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Abstract: The meteorological situation is one of the decisive factors determining the safety and frequency of civil aviation flights.
Weather hazards (WH), associated with cumulonimbus clouds, such as a heavy shower, thunderstorm, hail, combined with high
atmosphere turbulence, quite often lead to aviation events and even accidents. Currently, a domestic weather radar system of the
near airfield zone (WR) “Monocle” has been developed and successfully operated. The criteria for the classification of
meteorological phenomena (MP), used in the WR, have been developed individually for each phenomenon and have some heuristic
character. These criteria are cumbersome and complicate the process of automating the WH classification. In this case, there is a
natural desire to generalize the criteria and optimize them in accordance with the theory of distinguishing statistical hypotheses.
This article discusses the application of the Bayesian approach to the WH classification. The statistical Bayesian decision theory
assumes decision-making in terms of the probability theory when all significant probabilistic values, so-called sufficient statistics,
are known. In order to obtain statistical descriptions of the probability distributions of reflectivity and the eddy dissipation rate
(EDR), an analysis of radar signals, reflected from such MP as a rain shower, thunderstorm, hail was carried out. The article
provides brief descriptions of the methods of conducting experiments to form statistical database and its analysis. Based on the
above methods, the statistical parameter H(EDRmax) analysis for a rain shower, the amplitude distribution of reflectivity
parameters and the EDR (Zmax, EDRmax) for thunderstorms and hail was carried out, which showed the low distinguishing ability
of each individual parameter when solving the problem to classify MP within the assigned alphabet. The obvious solution is
dictated by the theory of recognition. To increase the classification confidence, it is essential to share information parameters, for
example, in the form of multidimensional distribution densities of the probabilities of random parameters. The article presents a
parametric description of the MP “rain shower-thunderstorm-hail” classification features. An analysis to evaluate the probabilistic
characteristics of the WH classification for the adopted empirical classification criteria in the WR shows that the adopted criteria are
far from optimal in terms of the probabilities of the correct classification, especially in the rain shower case. It is obvious that a
problem solution of the assigned classification confidence is associated with the optimization of the feature space and classification
criteria. Based on the data obtained, it is necessary to build an algorithm to classify the WH “rain shower-thunderstorm-hail”.
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O0ocHOBaHME MCXOIHBIX JAHHBIX MAPAMETPUYECKUX AJITOPUTMOB
KJIacCH(PUKANNY ONACHBIX METEOSIBJICHU I
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npoekra Ne 23-29-00450

AHHOTanmsi: Meteopornorudeckasi 0OCTaHOBKa SIBIACTCS OJHWUM M3 PELIAloNMX ()aKTOpOB, OHMPEAESSIOIINX O€30MacHOCTb U
PEryISPHOCTH TOJIETOB IPaXkKITaHCKOM aBuarmi. OmnacHsle Mereopoormdeckue sieieHns (OMS]), cBsi3aHHBIE C Ky4eBO-I0XKICBON
00J1a4HOCTBIO, TaKKME KaK JINBEHb, IPO3a, IPaJl, B COUECTAHUH C CONPOBOKIAOIIEH MX BBICOKON TypOyJIEHTHOCTBIO aTMOc(epbl
HEPEIKO MPUBOMAT K aBHAIIMOHHBIM COOBITHSIM M Jake aBHakaracTpodam Bo3ayinHbx cyznoB (BC). B Hacrosimee Bpemst
pa3paboTaH M YCHEIIHO 3KCIUTyaTHPYETCsS OTCUCCTBCHHBIM METCOPOJIOTHUCCKUM PATHOJIOKAIIMOHHBIA KOMIUICKC OJMDKHEH
aspoapomuoii 3081 (MPJIK BA3) «MoHoknby. Kpurepun knaccudukanyy mereosiBieHui, ucronsdyemble B MPJIK BA3,
pazpaboTaHbl I KOKAOTO SIBICHUS OTACNIBHO U HOCSAT HEKOTODBIN 3BPHCTUYECKUH XapakTep. [laHHbIe KPUTEPHH TPOMO3JIKH U
3aTpyAHSIOT Tpolecc aBroMarn3aumy kinaccupukanun OMSL. B stom ciydae BO3HHMKAaeT €CTECTBEHHOE KellaHHe 0O0OOIIHTH
KpPUTEPUH U ONTUMM3UPOBATH HUX B COOTBETCTBUM C TEOpUEH pa3sIMYeHUs] CTaTUCTUUYECKHX IMNoTe3. B naHHON craThe
paccmarpuBaetcs IipuMeHeHne baliecoBeckoro moaxona x kinaccudukamym OMSI. Cratuctiudeckast Teopust IPUHATHS PELLICHUH,
pazpaboranHas baliecom, 0CHOBaHa Ha BEIOOPE PEIICHHS B paMKaX TEOPHH BEPOSITHOCTEH, KOTIA N3BECTHBI BCE TPE/ICTABIISIOINE
MHTEPEC BEPOSITHOCTHBIE BEJIMYMHBI, TaK HA3bIBAEMbIE JIOCTATOUYHBIEC CTATUCTHKH. C IENBIO MOTyYEHNs] CTATUCTHIECKUX ONACAaHNH
BEPOSITHOCTHBIX PACIIPEIENICHII OTPaKaeMOCTH M YIENIBHOH CKOPOCTH JUCCHIAIMU TypOyJIeHTHOM SHEpruy ObUI HMPOBENCH
aHaIN3 PaJUOJIOKALMOHHBIX CHTHAJIOB, OTPAKEHHBIX OT TAKUX METEOSBIECHUH, KaK JIMBEHb, IP03a, Ipaj. B crarbe mpuBeneHbI
KpaTKHE OIMCAHWS METOMMKH IIPOBEHEHHS SKCIEPUMEHTATIBHBIX HCCIENOBaHMH 111 (OpMUpOBaHMS 0a3bl CTATUCTUYECKHX
JIaHHBIX U ee aHaim3a. Ha OCHOBaHMHM NMPHBENCHHBIX METOAWK OBbLI MPOBEIEH CTaTUCTHUYeCKuid aHaim3 napamerpa H(EDRmax)
JUIL JIMBHS, a TaKXe AaMIUIUTYAHOIO paclpesiefieHHs MapaMeTpoB OTPaKaeMOCTH M YAENbHOM CKOPOCTH JTUCCHUIAILIUU
TypOyseHTHO# sHepruu (Zmax, EDRmax) mist rpo3 u rpana, KOTOPBI MOKa3al HEBHICOKYIO Pa3iMYMTEIBHYIO CHOCOOHOCTh
KaKJIOr0 OTZENIBHOTO TapameTpa IpH pelIeHMH 331aud KIacCU(UKAIlMM METCOsIBICHHH B IIpenesiax 3a/aHHoro aidasuTa.
OueBuAHBII BBIXOA U3 CO3JABIICHCS CUTyallMd JIUKTYeT TEOpHs paclo3HaBaHUs. /[l MOBBIIIEHHS JOCTOBEPHOCTU
Kiaccu(HKayn HeoOX0MMO COBMECTHOE HCIOJIb30BaHUE MH(OPMALMOHHBIX MapamMeTpoB, HalpuMep, B BUJIE MHOTOMEPHBIX
IUIOTHOCTEH pAacHpelesieHns] BEpOSTHOCTEH CllydalHBIX MapaMeTpoB. B cTarbe NpUBENEHO NAPaMETPUUECKOE ONKCAHUE
NPU3HAKOB KJIACCH(MKAIIMK METEOPOJIOTUUECKUX SIBJICHUH <UIMBEHb — Ipo3a— Tpam». AHAIN3 OLEHKH BEPOSTHOCTHBIX
XapakTepucTHK Kaccudukarwm OMS st mpHHATHIX SMIHpHUYecKux Kputepues kiaccudukarmi B MPJIK BA3 nokaseBaert, 4to
HPUHATBIE KPUTEPUHN JATIEKH OT ONTHMAIBHOCTH C TOUKH 3PEHHUS BEPOSATHOCTEH MPAaBIIIBHON KilacCU(UKALK, 0COOSHHO B Cly4ae
¢ muBHeM. O4eBUIIHO, YTO pELICHHE 3aJa4K 3aJaHHON JOCTOBEPHOCTH KJIACCH(UKAIIN CBSI3aHO C ONTUMH3ALMEH PH3HAKOBOTO
MPOCTPAHCTBA M KpUTepueB Kinaccudukanyu. Jlanee, HA OCHOBAaHHHU TOTy4YEHHBIX JAHHBIX, HEOOXOAUMO MOCTPOMUTH AITOPHTM
Ki1accH(HKaLMN ONTACHBIX METEOSIBJICHUH «JIMBEHb — IP03a — rpajy».

KiroueBble ciioBa: MCTEOPOJIOT MUYECKUHN paanosiokatop, OJIVMDKHSASL 30HA aspoapoma, OIaCHbIE MCTCOPOJIOTMYCCKUE SABJICHUS,
KJ'IaCCI/I(bI/IKaIII/IH METCOPOJIOTUICCKUX ﬂBHeHHﬁ, CTaTUCTHYCCKUI aHAIN3 TaHHBIX.

s nutupoBanus: Bacmieee O.B., Bospenko D.C., T'amaesa K.M. OOocHOBaHWE WCXOMHBIX TAHHBIX IApaMETPUYECKUX
AITOPUTMOB  KJTacCH()MKAIMK OMacHbIX MereosieieHnit // Hayumenii Becramk MITY TA. 2023. T. 26, Ne 6. C. 8-21.
DOLI: 10.26467/2079-0619-2023-26-6-8-21

Introduction

A meteorological situation is one of the deci-
sive factors determining safety and flight regu-
larity of civil aviation. Weather hazards
(WH) [1], more specific for the European part of
Russia and associated with cumulonimbus such
as a rain shower, thunderstorm, hail coupled

with high atmospheric turbulence, quite often
cause aviation events and even accidents of air-
craft (A/C) [2]. The phenomena are the most
hazardous during takeoff-landing procedures [3].

Currently, a revolutionary domestic X-range
weather radar complex of the near-airfield zone
“Monocle” [4, 5] of low mass-dimension per-
formance, which complies fully with the modern
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international and domestic requirements, has

been designed, tested and in-service.

The criteria of the classification of meteoro-
logical phenomena, used in the WR [6], were
formulated in conformity with the regulatory
documents' [7], in which, universally applicable
parameters to define a weather event class in
weather radars with various performance. Signif-
icantly, that all the legislatively adopted criteria
of the weather event classification ranging from
clouds to waterspout based on long-term obser-
vations, which has commanded respect, have
been individually developed for each phenome-
non and bear some heuristic character.

In this case, it is a natural desire to generalize
the criteria and optimize them in accordance
with the theory of differentiation of statistic hy-
potheses [8—11]. It is practical when probability
distributions of information atmospheric parame-
ters [12] are parametrically described.

In the WR “Monocle”, the WH classification
is based on knowledge about the altitudinal dis-
tribution of radar reflectivity [1], atmosphere
temperature (freezing level, freezing level —22°)
as well as values of low and high radar echo
boundary [6]. The data is cumbersome and hin-
ders the process of automation for the WH clas-
sification.

The authors initiated to set an end to heuris-
tics with respect to the depicted problem, and
transfer to parametric methods, expand an al-
phabet of classes to enhance the WH classifica-
tion confidence. The basic ways of criteria opti-
mization of the CB-related WH classification
have been found:

o the use of information about altitude distribu-
tion not merely of reflectivity but also of at-
mosphere turbulence in the WH classification
criteria;

e the formation of parametric descriptions of
maximum reflectivity distribution densities
and turbulence by values and altitude;

e the development of WH classification algo-
rithms (of decision-making threshold for-

' The Guide to make observations and apply information-
from not automated weather radars WR-1, WR-2,
WR-5. RD 52.04.320-91. (1993). St. Petersburg:
Gidrometeoizdat, 342 p. (in Russian)
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mation) in compliance with the single chosen
criterion to differentiate statistic hypotheses.
This paper is a logic continuation.

Bayesian approach to the classification
of meteorological phenomena

The Bayesian decision theory constitutes the
foundation of a statistic approach to the problem
of natural phenomena, image, signal classifica-
tion [8]. The problem statement of identifying
MP in the case under consideration assumes the
solution of the following integrated tasks:

e forming the class alphabet, i.e., a combination
of classified phenomena, in our case, a rain
shower-thunderstorm-hail-another phenome-
non (the term “another phenomenon” is used
in a rigorous problem statement, as the alpha-
bet should form a complete group of events);

e selecting feature space, i.e., information pa-
rameters which are emitted from a reflected
radar signal and allow the phenomena classifi-
cation with the assigned reliability;

e defining the sufficient statistics, i.e., the prob-
abilistic description of features and phenome-
na, which will be used while identifying (the
substantiation of the loss matrix, availability
of a priori information, density of distribution
of information parameter probabilities, extent
of feature correlation, etc.);

e selecting the identification criterion (Bayesian,
maximum of likelihood function, Neyman-
Pearson, etc.) and the confidence require-
ments, which determine a value of decision-
making threshold.

In the general case, the given sequence of
problems is iterative and assumes the correction
of alphabet, features, and criteria to achieve the
required validity to identify under limitations on
various type-resources.

Thus, the classification problem essentially
poses the partition problem of the feature space
into domains for each class. The partition in
terms of forming decision-making thresholds
should cause the maximization of right decisions
and/or the minimization of erroneous ones.

Let us denote a weather event by a symbol o,
whereby @ = SHRA for the rain shower, ® =TS
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for the thunderstorm, @ = GR for the hail. The
value o is regarded as a random value in the
sense that nature state is unknown. In our case,
let us assume that a priori probabilities of events
are not known as well. In order to simplify a
problem without losing the quality of its solu-
tion, let us assign an obvious assumption: condi-
tional distribution density of a factor x while ob-
serving a weather event ®; p(X/®;), where
i € {SHRA,TS,GR} is the sufficient statistics in
the case under consideration. The statistics al-
lows us to solve based on the method of the
maximum likelihood: the solution @ =1 is cho-
sen for which

p(x/w;) > p(x/wy) forall k#i. (1)

Sufficient statistics, formed without using da-
ta, which are contained in a priori distribution
and the loss function, determine the structure of
an optimal decision and an optimal method of
data processing [13]. It is indicative of their ver-
satility and adequacy while solving a diversity of
applied information system synthesis problems
within the conditions of expected uncertain-
ty [10].

The conducted experimental analysis of radar
signals showed that for the assigned class alpha-
bet, it is feasible to search for probabilistic de-
scriptions of the maximum reflexibility distribu-
tion density Zmax and EDR which reflects tur-
bulence by values and altitude in the form of
p(Zmax/w;), p(EDRmax/m;), p(H(Zmax)/w;),
p(H(EDRmax)/w;), where i € {SHRA, TS, GR}.

The degree of the expected uncertainty can
be different. At the first stage, the authors con-
sidered the problem with the complete expected
uncertainty, when neither types nor parameters
of laws of information parameters probability
distribution are known. It should seem that under
the complete expected uncertainty, the statistic
synthesis is not practical because we cannot ei-
ther formulate or compute the optimality criteri-
on. However, instead of unknown distributions,
empiric data, which are referred to as learning
samples, can be used.

The [10] demonstrates the problem of over-
coming the complete expected uncertainty can
be solved by means of three stages:
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Civil Aviation High Technologies

e at the first stage, the class of possible proba-
bility distributions, limited by some aggregate
with arbitrary parameter values (in our case, a
distribution aggregate close to Gauss one), is
determined stemming from the physical exist-
ence of the problem solved;

e based on the distribution-free test of fit
(of Kolmogorov, Smirnov, x> Pearson, etc.),
adopted in the statistic theory, hypotheses
about the compliance of observation data with
one of the aggregate-assigned theoretical in-
formation parameter probability distributions
are being checked [14];

e at the third stage, already parametric uncer-
tainty is eliminated using, as true values, the
parameters of their optimal evaluations (in our
case, sampling mathematical expectations
(ME) and mean square deviations (MSD).

The materials, describing as the methodology
itself to conduct a full-scale experimental inves-
tigation for the purpose of obtaining learning
samples as the results of their statistical analysis
to form probabilistic descriptions of information
parameters in order to solve the CB-related WH
classification problem, are presented below.

Statistical analysis of experimental
weather hazards data “rain shower-
thunderstorm-hail”

With the aim of obtaining statistic descrip-
tion of the probabilistic reflectivity distributions
and EDR, an analysis of radar signals, reflected
from such weather events as the rain shower,
thunderstorm, hail, was carried out. The studies
were carried out in the Upper Volga Region over
a warm period of 2021, 2022. As a tool of ob-
taining source data, radar data, derived at the
output of WR “Monocle”, using signals of the
horizontal polarization within X-wave-length
range, was used.

The methods of conducting experimental
studies to form statistic database were formulat-
ed as follows (fig. 1). The validation of derived
data about the classified weather events in the
WR was carried out by correlating with the reli-
able meteorological sources: ground meteorolog-
ical stations, located in the towns of Staritsa,
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Fig. 1. Methods of conducting experiments
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Fig. 2. Example of experimental data on the distribution of the maximum reflectivity by height for a heavy shower

Volokolamsk, Mozhaisk and Gagarin, and the
certified DMRL-C type radars of the Rosgidromet
network. In the event of observing a phenome-
non on the WR and the MRLS maps over the

12

given span of time, the phenomenon is consid-
ered confirmed in accordance with the WR map
if it coincides in space with the phenomenon on
the MRLS map, to the contrary, the phenomenon
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Fig. 4. Histogram of relative frequencies of the maximum reflectivity height

is considered not confirmed. On the whole,
50 confirmed experiments were conducted for
each WH.

In order to derive the atmospheric parameters
of distribution at each altitude with the discrete
of 1 km, the following values: the maximum re-
flectivity in the cloud of Zmax as well as the
maximum EDR value in the cloud of (EDRmax),
were evaluated. An example of the maximum
reflectivity distribution for the series of experi-
ments for a rain shower is presented in Figure 2.

The methods of statistical processing exper-
imental data are presented in Figure 3 [15].

A histogram of relative H(Zmax) value fre-
quencies is presented in Figure 4, as an example.

The check of various hypotheses concerning
the type of distributions by the Pearson criterion
of ¥ for the level of significance 0.01 showed
the maximum compliance of experimental rela-

13

tive frequencies with the generalized Rayleigh-
Rice distribution

x _x2+u? XU
falwo)=Ze =t (), ()
where Io(z) — the modified zero-order Bessel
function of the first kind,

u=2—ME and o = 2.5 — MSD. The histo-
gram approximation result by the theoretical law
is presented in Figure 5. The parameters 1 and ¢
in the strict sense are not ME and MSD, howev-
er, they appropriately reflect the shape of distri-
bution” [16, 17].

2 Approximation based on the type distribution. Approxi-
mation of experimental data law. Available at:
https://poznayka.org/s97706t1.html (accessed:
12.05.2023). (in Russian)



HayuyHbiit BectHuk MITY TA

Tom 26, Ne 06, 2023

Civil Aviation High Technologies

0,25

=
e = g
— un o]

p (H(Zmax)/o,)

=
=
Lh

0,5 35 45

5,5

Vol. 26, No. 06, 2023

C— I ucTorpamma

— Panesi-Paiica

O =

65 75 85 95 105

Bricora H(Zmax), km

Fig. 5. Approximations of the histogram by the theoretical Rice law

To be based on the developed methods, the
statistical parameter H(EDRmax) analysis for a
rain shower was conducted as well as of the am-
plitude distribution of reflectivity parameters and
EDR (Zmax, EDRmax) for thunderstorms and
hail. Rice distributions for the parameters
H(Zmax), H(EDRmax), Zmax and EDRmax of
meteorological phenomena under consideration
are shown in Figures 6 and 7.

The practical identity of distribution densities
of p(H(Zmax)), p(H(EDRmax)) is observed in
Figure 6. It points out to the high height correla-
tion of reflectivity and turbulence in CB [18]. In
the event of the maximum values distribution,
the difference is obvious. However, in all the
cases, distributions are quite severely over-
lapped. It points out to the insignificant distinc-
tive ability of each individual parameter while
solving the problem of the meteorological phe-
nomena classification within the assigned alpha-

14

bet. The theory of recognition prompts an obvi-
ous alternative. A combined use of information
parameters, for example, in the form of multidi-
mensional probabilities distribution densities of
random parameters [17] is essential to enhance
confidence of the classification, as Figures 8 and
9 show.

The derived Rice distributions parameters p,
ox, based on the computational results of height
distribution of the reflectivity parameters and
EDR for a rain shower, thunderstorms and hail,
are indicated in Table 1. In fact, the table pre-
sents a parametric description of the classifica-
tion factors for the MP “rain shower-
thunderstorm-hail”.

Thus, the statistical analysis of full-scale ex-
periment data showed that the distribution densi-
ties of the maximum reflectivity and turbulence
by values and altitude possess the unique charac-
ter described by a generalized Rice law.
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Table 1

Rice distribution parameters for a rain shower, thunderstorm and hail

Parameter Rain shower | Thunderstorm | Hail
H(Zmax)
ME u=2 p=3.5 u=4
MSD 6x=2.5 ox=3 ox=4
H(EDRmax)
ME p=2 p=3 n=4
MSD oy =2.5 o,=4 o,=4.5
Zmax
ME u=22 u=29 u=42
MSD o,=7 o,=8 o, =10
EDRmax
ME p=0.2 u=0.5 u=0.61
MSD 0, =0.2 ox=0.12 ox = 0.08

Evaluation of the probabilistic
characteristics of the weather hazard
classification for the specified empirical
criteria of the classification in the WR

Let us define decision-making confidence for
specified criteria considering newly obtained
statistical data to determine some reference
point.

As we mentioned before, the criteria for the
MP classification: a rain shower-thunderstorm-hail
are adopted by the entire arrays of the range of re-
flectivity distribution by height. Subsequently, in
order to specify in conformity with cumulative sta-
tistics over a span of time which determines deci-
sion-making confidence at the level of 0.9, the
classification criteria were determined in the soft-
ware WR “Monocle” as follows’:

1) the threshold value of radar reflectivity at
the height of 0—2 km for the (MP) — Rain Show-
er Znop =27 dBZ;

2) the threshold value of radar reflectivity at
the level of H; = Hy + 2500 m = 5.2 km for the
MP — Thunderstorm Znop =26 dBZ;

3) the threshold value of maximum radar re-
flectivity over the entire cloud volume for the
MP — Hail Znop =45 dBZ.

? Maintenance Manual. Weather radar system of nearair-
field WR. (2016). Moscow: Standartinform, 19 p.
(in Russian)
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In case of a rain shower, in accordance with
the adopted criterion, a value of height does not
influence decision-making. Therefore, let us re-
strict ourselves by considering the reflectivity
value Znop = 27 dBZ (fig. 10), as a threshold.

The expression for the probability calculation
of the correct rain shower classification [19]
takes the form

o x PR
20 Iy (25) dx. )
For the values p = 22 and o = 7, the probabil-
ity amounts to the value of 0.29, but the probabil-
ity of a rain shower missing — 0.71. The similar
approach is applicable for the case with hail, set-
ting a threshold at the level of Znop =45 dBZ. As
a result, for the values of p=42 and o =10, we
will obtain a value of probability of the correct
classification of hail — 0.42, of missing — 0.58.
In the case of thunderstorm, a threshold value of
Znop = 26 dBZ reflectivity is additionally de-
termined by the value of a minimum height of its
availability — 2.5 km above a freezing level. Let
us calculate the correct classification probability
of thunderstorm, similar to the first two cases, as
an additional condition will result in its decreas-
ing in the case under consideration. For the val-
ues of u =29 and o =8, we will obtain a proba-
bility value of the correct classification of thun-
derstorm — 0.70, of missing — 0.30.
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Fig. 10. Example of setting decision-making thresholds for the existing classification criteria

Even such a simple analysis shows that the
adopted criteria are far from optimality in terms
of the probabilities of the correct classification,
specifically in the case of a rain shower. Accord-
ing to the authors, thresholds must ensure the
correct classification probabilities not worse
than 0.8. It is quite obtainable for the parametric
criteria. MP data probabilities of the correct clas-
sification of 0.81, 0.82, 0.82 appropriately en-
sure the correction of Zmop thresholds for the
level of 17, 23, 34 dBZ for a rain shower, thun-
derstorm and hail.

It is obvious that the problem solution of the
assigned classification confidence is associated
with the optimization of the feature space and
classification criteria.

Conclusion

In the WR “Monocle”, the WH classification
is based on knowledge about the height distribu-
tion of radar reflectivity, atmosphere temperature
(height of zero-degree isotherm, isotherm —22°),
as well as about values of lower and upper
boundaries of radio echo. The criteria are far
from optimal, cumbersome and make the process
of the WH classification automation difficult.

The basic ways of the WH classification cri-
teria optimization associated with CB: the use of
information about the height distribution of not
only reflectivity but also of the atmosphere tur-
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bulence, forming parametric descriptions of clas-
sification features in the WH classification crite-
ria.

The WH classification must be based on
Bayesian approach under which a problem of
choosing a decision is formulated in terms of the
probability theory and all the significant proba-
bilistic values, so-called sufficient statistics, are
known. Whereby, for the assigned alphabet of
classes, it is necessary to seek probabilistic dis-
tribution density descriptions of maximum re-
flectivity and EDR by values and height.

The basic ways of overcoming the complete
expected uncertainty of probabilistic classifica-
tion features description, based on the use of the
learning sample, are shown.

For the purpose of obtaining statistical de-
scriptions of probabilistic reflectivity distribu-
tions and specific velocity of turbulent energy
dissipation, the analysis of radar signals reflected
from such MP as a rain shower, thunderstorm,
hail was conducted. As a tool of deriving learn-
ing samples, radar data, obtained at the output of
the WR “Monocle”, was utilized. The methods
of conducting experiments and the statistical
analysis of their results were developed.

The statistical data analysis of a full-scale
experiment showed that distribution densities of
maximum reflectivity and turbulence by values
and height have the unique parametric character
described by a generalized Rice law. The para-
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metric feature descriptions of the MP classifica-
tion “rain shower-thunderstorm-hail” have been
obtained.

The following step is the substantiation of a
single probabilistic criterion of the CB-related
WH classification and the development of deci-
sion functions, decision-making thresholds de-
termined by the assigned classification confi-
dence.
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