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1.THE INTRODUCTION

The territory of Siberia is more great then teryitaf European part df
Russia. Development of successful method of forecastooin summer wind$,
iIncluding squalls and tornadoes, that often resultuman and material lossg¢s,
could allow one to take proper measures against @éistnuof buildings and t
protect people. Well-in-advance successful fore¢lstn 12h to 48h) makgs
possible to reduce the losses. Prediction of theseoptema involved is a vely
difficult problem for synoptic of Siberia till noway. The existing graphic and
calculation synoptic methods still depend on subjectiecision of an operatqr.
Nowadays in Russia there is no hydrodynamic modebi@chst of the maximal
speed of storm wind with the velocity V more than 1€nmience the main togls
of objective forecast are statistical methods usingpttenomena dependence|on
a number of atmospheric parameters (predictors). NWAkee adapted for the
territory of Siberia our hydrodynamic-statistical mmds of forecast of squalls
with the velocity V>19v/s and dangerous wind V>24m&8uding tornadoes that
are now as operative methods of the forecast of {hleseomena for the territofy
of European part of Russia and Europe.




e 2. THE STATISTICAL MODEL OF SQUALLS AND
« DANGEROUS WIND ALTERNATIVE FORECAST

The meteorological situation involved the dangemusnomena —the squalls
or the dangerous wind including tornadoes with tHeory V>19m/s, is
submitted as the vect®&i(A)=(x,(A), x,(A), ...x,(A)), where n —the quantity of
the empiric potential atmospheric parameters (p

The values of these predictors for the dates andsowinere these
phenomena are observed, were accumulated in thX &8} the learned
sample of the phenomena A presence. The learned sahtpeephenomena A
absence or the phenomena B presens€R)}) was obtained for such towns,
wgere thde atmosphere was unstable and the thunaesstor the rainfalls were
observed.

The recognition model of the set¥{A)} and {X(B)} was constructed by use
the Byes approach ([1] and [2]) realized on FORTRARNY] the discriminant
function U(X) was submitted as decisive rule of thedéast of the wind
(V>19m/s):

U(X)=Xax + c, i=1,... kK, (1)
If U(X)>0, then the phenomenon A is predicting in givempand,
If U(X)<O, then the phenomenon B is predicting in given {oif?)
(If U(X)>3, is it the high probability of storm wind (V>24sh/and tornado)
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« 3. THE COMPRESSING OF THE PREDICTORS SPACE
« WITHOUT THE INFORMATION LOSSES

Before the construction of the discriminant functid{X) for the
recognition of the set9{(A)} and {X(B)} it was necessary to decide
the problems of the compressing the predictors spahkeut losses of
the information. For this purpose we have choosethfoemative
vector-predictor. It was made by the algorithna dfansmutation of
the columns and lines of the sample mean m&trix

For this purpose we put the sample magim accordance to the
connected grap@; 26 predictors are in correspondence to the graph
vertices, and the binary coefficients are in comasignce to ribs of the
graphG. Given the threshold of the connectipnve’ll keep only the
ribs of the graplés which are corresponding to the binary coefficient

rij >r. Then the connected graghbreaks up to several connected
subgraphsi in this case. Each subgra@nis corresponded to several
diagonal blocks of dependent predictors of the m&riGiven optimal
thresholdr=0.5 we have obtained three blocks of the dependent
predictors and several isolated vertices, which@wesponding to
almost independent predictors. The informative iptets — the
representatives from each block and two indepemutexictors have

composed informative vector-predictor of dimensiol k3. 4



The graf G corresponding to the mean correlation
matrix R of the predictors for the squalls forecast. Te
breaking of the graf G to the several connected

subgrafs Gi.




« 4. THE CRITERION OF MAHALANOBIS DISTANCE
« AND THE CRITERION OF ENTROPY MINIMUM

The most informative predictors in each of the kowas taken as a
representatives from this block. For this purpose axetestimated the
iInformativition of each predictors by using the aide by Mahalanobis
distanceA? =(mi(A)-mi(B))12/6?,
where m(A) and m(B) are the components bf(A) andM(B) - of the
vectors of empiric expectation of the presence asdrate of A
respectivelyg? — the mean variance.

Also the criterion of entropy minimum by Vapnik-Ciienenkis
Hmin was used for the assessment of the informativitionmediptors [3].

The criterionA? is applied for normal distribution as a rule. The
temperature, the pressure, the geopotential, tha etacity of the
wind at the different level are distributed closeth® normal one, so
we have decided to use this criterion as a very simathod.

The criterion hhin of Vapnik-Chervonenkis is nonparametric method,
we have got the program for the calculation of\tkeies khin for each
of the predictors.
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3Ha4venus paccrosinusg MaxajaHoouca v 3HaUeHUs MUHUMAJIbHOM
IHTPONUH JIA 26 NPEeTUKTOPOB.

NoNe OB o3HATeHIe Paccrosinue | MunuMajabHasi M (A) M (B)
MaxaJyioHo0uca JHTPONUA
1 Vss0 0.570 0.623 11.1 7.94
2 V700 1.33 0.558 14.0 8.98
3 V500 0.300 0.600 17.1 12.0
4 | VgsgtV7o5+Vs00 1.14 0.561 47.5 32.8
5 AH 0.382 0.625 583.0 503.0
6 oh 0.053 0.655 281.0 256.0
7 Hiconn- 0.003 0.662 828.0 837.0
8 H.1o 0.571 0.608 547.0 580.0
9 Ho 0.746 0.588 669.0 715.0
10 Dyoo 0.003 0.653 5.51 5.8
11 D500 0.002 0.667 8.15 8.4
12 D;ogtDsoo 0.011 0.668 13.7 14.2




3HaveHus paccrossHusa MaxajaHoOuca U 3HAYEHUSI MUHUMAJILHOU
IHTPONHH IJs1 26 NPeTUKTOPOB (MPOI0KeHHeE).

NoeNo O6o3HaeHIe Paccrosinue | MUHHMAaJIbHAA M (A) M (B)
MaxasoHo0Ouca JHTPONUA
12 D, o9t Dsoo 0.011 0.668 13.7 14.2
13 (T"-T)700 0.072 0.648 3.54 3.01
14 (T'-T)s00 0.626 0.610 5.30 2.91
15 X(T'-T); 0.093 0.622 8.89 5.93
16 Teons- 0.41 0.624 -50.3 -40.6
17 (T"-T)max 0.475 0.627 6.93 4.88
18 Hr Tymax 0.625 0.584 6.06 5.43
19 dT/dn 0.841 0.594 8.89 5.39
20 bpoHT 0.38 0.594 2.97 4.43
21 AP, 0.13 0.65 3.97 0.24
22 T, 0.847 0.572 27.8 23.8
23 Td, 0.978 0.58 154 11.6
24 dT/dnRsg 0.464 0.624 4.69 2.94
25 AHgsg 0.001 0.661 1.18 0.850
26 ATgso 0.005 0.656 -4.6 -0.73




As a result, the groups of the most informativedmi®rs
calculating byA2 and by Hhin are coincided, and the
iInformative vector-predictor has been compof®adn six
atmospheric parameters after this selection:

(V700, Ho, (T-T)s00, dt/dnea, Tea, Td), Where

-V700— the value of the mean velocity of the wind on the
level 700 hPa;

- Ho — the level of the isotherm ofQ , hPa;

-(T"-T)s00— the difference between the values of the
stratification curve and the moist adiabat curvelenlevel
500 hPa‘C:

-dt/dnea—the maximal difference between temperatures
over the front on the earth level at the distarfcg50 km
from the forecast point.

e - Tea—the maximal temperature on the earth lele],

o o+ Td — the maximal temperature of the dew pointhon t
earth level°C
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Tabmmma 1
[Iporno3 cmepuert 1984-1986r na texymmii gens o cpoky 004 CI'B mo
MOIOKUTEIbHBIM 3HaueHHAM (yHKIma U(X)

[lynkr Jara Vigo | Ho | (T-T)so0 a%m Trmax | TOmax | U(X)
MBaHOBO 09.06.1984 | 13| 630 9 5 24 150 3,6
3apanck 02.08.1984 | 22| 715 3 2 21 146 19

[Ien3a 21.08.1986| 20| 630 § 4 31 160 79
Ps13anb 20.08.1986 | 22| 660 I 3 3 150 78
Mockpa 31.08.1986| 18| 615 2 3 31 13p 79

ClI
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Tabnuya 2

IIporuo3 cmepueii, HadaogaBmuxca B 1984-1986rr., Ha Tekymii 1eHb
Mo 3HAYEHUSAM THCKPUMUHAHTHOH pyHkmun U(X)

[IyHKT JlaTa V700 Ho (T"-T)s00 a%n3 Tmax | TOmax | U(X)
Hsanogso | 9:06.1984 13 630 9 5 24 15,0 3.6
TMensa 21.08.1984 20 630 6 4 31 16,G 7,9
Pssans | 26.08.1986 22 660 7 3 30 15,0 7,3
Mocksa | 31.08.1986 18 615 2 3 31 13,5 7,9

Beuepom 3 wutons 2009 roma Ha ceBepo-3amage MOCKOBCKONW 00J1aCTH B TOCENKE
KpacHo3aBoack Habmogancs pa3pyumuresbHbiii cMepu. CKoOpocTh BeTpa mo mikaie bordoprta
npeBbiana 25v/c. Ha Oamkarimeii k myHkTy KpacH03aBOACK METEOPOJIOrHYECKOM CTAHIIMH B T.
JlonronpyaHbeiii ObUITM OTMEYEHBI B TEUCHHE ATHUX CYTOK MaKCHUMAaJbHBbIE MOPBIBBI BETpa CO
ckopocthio V=18-22vi/c. Kak m B IpeACTaBIICHHBIX B TaOnMIe 2 Clydasx, CHHONTHKaAMHU
IIPOrHO3UPOBAIIMCH B T€UEHHUE JHS I'PO3bI M MIOPBIBBI BeTpa co ckopocThio 15-18u/c.
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5. The model of automated hydrodynamic-statisticalorecast of
squalls and storm wind over the territory of European part of
Russia and Siberia

The values of atmospheric parameters used at {kete physic-
statistical method of squalls and storm wind wereutated by the
synoptic. The development of the hydrodynamic modttee short-
term weather forecast allowed us to develop the aatexhstatistical
fo_reé:ast of the weather phenomenon — squalls and dargstorm
wind.

We have made the new selection of atmospheric paeasnaformative
vector-predictor from new set of almost forty potahpiredictors (38).
The selection was made by same method [2] of diagaiain of new
mean correlation matrixds, andR,. The two new discriminant
functions were calculated for two classegX) - for the recognition of
the wind (V>19m/s) and i(X) - for the wind (V>24m/s) respectively.

These functions and the probabillities of the win@daist of two
classes are following:

P,(X)=1/(1+exp(-4(X)) 3)(
P,(X)=1/(1+exp(-U(X)) 4)(

These values were calculated in the nodes of thel§Od150km of the
hemispheric hydrodynamic model for the European g@faRussia. The

assessments of the independent tests of this foreedsbarof the
wind (V>19m/s) were submitted at the 1994-1995 yattke table 1.

-4 his method was recommended for the using at the sgnuactice. ;-
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The scheme of diagnosis and forecast of the dangerauscatose

phenomena like squalls, tornadoes, rainfalls.
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VIIJIDIIVI VUV DV Pu

Oo6o3nauyenue ITapameTpsbl aTMocgepsbl
1 P JlaBneHue Ha ypoBHE MODSI.
2-6 HlOOQ H850, H700, H500, FeOHOTeHHI/IaJ'I Ha YpOBHC 1000, 850, 700 , 500 , 300
Hazo0
7 T, TemmnepaTypa y MOBEpXHOCTH 3€MJIH
8-12 To2s, Tsso, T700, Temneparypa Ha ypoue 925, 850, 700 , 500 , 300la
Ts00, T300
13 Td TemmnepaTypa TOUKH pOCHI Y TOBEPXHOCTH 3EMIIH
14-18| Dgzs, Dgso Droo, Dsoo, | Hdedunmt Touku pocsl Ha ypoBHe 925 , 850, 700 , 500 ,300la
D300
19-28 Ugos 1 Vo5, Ugso ['opusoHTambHAs U BEepPTHUKAIbHASE KOMIIOHEHTBI CKOPOCTH
V850, U7OQI/I V700, U500 BETpa Ha YPOBHE 925, 850, 700, 500, 3G60Ia
1 Vsoo, Usoo 1 V300,
29 W 3HavYCHHE YIOPSTOYCHHBIX BEPTUKAIBHBIX JIBHKCHUI
30 Iw 3HavyeHne UHJIeKCa HeycToiunBocTy Baiitunra
31 Ussg-Ugos Pa3HOCTh TOPU30HTANBHBIX KOMIIOHEHT Ha ypoBHIX 850u 925
rlla
32 Vas0-Voos Pa3HOCTh BepTHKAIBHBIX KOMIIOHEHT Ha ypoBHsX 850u 925
rlla
33 Uso-U700 Pa3nocTh ropu3oHTaNBHBIX KOMITOHEHT Ha ypoBHAX 500u 700
rlla
34 V500V 700 Pa3HocTh BepTHKaIBHBIX KOMIIOHEHT Ha ypoBHsaX 500u 700
rlla
35-37 |OT,], | Tozs, Monyb rOpH30HTAIBHOTO TPaIUCHTAa TEMIIEPATYPHI Y
[0 Teso| MOBEPXHOCTHU 3eMiiH, Ha ypoBHe 925, 850rTa
38 AP, JlarutacuaH naBiieHus y NOBEPXHOCTH 3€MJIU

Ha HOBBIX apxmBax 0OydYarommx BBIOOPOK 3THUX MPEAUKTOPOB ISl JABYX KIJIACCOB HAWYMS SIBJICHUY
OTCYTCTBHS METOJIOM, OTIMCAHHBIM B [ |, ObUT BEIOpaH HOBBIN MH(DOPMATUBHBINA BEKTOP-TIPEICKA3aTEb.

1
><=(HlOOOa T31 Td31 V7001 V500_ V7OOs lw ) DT3 ) -ZIILSOO) .



Tabaumna 3

Y cnenHocTh NPOrHo3a CTUXUMHBIX BETPOB € 3a0J1arOBPEMEHHOCThIO 364
10 MOJIYC(HEPHOU MOJIENIN THAPOAMHAMUKO-CTATUCTUYECKOTO MPOTHO3a

ClI

KosnuecTBoO Ipenynpexn Kpurepuii
Haspanme | PaKTHYecKux ciyyaep | CHHOCTDL Obman IMupcu-
L e | meormme | S
(YI'MC) Haimuue |OTcyreT.a OTCYTCTBHSIB % T
SIBJICHUSI | BJICHUS 0.
Bepxhe- Nop 16 | ny2 1819 68,8; 91,3 F=91,2 T=0,66
Boskckoe
YI'MC
CeBepo- Nos 15 N> 852 93,3; 97,3 F=97,2 T=0,91
3anmagHoe
YI'MC
Tarapcrana Nopt 8 N, P3 67,5; 87 F=87.,5 T=0,75
YI'MC
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PGSY.HBT&TBI HE3aBHUCHUMBIX UCIIBITAHUU I'MmApOANHAMHUKO-CTATUCTHYICCKOI'O

METO/1a IMPOTHO3a JICTHUX OIACHBIX BETPOB CKOPOCTHIO HE MeHee 25M/¢ 110
tepputopur BBYI'MC, C3YI'MC u YI'MC Pecnyonuku Tarapcran 3a 2003-

ClI

2004T.
KommuectBo
KonnuectBo (axkTuuecKux OnpaBbl- I Obmas Kputepunit
MPOTHO3UPYEMBIX cilydaeB Cymma BaeMOCTh peﬂynp.o/ Onpas. [Mupcu-
0 mporHo3a, % | mporHo3a,
CITyJacs. C Bes nporHosa, % % OO6yxoBa
SIBJICHUEM | SIBJICHUS
Bepxue-Bomxkckoe YIMC
C gBienneM N1 11 | nip 157 | Ny 168 | U9=6,5 111=68,8 F=91,2 T=0,60
be3 aBnenus No1 5 | 1662 | nyg1667 | 165=98 [16.1=91
CYMMa No1 16 No2 1819 | Ngol1835
Cesepo-3anagnoe YI'MC
C gBienneM N1 14 | n, 23 | Ny 37 | N1a=38 111=93,3 F=97 T=0,90
be3 aBnenus No1 1 | npp 829 | Ny 830 | 1M61=99 [16.9=97
CYMMa No1 15 | ngp 852 | ngg 867
YI'MC Pecnyonuku Tarapcran
C aBieHueM N1 7 N2 49 | np 56 | Ua=12 [12=87,5 F=87,5 T=0,75
bes aBnenus No1 1 oo 344 | nyo 345| M6g9=99,7 116.1=87
CYMMa No1 8 No2 393 | ngp 401

F —o0mas onpaBabiBaeMoCTh MPOTHO34;

Hs —onpaBabiBaeMOCTh NMPOTHO3a SIBJICHUS,
HNo0s1 —onpaBabIiBaeMoOCTh MPOrHO3a 0e3 sIBJICHUS;
IIs1 — mpeaynpeskIeHHOCTH MPOTHO3a SIBJICHUS,
I10s1 11pexynpe:KaIeHHOCTh MPOrH03a 0e3 ABJICHUS;
T- 3nayenne kputepus Ilupcu-OdyxoBa




6. THE HYDRODYNAMIC-STATISTICAL FORECAST OF
THE STRONG WIND OVER THE TERRITORY OF SIBERIA

For the forecast of the phenomenon of the storm wuitidl the given advance
period 12, 24, 36 hours the values of the discrimtinfunctions and th
probabilities of these phenomena (the wind with Mni®9 and the wind wit
V>24m/s) were calculated using the prognostic valdesperative hemispherical
model of Hydrometeorological Center of Russia in tloeles of the rectanguliar
mesh 150x150 km over the territory of Siberia. Imles to change to the
alternative categorical forecast the author propdsesmpirical threshold values
specific for that territory of Siberia and for phemena of the storm wind advance
periods 12, 24, 36 hours. The prediction with tladimess 36h advance of the
summer storm wind (velocity more 24m/s) was so exattithe south o
Krasnoyarskiy areal on 18.06.05, in areal of Novoskoon 24.06.05, (V=37m/$)
In Altay areal on 24.06.05 too, in Turukhansk on7408, in the South of Teimyr
peninsula on 20.07.05 and other.

The value of estimate of the warning was 86%. Ther efr“false alarm” is no
very high, and so the value of Pirsy-Obukhov critenvoas equal T=0,78. The
territory of Siberia has not very many meteorolobstations and so hydrodyna
forecast of the storm wind is not successful. This aatomated statistical method
turned out successful and objective.
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IXWEROYATNOSTI OBRAZOVANIA SYLNIH PORIVOV VETRA NA  TERRITORII SIBIRI NA
SLEDUYUCII DEN6
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The forecast of the dangerous wind (V>24m/s) to @908 with
the earliness 36h over the territory of Siberia
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The forecast of the dangerous wind (V>24m/s) to 24.06.05 with the earliness
12h over the territory of Siberia
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The forecast of the dangerous wind (V>24m/s) t@D4A5 with
the earliness 12h over the territory of Siberia
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The forecast of day-time storm wind (V>24m/s) to08/05
with the earliness 24h over the territory of Sider
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The forecast of day-time storm wind (V>24m/s) to the term of 36h for
09.08.05 over.ihe territory of Siberia
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The forecast of the dangerous wind (V>24m/s) t@a85 with
the earliness 24h over the territory of Siberia
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/. Mopaeab ruApoIdHAMHKO-CTATHCTHYECKOT0 IPOTrHO03a CHJILHBIX
IIKBAJIOB U cMepueii 3a0/1aroBpeMeHHOCTbI0 12-36-481 Ha ocHOBe TaHHBIX
peruoHaasHoi moaeau I'MIL PD

B CBsi3u C yCHENIHBIM Pa3BUTHEM PETHOHAIBHOM MOJEIH KPaTKOCPOYHOTO
NpPOTHO3a TIOTOJIbl B CHUT'Ma-CUCTEME KOOpAWHAT C TOPHU3OHTAILHBIM
paspemenneMm /5x75 kM (aBrop — Jloces B.M.) B 2008-2010r npoBoamiuch
OIIEpAaTUBHBIC €XKEIHEBHBIE pacueThl s EBponerickon teppuropuu Poccuun u
s EBpombl mpoTHO3a CHIIBHBIX BETPOB JABYX KJIAaCCOB MO THAPOJAMHAMUKO-
CTaTUCTHYECKOM  MOJCIM  IIPOTHO3a C  HMCIIOJIB30BAHUEM  BBIXOIHBIX
IPOTHOCTHYECKHX MMOJcH (3a0iaroBpeMeHHOCThI0 12-24-36484) pernoHaibHOM
mozenu l'mmpomernentpa Poccum, KOTOpble  OKa3aducCh  JOCTATOYHO
YCIICIITHBIMH.

B 2010 romy ¢ moMolpio 3TOW amanTUpoBaHHOW K TeppuTopuu Cubupw
MOJICTM TPOTHO3a KaXXIbId JI€Hb PAaCCUUTHIBAIUCH MPOTHO3BI CHUJIBHOTO W
omacHoOro Berpa 1mo Tepputopur Cubupwu, BKIIt09as IKBAJIbl 1 CMEPYH.

B kauecTBe mpuMepoB MPUBOAATCS MPOTHO3bI cMepyua B XaOapoBCKOM Kpae
3.07.10,mropmoBoro BeTpa B Tomcke u HoBocubupcke B Teuenue 22-24.08.1(
OYCHb CHWJIBHOTO BeTpa B KpacHOSpPCKOM Kpae HOaxke B CEHTIOpe MecsIle.
BoJIbIIMHCTBO TPOTHO30B OBLIM yAAaYHBIMH. [IpeaynpexaeHHOCTh SIBJICHUN
coctaBmwia 82%. Ommbka «I10kHOUM TpeBoru» s Tepputopun Cubupu u 201(
roJly OKa3zajgach Heckoiabko Oombine, yeM B 2005 rogy [8]. Tem He meHee,
pPEe3YJIbTaThl AaBTOPCKHMX HMCIBITAHUNA ITOKA3aJld YCHENTHOCTh JAaHHOM MOJENH
IPOrHO3a, alaTupoBaHHoM s Tepputopun Cubupu (T=0,62). 25
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The forecast of the strong wind to 03.07.10. withehdiness 36h
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The forecast of the dangerous wind to 22.08.10. thighearliness 36h
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BriBoabI

AnantupoBaHHas s Teppuropun CuOMpu ruipoAMHAMHUKO-
CTATUCTUYECKAA MOJeJIb MPOrH03a HIKBAJIOB U ONMACHOI0 BeTPa, BKJIKOYAs
CMepYH, MOKA3aJ1a JOCTATOYHYI YCIHCINHOCTH NPU UCNOJIb30BAHUMN BBIXOAHBIX
JAHHBIX KaK MOJYC(pPEepHOH, TAK U PErUMOHAIBHON Moaesiel [ uapomeruenTpa
Poccun. 910 cBUAETEJIBCTBYET 0 (PU3NYECKH OJHOPOJHBIX I YMEPEHHbBIX
HIAPOT YCJIOBUAX BOSHUKHOBCHUSA CUJIBHBIX U ONACHBIX BETPOB, BKJIKOYas
HIKBAJIbI U CMEPYH.

Pa3zpa0oranHbie aBTOPOM paHee JJis1 EBponeiicko Teppuropun
CTATUCTUYECKHE MOJEJIM MPOTrHO3a JAHHBIX ABJICHUN 0KA3AJIUCHh U [IJIA
TeppuTopur CUOUPH YCTOMYNUBBIMHA OTHOCUTEJIBHO UCIIOJIb30BAHUSA
TUAPOAUHAMUYECKUX MIPOTrHO30B JABYX ONEPATUBHBIX T'HIPOIUHAMUYECKHUX
MojeJIed KPaTKOCPOYHOro nporuo3a I'mapomeruenrpa Poccun.

B nocaenyromue roast 2011-2012r. npeamosiaraercst MCMOJb30BaHMeE JIsI
rUAPOAMHAMUKO-CTATHCTHYECKOI0 MPOTrHO3a IIKBAJIOB M CMep4ei 1o
Tepputopun Cudoupu BeIXOAHBIX TaHHBLIX Moaean WRF (HoBoii Bepcun 3.1) ¢
ropu3oHTaJIbHbIM pa3pemienneM 20x20 kM Jisl yTOYHEHUS M JIOKAJIM3AUN
MPOrHO30B IITOPMOBOI0 BETPA U 0Y€Hb CHJIBHBIX 0CAJKOB.
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