
02 1 0.18
b PeaneHEIE aHHEIE |
0,18 0.167
01617 0,14
L =3hour, C=0"C L=6h C=0C
012 o * 1 Our’ ‘
1 0.1
0.08 7
&
i v VYo ] R PO ; N e U A P e
R TRTIE T TR R T TR R TR TR T T TR L cpox 1 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 B4 B8 72 76 80 L, cpox

20.05 25.05 30.05 306 706 Iara 16.05 20.05 25.05 30.05 3.06 7.06 Hara



Numerical models of non—statlonary time series of
alr tempera

RI'I' RI'I'

Ry = M(é —Mg)(g —Mg%':)T = Rcf%(l) Ri))gr(:)
e

r

Lok

T L B i B

[=—L n=1

N - years, L — smoothing step, k, S = I,K ,K, -number of days

i,] = 1,2 - number of element (1 — temperature, 2 — module of wind speed)




Empirical characteristics of air temperature and

Variance

T T A T

0

0

Means of module of wind speed for 2 days:

1 — mean for 23 of january;

2 —mean for 24 of february;

3, 4 — limits of statistical estimation error 1 u 2.




Structure of correlation matrix

(o ele] 100 .00 =200.

The first collateral diagonal of the correlation matrix of air temperature

\ \ \
100 .00 200 ._ 0O 300 .00

The first collateral diagonal of the correlation matrix of module of wind speed




Precision of reproducti he entrance parameters els

Standart deviation

Line of correlation matrix

1 —real data, 2 — model data




Results of joint modeling of air temperature and

0.30 —

{
40

Wind speed 2,5 m/s - 4,5 m/s Wind speed 4,5 m/s - 6,5 m/s

Probabilities of joint realization of events: T < —15°C, |4 s|V| <V,

1 — model data, 2 — real data.




Results of joint modeling of air temperature and
module of wind spee

0.12 — P

TT T T 1| Cpown
0 8

T

Probabilities of joint realization of events: |V| —-2.5ml/s,

T=+7,+4,+1,0,-2,-8,-11,-14,-17,-20 °C, 1 - model data, 2 — real data.
(Astrakhan)




Results of joint modeling of air temperature and
* W

=
3

ol
32

0
Probabilities of joint realization of events: |V| -25m/s’C, T<IT,

T=+7,+4,+1,0,-2,-8,-11,-14,-17,-20 °C, 1 - model data, 2 — real data.
(Astrakhan)
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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 1s 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.




U

The study of statistical characteristics of atmospheric processes involving adverse
weather conditions, such as significant long-term decreases of air temperature,
droughts, long-term stormy weather when a strong wind is accompanied by heavy
precipitation, etc. is of great scientific and practical importance. For example, this is
important in problems of agroclimatology, navigation, planning of heating systems,
and many other applications.
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