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Abstract: One of the crucial factors affecting the safety and regularity of state and civil aviation flights is the meteorological
situation. The European territory of Russia is most characterized by dangerous meteorological phenomena associated with
cumulonimbus clouds: shower, thunderstorms, hail, accompanied by high atmospheric turbulence. Currently, meteorological radar
stations are an indispensable source of information about the weather situation for air transport. The criteria for the classification of
meteorological phenomena used in modern radar stations are formed for each event separately and are based on knowledge only
about the altitude distribution of radar reflectivity and air temperature, despite the fact that radar data assess the wind characteristics
of the atmosphere. It is shown that optimization of the classification criteria for the mentioned meteorological phenomena should be
realized by generalization of the criteria and their construction in accordance with the theory of statistical hypothesis distinction, as
well as by additional use of information on atmospheric turbulence. Based on the analysis of radar signals reflected from the
meteorological events of shower, thunderstorm, and hail, probability distributions of reflectivity and specific dissipation rate of
turbulent energy were obtained. Statistical analysis of probability distribution densities was carried out for: the maximum value of
reflectivity Zmax, its dependence on height H(Zmax), as well as the maximum specific dissipation rate of turbulent energy
EDRmax and the value H(EEDRmax). The classification criterion based on the maximum probability functional was chosen to
determine the structure of classification algorithms and decision rules. At the same time under the acceptable confidence is accepted
the value of the probability of correct classification not lower than 0.8. For the accepted criterion the decision thresholds are
constructed and the complete matrices of classification probabilities are calculated. The results of calculations showed that the worst
informativeness in the classification of dangerous meteorological events of cumulonimbus cloudiness have parameters H(Zmax),
H(EDRmax). Parameters Zmax, EDRmax have greater separating ability, but even for them the confidence of classification is
unacceptable. In the article to increase the confidence of classification the joint use of features in the form of multivariate
probability distribution densities of information parameters was applied. The best results are achieved when three
p(Zmax,H(Zmax), EDRmax) and four p(Zmax,H(Zmax),EDRmax,H(EDRmax)) features are used. In the probability matrices for
these cases, the maximum and acceptable at 0.8 level of probabilities of correct classification are achieved. Thus, the expansion of
the feature space due to atmospheric turbulence is justified in the problem under consideration. These results will be refined with
increasing observation time and will vary for different climatic zones. In general, the decision thresholds for classifying dangerous
meteorological events of cumulonimbus cloudiness should be adaptive.
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Cratbst HOATOTOBJIEHA B paMKax MOJJIEPKaHHOTO TpaHTOM Poccuiickoro Hay4Horo poH1a mpoeKTa
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AnHotammsi: OfHMM W3 pemaronmx (GakTopoB, BIMSIONIMX Ha OE30MaCHOCTh W PEryJSIPHOCTH II0JIETOB TOCYIApCTBEHHOM
U TPAXIAHCKOW aBHAIMH, SBIETCS MeTeoposiornueckas oocraHoBka. s EBpomeiickoii Tepputopuu Poccum HamOosee
XapakTepHbI OIAacHbIE METEOPOJIOTHYECKUE SIBJICHMS, CBSI3aHHBIE C Ky4eBO-JOXKIEBOM OOJIAYHOCTBIO: JIMBEHb, I'po3a, Tpal,
COINPOBOXKIAIOLINECS] BHICOKOM TypOYJIEHTHOCTBIO arMocdepsl. B Hacrosiiee BpeMss METEOpPOJIOTHUYECKHE PaNoIOKaIIOHHBIC
CTaHIMK SIBISIOTCSl HE3aMEHHMBIM HCTOYHHKOM HMH(OPMAlMM O METE0O0OCTaHOBKE JUIsl BO3IYIIHOTO TpaHcropta. Kpurepuu
KJ1acCH(HKaLNN OITAaCHBIX METEOSIBIICHHH, HCTIONB3yeMble B coBpeMeHHBIX PJIC, chopMupoBaHb! 71t K&XKIOTO SBJICHUS OTEIBHO
U OCHOBaHbl Ha 3HAHMAX JIMIIb O BBICOTHOM PACIPENENICHUH PAAUONOKALIMOHHONW OTPaKa€MOCTH M TEMIIEPATyphl BO3MIyXa,
HECMOTpsI Ha T0, uTo AaHHbIe PJIC oneHMBaOT BETPOBBIE XapakTeprcTHKN atMocdepsl. IToka3aHo, 9To ONTUMH3ALMS KPUTEPHEB
KIIacCU(UKAIINKA YKa3aHHBIX METCOSBJICHHH JOJDKHA OBITh peann3OBaHa IyTeM OOOOIIEHHS KPUTEPHEB M MX IIOCTPOSHHUS B
COOTBETCTBUH C TEOPUEH Pa3IMYCHHUs CTATUCTUUECKHMX T'MIOTE3, a TAKXKE JOMOIHUTENIBHBIM HCIIOIB30BAaHUEM HH(OPMALU O
TypOyneHTHOCTH atMocdepsl. Ha ocHoBaHMM aHanM3a pagvoIOKALMOHHBIX CHTHAJIOB, OTPKEHHBIX OT METEOSBIICHUH JIMBEHB,
Ipo3a, Ipajl, ObLIN TOTyUYEHbI BEPOSITHOCTHBIE PACTIPECIICHUS OTPAXKAEMOCTH U YIEIIbHON CKOPOCTH AUCCHIIALNK TYpPOYJICHTHOH
sHeprud. lIpoBeneH CTaTMCTHYECKMH aHAIM3 IUIOTHOCTEW pacHpeneNIeHUsl BEpOATHOCTEM Ul MAaKCUMAJIBHOIO 3HAYECHUS
OoTpa)kaeMOCTH Zmax, €€ 3aBUCUMOCTH OT BbIcoThl H(Zmax), a Tamke MakCUMyMa YAEIbHOM CKOPOCTU JHCCHIIAINI
TypOysenTHo# sHeprun EDRmax u Benmumnbel H(EDRmax). [lnst onpenesieHust CTpyKTypbl alrOpUTMOB KilacCH(HKALMU |
NpaBWJI TIPUHSTUS pEIIeHHH ObUT BHIOpaH KpHUTEpHH KiIacCH(UKAIMM, OCHOBAaHHBIH Ha MaKCHUMyMe (yHKIMOHAJA
nipasonooous. [1pu 3ToM 1oz npuemMIeMoi JOCTOBEPHOCTBIO IIPUHATO 3HAUYESHHE BEPOSITHOCTH TPABHIILHOM KilacCH(HKALN He
Hixe 0,8. Jis IpUHATOro KpUTEpHsl NOCTPOEHBI MOPOTH MPUHATHS PELIEHUN U BBIUKCICHBI MONHBIE MATPULII BEPOATHOCTEN
Knaccuukanyy. Pe3ynabTaTel BBIYMCICHWH IOKa3ald, YTO HAWMXYALIYI0 HMH(GOPMATHBHOCTH TIPH KIACCH(UKAIMKM OIMacHBIX
METeOsIBIICHHH Ky9IeBO-IOXKIEBOI 00magHoCTH nMetoT npm3Haku H(Zmax), H(EEDRmax). bonbrreit pa3nemnsirorieii criocoOHOCTBIO
obmamaror mpu3Haku Zmax, EDRmax, omHako W IS HHUX [OCTOBEPHOCTh KiacCH(puKamiy HempuemieMa. B cratee s
HOBBIILIEHUS IOCTOBEPHOCTH KiIacCu(UKamiy ObUIO NMPHMEHEHO COBMECTHOE HCIONB30BaHUE NPHU3HAKOB B BHJIE MHOTOMEPHBIX
IUIOTHOCTEH paclpesieNieHiss BEepOSTHOCTEH HMH(OPMALMOHHBIX NapameTpoB. Hawmydmme pe3ysbTaTbl OOCTHTAIOTCS IIPH
ucnonb3oBanuu 1pex p(Zmax, H(Zmax), EDRmax) un uerbipex p(Zmax, H(Zmax), EDRmax, H(EDRmax)) npusHaKkos.
B matpuriax BeposiTHOCTEH 11 3TUX CIydaeB JOCTUIHYThl MAKCHMaJIbHBIE U TIpreMiieMble Ha ypoBHe 0,8 3HaueHHs BEpOATHOCTEH
npaBWIbHON Kitaccudukaimu. Takum o0pa3om, B pacCMaTpyUBacMOid 3ajiaue paciiMpeHre TPU3HAKOBOrO MPOCTPAHCTBA 3a CUET
TypOyJIEHTHOCTH aTMocdepsl SIBISIETCS ONpaBIaHHBIM. [laHHBIE pe3yibTarhl OyAyT YTOUHSTBCS IPH YBEIMYECHHH BpPEMEHH
HaOJIONEHUS M BapbUPOBAThCS UL PA3NIMYHBIX KIMMATHYeCKHX 30H. B o0mieM ciydae MOpord NpHHATHS PEICHHi NpH
KJ1acCH(HKALMN ONTACHBIX METEOSIBIICHNH Ky4eBO-I0/IEBOI 00JIaYHOCTH JIOJDKHBI OBITh a/JalITHBHBIMHL.

KnaroueBble cj0Ba: METEOPOIIOTHYECKU  PAJMONOKATOp, OIMACHBIE METEOPOJIOTMUECKUE — SIBIICHHS, KIIACCH(DHKAIINSL
METEOPOIIOTHIECKUX SIBIICHUH, paclo3HaBaHHE O0pa3oB, paszersromias (DYyHKIMS TPH3HAKOB, 0aHECOBCKUI TOIXO[, TOPOTH
MIPUHATHS PELLICHUH.

Jnsi nutupoBanus: Bacwiber O.B. Anammz nH()OPMATHBHOCTH MPH3HAKOB KIACCH(HMKAIMKM ONMACHBIX METCOSBICHHU II0
pe3yabTaTtaM pauoiokaioHHbix HaomoaeHuii / O.B. Bacumbes, D.C. bosipenko, A.H. Cagenbes, H.B. 'opbaues / Hayunsiit
Bectauk MI'TY I'A. 2024. T. 27, Ne 3. C. 8-22. DOI: 10.26467/2079-0619-2024-27-3-8-22

Introduction flights is the meteorological situation. The Euro-
pean territory of Russia is most characterized by
dangerous meteorological phenomena associated
with cumulonimbus clouds: shower, thunder-
storms, hail, accompanied by high atmospheric

One of the contributing factors affecting the
safety and regularity of state and civil aviation
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turbulence' [1, 2]. The given dangerous meteor-
ogical phenomena pose threat for both takeoff
and landing and flight performance, unlike con-
ventional precipitation, wind and clouds®. Be-
sides that, dangerous meteorological phenomena
associated with cumulonimbus clouds, contain-
ing water in different phase conditions as a radar
reflector, are available for meteorological radar
stations surveillance’,

Currently, meteorological radar stations are
an indispensable source of information about the
weather situation for air transport. Now there
are two domestic meteorological radar stations in
the Russian Federation: DMR-S [3-5] and MR-
NZ “Monocle” [6,7] with C and X ranges re-
spectively, completely meeting the current re-
quirements. The given meteorological radars op-
erate using the pulse-doppler principle, also al-
low to estimate the wind characteristics of the
atmosphere, such as vector velocity field, turbu-
lence presence and value, on condition clutter
return is available. The mentioned mospheric
factors may be used as highly informative signs
of dangerous meteorological phenomena associ-
ated with cumulonimbus clouds.

The criteria for the classification of meteoro-
logical phenomena were formed in accordance
with guidance documents® [8]. At the same time
all criteria used in modern radar stations are
formed for each event separately and are based
on knowledge only about the altitude distribution
of radar clutter return and air temperature, de-
spite the fact that radar data assess the wind
characteristics of the atmosphere quite exactly.

The federal service for hydrometeorology and environ-
mental monitoring third estimation report on climate
change and its consequences on territory of the Russian
Federation. General summary. (2022). St. Petersburg:
Knowledge-intensive technologies, 124 p. (in Russian)
Ministry of transport order “on federal aviation rules
establishment “The Russian Federation civil aircraft
flight preparation and performance”, no. 128 dated July
312001. GARANT.RU. Available at:
https://base.garant.ru/196235/ (accessed: 19.11.2023).
Ministry of Transport Order “On Federal Aviation Rules
Establishment “Meteorological data provision for air-
craft flight performance”, no. 60 dated March 3 2014.
GARANT.RU. Available at:
https://base.garant.ru/196235/ (accessed: 19.11.2023).
The Russian Federation armed forces meteorological ser-
vice guidance, (AFMSG — 95). (1995), 92 p. (in Russian)
Observation and data use guidance with non-automatic
DMR-1, DMR-2 and DMR-5 radars. (1993). SPb.: Hy-
drometeopublish 350 p. (in Russian)
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Optimization of the classification criteria for
the mentioned meteorological phenomena should
be implemented by:

e generalization of the criteria and their con-
struction in accordance with the theory of sta-
tistical hypothesis distinction [9—14];

e additional use of information on atmospheric
turbulence.

Task for classification criteria optimization is
specified in [15], parametrical description for
maximum clutter return and turbulence distribu-
tion densities by values and altitudes is formed.

The paper continues the aimed research.

Problem statement

Classification problem of weather phenome-
na associated with cumulonimbus clouds is to
solve the following mutual issues basing on ra-
dar observations:

e forming the classification alphabet, in this
case these are: “shower-thunderstorm-hail”;

¢ choosing the sign space of the maximum value
of reflectivity Zmax, as well as the maximum
specific dissipation rate of turbulent energy
EDRmax, its dependence on height H(Zmax),
and the value H(EEDRmax);

e forming of sign probability description with data
parameters p(Zmax/w;), p(EDRmax/w;),
p(H(Zmax)/w;), p(H(EDRmax)/w;),  where
i € {l, gz, gd} probability distribution densities;

e choosing the statistical criteria of dangerous
weather phenomena associated with classifica-
tion for decision making threshold values, bas-
ing on data quality and classification veracity
required.

The iterative sequence of problems is to cor-
rect signs and criteria in order to reach veracity
required.

There is a probability sign description in [13].
Distributions close to Gaussian ones: lognormal,
Weibull, Riley, Riley-Rice, B-distribution were ob-
served to estimate the empiric datum meeting the
theoretical ones. For probability density distribu-
tions p(Zmax/w;), p(EDRmax/w;), p(H(Zmax)/w;),
p(H(EDRmax)/w;), where i € {l, gz, gd}, differ-
ent Pearson y~ agreement criteria hypothesis test-
ing for 0.01 relevance level has shown experi-
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Table 1
Rice distribution parameters for rain shower, thunderstorms and hail
Parameter Shower | Thunderstorm | Hail
H(Zmax)
ME-mean pu=2 u=3.5 u=4
SD 6y =25 o,=3 oy=4
H(EDRmax)
ME-mean pu=2 u=3 u=4
SD oy =25 o,=4 o,=4.5
Zmax
ME-mean p=22 p=29 p=42
SD o, =7 o, =8 o, =10
EDRmax
ME-mean p=0.2 nu=0.5 p=0.61
SD 0, =0.2 o, =0.12 ox = 0.08

mental relative frequences maximally meeting
the general Riley-Rice distribution

p(xi, i, 0)) = exp (%) o (25). ()

where Iy(z) is a modified Bessel function of the
first kind and zero-order. p and ¢ parameters are
strictly not the mathematical expectation mean
(ME) and standard deviation (SD), nevertheless
they express respectively the distribution form.
There are p and o values for maximum reflecti-
bility and turbulence, along with their altitude
distribution for rain shower, thunderstorms and
hail basing on experimental studies in Table 1.
The given table is essentially a parametrical
dangerous weather phenomena associated with
cumulonimbus clouds “rain shower-thunder-
storm-hail” sign classification description.

Let us take the obvious assumption: in case
of reliable radar observance range data absence
and justified loss matrix while taking mistakea-
ble decisions the relative sign x distribution den-
sities while ®; p(x/m;) weather phenomenon ob-
servation, where i € {shower,tstorm, hail}.
The given statistics allows decision making
based on the maximum-probability criterion to
meet ® = i, which is chosen.

p(x/m;) > p(x/wg) for all k#i. (2)

Sufficient statistics for conditions adopted
define the optimal decision structure and data
proceeding approach [16—18].

11

“Other event” class is to be included in the
alphabet whole forming the whole event group
in case of strict classification problem statement.
In the given statement the weather phenomenon
“rain shower” is the lowest by its danger and es-
sentially not threatening neither by precipitation
intensity, nor by cumulonimbus clouds with con-
tinuous precipitation (“rain shower”), along with
“tornado” which is higher by danger, neverthe-
less, not frequent for European part of Russia
temperate latitudes. The latter defines integration
limits while calculating respective decision-
making probabilitys, like it will be further
shown [19].

Besides that, let us take an assumption about
sign independence, which will significantly sim-
plify problem solution without considerably in-
fluencing its result.

Thus, let us define vocabulary classification
signs information value and their impact on de-
cision-making reliability for assumptions and
limits taken. At the same time let us take the
right classification probability value not less then
0.8 as an appropriate reliability.

Analysis of dangerous weather
phenomena associated with
cumulonimbus clouds signs
information value

Maximum plausibility criterion (2) forms al-
ternative threshold i, k; i # k considering (1) as
an equation
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Forming a threshold pair Agp, tstorm (Zmax) = 274 dABZ, hgp tstorm (Zmax) = 37.2 dBZ is the ex-

ample of the pdf pair of equation solved p(Zmax/w;),at i € {sh, tstorm, hail}.
The full matrix of classification probabilities [9] can be formed for any x sign for Zmax, EDRmax,

H(Zmax), HLEEDRmax) multitude

Pshsh (x) Pshtstorm (x) Pshtstormhail (x)
P(x) = Ptstormsh (x) Ptstormtstorm (x) Ptstormhail (x) s (4)
Phailsh (x) Phailtstorm(x) Phailhail(x)

which elements are calculated as

( Psh,sh (X) — fohsh,tstorm ) p(x’ Sh) dx;

fhtsorm,hail (x) (x Sh) dx:

Psh,tstorm(x) = hsh,estorm (X) p

Psphair(x) = fhtstorm hail (x)p(x, sh) dx;

h
Ptstorm,sh (x) = fO shistorm (%) p(x, tstorm) dx;
h .
f tstorm,hail ) p(x’ tStOTm) dx;

)\ Ptstorm,tstorm(x) = Jngh estorm ()

[ee]
P tstorm,hail(x) = fhtstorm nail (x)p(x, tstorm) dx;

Praivsn () = [0 p(x, tstorm) dux;
Rtstorm hai ) .
Phaisn(x) = fh;;m; ()lc) p(x, hail) dx;

Phaivhair(x) = fhtstorm it () p(x, hail) dx,

\

where diagonal elements define right decision-making veracity.

12
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Fig. 3. Decision thresholds for the EDRmax parameter

Using 0 and oo as integrity limits is not totally
correct, nevertheless analysis of dangerous
weather phenomena associated with cumulonim-
bus clouds signs information value problem

statement allows it.

For case in Figure 1 there is

0.715 0.263 0.022
P(Zmax) =|0.347 0.463 0.19 |. (6)
0.05 0.218 0.732

In (6) there are high probabilities of mixing
up in case of non-sufficient right classification
values, especially in terms of thunderstorm. For
H(Zmax) (fig. 2) decision making thresholds

13

have the values hsh'tstorm(H(Zmax)) =

4.63 km; htstorm,hail(H(Zmax)) = 6.53 km.
High curve overlapping square is expressed
in inappropriate classification matrix values,

each in its own quality.

0.759 0.153 0.088
P(H(Zmax)) =|0.518 0.205 0.277.(7)
0374 0.177 0.449

Almost the same can be seen for
H(EDRmax) where the thresholds have the val-
ues Ngp tsorm ((EDRmMax)) = 5.09 km;
htstorm,hail(H(EDRmax)) = 6.89 km
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0.791 0.156 0.053
P(H(EDRmax)) = |0.463 0.220 0.317
0.359 0.208 0.433

The situation for EDRmax (fig.3), thresholds
are gy ¢storm(EDRmMax) = 0.39 m?s~3,
RestormnairH(EDRmax) = 0.54 m?s~3 is hard-
ly ever better. In case of a thunderstorm the

plausibility of decision is unacceptable.

0.712 0.205 0.083
P(EDRmax) = |0.146 0.440 0.414(.(9)
0.002 0.170 0.828

Thus, H(Zmax), H(EDRmax) signs possess
the worst informative value in terms of danger-
ous weather phenomena associated with cumu-
lonimbus clouds classification. Zmax, EDRmax
signs present more dividing abilities, neverthe-
less thunderstorm classification reliability is also
inappropriate for them.

p(x1, Wy, 01, X3, Up, Oy, ...

where p(x;, u;, 0;) is (1).

There are two-dimensional distribution den-
sities p(Zmax, H(Zmax)/®;) and p(EDRmax,
H(EDRmax)/w;) respectively in Figures 4 and 5.

The respective probability matrixes look like

P(Zmax, H(Zmax)) =

P(EDRmax, H(EDRmax)) =

(8)

» Xn» Un, O-n) = H?:l p(xi' Hi, Gi)a

Vol. 27, No. 03, 2024

Estimation of dangerous weather
phenomena associated

with cumulonimbus clouds
classification in multidimensional sign
space

The recognition theory is an obvious solution
of the problem occurred [9, 20]. Joint use of
signs, for instance, as multidimensional random
data parameters Zmax, EDRmax, H(Zmax),
H(EDRmax) [21] distribution densities is neces-
sary in the given class alphabet in order to in-
crease weather phenomena classification reliabil-
ity. For the assumption about sign statistical in-
dependence their probability distribution density
n looks like

(10)

Thresholds for two-dimensional cases by
numerical method [18, 22] are planes, crossing
each other in Figures 6 and 7, presented as
curves.

For the most informatively valuable Zmax and EDRmax signs matrix is equal to

P(Zmax, EDRmax) = |0.141

0.753 0243 0.004
0.320 0.505 0.175], (11)
0.040 0216 0.744
0.761 0.175 0.064
0.146 0.463 0.391]. (12)
0.003 0.181 0.816
0.769 0.161 0.070

0.683 0.176|. (13)
0.031 0.159 0.810

Matrix (13) predictably presents the best classification reliability markers. Let us analyze the in-
crease of this marker with the given problem dimension increase. Thus,

14
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p( H(Zmax), Zmax/w;)
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Fig. 4. Surface of the two-dimensional probability density of the radar reflectivity
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Fig. 5. Surface of the two-dimensional EDR probability density
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Fig. 6. Projection of the dividing plane onto the horizontal plane for p(H(Zmax), Zmax/w;)
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Fig. 7. Projection of the dividing plane onto the horizontal plane for p(H(EDRmax), EDRmax/w;)

0.809 0.174 0.017
0.231 0.553 0.216|, (14)
0.075 0.173 0.752

P(Zmax, H(Zmax), H(EDRmax))

0.788 0.146 0.066
0.251 0.497 0.252{, (15)
0.049 0.144 0.807

P(EDRmax, H(EDRmax), H(Zmax))
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Fig. 8. Relative increase in plausibility of heavy shower classification with increasing number of features

P(Zmax, H(Zmax), EDRmax)

And then

P(Zmax, H(Zmax), EDRmax, H(EDRamx))

Probability matrix (17) has predictably
reached the maximum correct classification
probability values. Only the plausibility of thun-
derstorm classification is below the required lev-
el. However, in case of practical implementation
the threshold hgp, ¢5¢0r-m may be slightly lowered,
considering the greater hazard of the thunder-
storm, or both thresholds hgpseorm and
hsh tstorm and C to equalize the plausibility for
all classes.

There are sums and probability right classifi-
cation increase for rain shower, thunderstorm
and hail respectively with different nomenclature
and number of signs in Figures 8, 9, 10. In case
of rain shower increase from one-dimensional
problem to four-dimensional one was only

17

0.800 0.195 0.005

=(0.162 0.691 0.147]. (16)
0.024 0.159 0.817
0.839 0.138 0.023

=(0.145 0.701 0.154]. (17)
0.022 0.157 0.821

13.5 %. Almost appropriate reliabilities for rain
shower occurred already in two-dimensional var-
iants. The whole increase for thunderstorm was
100%. Nevertheless, the appropriate classifica-
tion reliability is not reached even in a four-
dimensional variant. Zmax u EDRmax signs
possess the most informational value. The given
parameter distribution by altitudes is correlated
and by this reason is less informative. The per-
cent sum of decision-making reliability increase
in “one- to two dimensional” problem inter-
change is 30.22 %, “one- to three-dimen-
sional” — 34.6 %, “one- to four-dimensional” —
49.3 %. This confirms that the sign space in this
case is necessary considering the ‘“dimension
curse” [9].
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Fig. 9. Relative increase in plausibility of thunderstorm classification with increasing number of features
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Conclusion

It is shown that maximum plausibility crite-
rion is the most productive for dangerous weath-
er phenomena associated with cumulonimbus
clouds classification problem in case there is no
reliable data or respective loss matrix. Decision
making thresholds are calculated and full proba-
bility classification matrixes are formed for one-,
two-, three- and four-dimensional sign spaces for
the criterion taken.

Results analysis has shown that H(Zmax),
H(EDRmax) signs are the least informatively
valuable in dangerous weather phenomena asso-
ciated with cumulonimbus clouds classification.
Zmax, EDRmax possess the more dividing abil-
ity. Thus, sign space expansion due to atmos-
phere turbulence is justified in the given prob-
lem. The percent sum of decision-making relia-
bility increase in “one- to two dimensional”
problem interchange is 30.22%, “one- to three-
dimensional” — 34.6%, “one- to four-dimensio-
nal” —49.3%. The best results are obtained while
using three p(Zmax, H(Zmax), EDRmax)
and four
p(Zmax, H(Zmax), EDRmax, H(EDRmax))
signs. Maximum and appropriate (up to 0.8)
right classification probability values are calcu-
lated for these cases in probability matrixes.
Thunderstorm classification veracity is insignifi-
cantly lower. However, in case of practical im-
plementation the threshold hgptsrorm may be
slightly lowered, considering the greater hazard
of the thunderstorm, or both thresholds
hsh tstorm and Agp ¢seorm and C to equalize the
plausibility for all classes.

The given results are based on observations
in Upper Volga region for one summer period.
They will obviously be refined during a longer
observation period and vary for different climate
zones. The authors are currently researching and
estimating the dangerous weather phenomena
associated with cumulonimbus clouds statistic
characteristics variability for different European
part of Russia meteorogical zones during a num-
ber of summer periods. The paper is being pre-
pared for publication. In general decision mak-
ing thresholds for dangerous weather phenomena
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associated with cumulonimbus clouds classifica-
tion should be adaptive and will be formed au-
tomatically in the foreseen future.
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