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Abstract: The increasing need to obtain data on the meteorological situation to ensure the safety of aircraft flight actualizes the
development of radar systems for remote collection and processing of information, including for solving the problems of classifying
dangerous weather phenomena. This determined the primary development of the domestic weather radar complex of the near
airfield zone (WR BZ). The article presents the features of the construction of the WR BZ, as well as the main tasks it solves. To
classify meteorological phenomena from cloudiness to squall in the weather radar complex of the near airfield zone, it is proposed
to take as a basis the criteria tested by weather radar stations of previous generations. These criteria are based on an analysis of the
height distribution of reflectivity, taking into account the vertical temperature profile. In addition, a criterion for classifying
thunderstorms in the cold period of time has been additionally introduced in the WR BZ. To calibrate the values of the criteria, a
mathematical apparatus and special software were developed. To collect statistical data, WR BZ were installed in various climatic
regions: the Central and North-Western Federal Districts and the Republic of Crimea. Further, an effective validation of the
information received was carried out. At present, WR BZ has passed preliminary, acceptance, certification tests, trial operation,
while demonstrating an effective classification of meteorological phenomena, thanks to the correct selection of decision criteria.
The article considers the possibility of increasing the reliability and justification of the classification of dangerous meteorological
phenomena through the additional use of information on the distribution of altitudes of the specific rate of dissipation of turbulent
energy of the atmosphere, as well as an additional set of statistical data in various climatic zones of the European territory of
Russia — the Upper Volga Region and the Krasnodar Region.
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MIEPBOCTETICHHYIO Pa3pabOTKy OTEYECTBEHHOTO METEOPOJIOTMYECKOro PaJIMoIOKallMOHHOTO KOMILIEKCa OJMKHEH a’poapoMHOIM
30861 (MPJIK BA3). B crarbe npencrasiensl ocodennocTr nocrpoeHns MPJIK BA3, a Takke perraeMple UM OCHOBHEIC 3a1aUH.
Jns xnaccudukaryy MeTeosIBIIeHUS. OT 0OJIaYHOCTH JI0 IIKBaJIa B METEOPOJIOTHYECKOM Pa/JHOIOKAIIMIOHHOM KOMIUIEKCE OJMbKHEH
a3pOAPOMHON 30HBI IPEIJIOKEHO B3SITh 332 OCHOBY KPHTEPHH, allpOOMPOBAHHBIE METEOPOJIOTHYECKUMH DPaHOIOKAIMOHHBIMU
CTaHIMSIMH TIPEBIIYIINX ITOKOJIeHHH. JlaHHbIe KpUTEpHH OCHOBAHBI Ha aHAIM3E PACIIPENEIICHISI OTPAKaeMOCTHU TI0 BBICOTaM C
YYETOM BEpPTHUKATHEHOTO Tipodiuts Temmneparypbl. Kpome Toro, B MPJIK BA3 momomHuUTEIFHO BBEICH KPUTEPHI KITacCH()UKAIIN
TPO3BI B XOJIOJHBIN TIEpHON BpeMeHH. [ KaTnOpOoBKY 3HAYCHWI KpUTEpUEB ObUIA pa3paboTaHbl MAaTEMATHUECKUH armapaT u
criermanbHoe porpamMMHoe obecriedenne. /st Habopa cratuctidecknx gaHHpIX MPJIK BA3 Opumi ycTaHOBIIEHBI B Pa3IMYHBIX
KmMaTrdeckux paiionax: llentpamsHoM m CeBepo-3amamHoMm (enepanpHbIx okpyrax u PecmyOmike Kpem. [lamee Opuia
npoBezieHa d(dekTrBHAs BaIKIalus HodydeHHON uHpopManmn. B Hacrosimee Bpemst MPJIK BA3 npomien npenBapuresbHbie,
NpPHEMOYHbIE, CepTU(UKAIIMOHHBIE UCIBITAHMS, ONBITHYIO SKCIUTyaTalHIo, MOKa3aB MpU 3ToM 3P EKTHBHYIO KIACCH(HKALIIO
METEOPOJIOTUYECKHX SIBIICHUH OJarojiapsi KOppeKTHOMY TOJ00pY KpUTEpHEB NPUHSTHS pelleHuid. B cratbe paccmarpuBaercs
BO3MOKHOCTD IMOBBIIICHUSA TOCTOBEPHOCTU U OITPABABIBAEMOCTH Knaccn(bymaunn ONACHBIX METCOPOJIOTMYCCKUX SIBJICHUH 3a CUeT
JIOTIOJTHUTENIBHOTO HCTIONB30BaHMS B KPUTEPHSIX MH(MOPMAIMK O PacIpeieNieHHH 10 BBICOTaM YIENIBHOM CKOPOCTH ANCCHIIALH
TypOyJIEHTHOH 3HEpruy aTMOChEpBl, a TAKKE JOMOIHUTEIBHBIN HA00p CTATHCTHYECKUX JaHHBIX B Pa3IMYHBIX KIMMATHYECKHX
3oHax EBponeiickoii Tepputopru Poccruu — Bepxuem IToomkbe u KpacHogapckom kpae.

KaioueBblie ci10Ba: METEOPOJOTHUYESCKIN PaHioOiIOKaTOp, OMIDKHSS 30HA a3pOIApOMa, OMACHBIC SBICHHS IIOTOMBI, WCIIBITAHMS,
cepTU(UKALNS, BATUIANNS METCOPOIOTHIECKUX JAHHBIX, KPUTEPUH MPUHATHS PEIICHNH, KIAacCH()UKAIIT METCOPOIOTHUESCKIX
SIBJICHUI.

Jns uurupoBanusi: Bacunse O.B. Kputepun npuHATHA pereHunid Ui KiacCu()UKayu METEOSBICHAN B METEOPOJIOTHIECKOM
PaIMOJIOKAIMOHHOM KOMILIEKCe OmmkHer aspoapomuoit 30kl / O.B. Bacuibes, C.C. Koporkos, K.1. I'anaera, 2.C. bosipenko //
Hayunbrii Bectink MI'TY T'A. 2023. T. 26, Ne 2. C. 49-60. DOI: 10.26467/2079-0619-2023-26-2-49-60

Introduction of the domestic WR BZ meets the current import
phase-out demands [20].

WR BZ has currently passed the preliminary,
inspection and certification tests, prototype test-
ing, in this case having shown us the efficient
weather phenomena, parameter and characteris-
tic [21, 22] evaluation particularly due to the
correct decision-making criteria selection for
classification of weather phenomena.

The extensive use of weather radars in the
twentieth century, provided the further meteor-
ology development, particularly in high space
and temporal discretization weather phenomena
research, along with providing the opportunity of
weather radar data in synoptic practice and
weather forecast models [1-6]. At the same time,
studies in mesoscale weather phenomena, such
as thunderstorm and hail cells, gust fronts, fun- WR BZ: application, responsibilities,
nel clouds, q squalls, breezes, convective cells

: areas of use
and supercells were directly due to the oppor-

tunity of hydrogeological formation radar scan- . )
ning [7-12]. WR BZ provides the weather services and

departments of airports of different aircraft types
with weather radar information, along with other
consumers of the data.

Nowadays there is a multitude of weather ra-
dar systems of different technical characteristics
[13—15] in the Russian Federation, nevertheless, N ] )
there is a necessity of small-scale weather radars, WR BZ responsibilities, meeting the national
which will be able to work particularly in remote ~ @nd international requirements, are: ‘
regions [16] and will be set between the Russian e weather phenomena validation and classifica-

meteorogical service large-scale radars [17]. The tion at omnidirectional and sector surveil-

experience of differently featured weather radar lance;

incorporation is currently positive [18, 19]. e coordinate and size estimation of the validated
The weather radar WR BZ was developed by weather objects and phenomena;

the “On-board Navigation Systems” for creating e dangerous turbulence and wind shear areas

weather radar field in airfield inner area (up to validation with aircraft takeoff and landing

100 km from airfield reference point). Creation sectors being prioritized;
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e cstimation of the validated weather object
movement direction and rate.

The feature of WR BZ is provision of weath-
er radar data on wind characteristics (rate vector
field, horizontal and vertical wind shear, turbu-
lent energy dissipation specific rate) in SUR-
VELLIANCE mode and SECTOR mode of the
higher space and temporal discretiza-
tion [23, 24].

The airdromes, takeoff and landing fields,
possible emergency areas are the WR BZ area of
application.

WR BZ decision criteria for weather
phenomena classification

Nowadays the decision criteria, developed
for WR-1,2,5 have become the grounds for
weather phenomena classification criteria devel-
opment for other present day domestic weather
radars'. The following criteria are based on ver-
tical atmosphere emanation reflectivity consider-
ing the freezing line. In fact, the radar is only a
measurer, which quality the classification veraci-
ty depends on. In this work the reflectivity esti-
mation veracity at fixed precisely measured
heights is what is meant by work quality. Thus,
weather phenomena classification criteria are
evidence based, methodically adjusted and fun-
damental for differently featured weather radars.
The following fact of identic basic criterion use
for weather radars with different performance is
seen in practice — in DWR-S (C-band) and
WR BZ (X-band).

It was necessary to evaluate the certain
weather phenomena criteria values for WR BZ
operative work in different climate zones of the
Russian Federation. The “raw” signal was rec-
orded from the radar line output with the oppor-
tunity of complex special software post-setting.
The following signal was recorded in different
synoptic conditions, which allowed us to save
further statistically significant data for different
climate zones [21].

' Guidance for observation and data use with
non-automatized MSR-1, MSR-2, MSR-5 radars.
WP 52.04.320-91. St. Petersburg, 1993, 342 p.
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The criterion amount calibration procedure
for BZ WR weather phenomena classification
was conducted the following way:

1) the “raw” signal was recorded from the
radar line output;

2) the maps of the classified weather phe-
nomena were obtained from BZ WR signal dis-
play on the plan position indicator;

3) BZ WR classified weather phenomena
data were correlated with valid weather sources:
ground-based weather stations and certified Rus-
sian meteorogical service network radars. The
correlation was made according to the developed
method, described in [21];

4) the operator accepted and fixed the crite-
ria amount of the observed phenomena in case of
its justification. Otherwise, the criteria amount
different from the previous ones were charted in
weather criterion classification table (fig. 1), and
then the points 2, 3, 4 were repeated.

Further there is a list of parameters, used for
BZ WR weather phenomenon classification.
Notes in parameter name:

HO — absolute freezing line altitude 0 °C, m;

H3 — altitude (HO + 2500), m;

HIl — radio echo lower limit, m;

Hul — cloud top, m;

Htrop — tropopause absolute altitude, m;

Z1 —radar reflectivity at altitude from 0 up to
2 km, dBZ;

72 — radar reflectivity at altitude from 2 up to
4 km, dBZ;

73 — radar reflectivity at altitude from 4 up to
6 km, dBZ;

ZHt0 — radar reflectivity at freezing term alti-
tude 0 °C (HO °C), dBZ;

ZH3 — radar reflectivity at H3, dBZ.

There is a list of criteria parameters for
BZ WR weather phenomena classification in
Table 1.

It should be noted that the authors® entered BZ
WR the weather phenomena classification criteria
which are not presented in current weather radars,
(for instance, in DWR-S) for unknown reason,

% Guidance for observation and data use with
non-automatized MSR-1, MSR-2, MSR-5 radars.
WP 52.04.320-91. St. Petersburg, 1993, 342 p.
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Fig. 1. Widget Setting
Table 1
List of criteria for the classification of weather phenomena in the
weather radar complex of the near-airfield zone — WR BZ
Criteria parameter .
. . . Operation
code in special Name and measurement units Amount .
period
software
Cloud amount (stratiform cloud amount)
. Minimum radar reflectivity amount at
Cl dBZ23 min 7, u Zs levels, dBZ From 10 up to 0 All
Cloud amount (cumulus cloud amount)
. Minimum radar reflectivity amount at
Cl dBZ2 min Z, level, dBZ From 10 up to 40 All
Cl dBZ3 min Minimum radar reflectivity value at Z; From 20 up to 50 Al
- - level, dBZ
. Minimum radar reflectivity value on
C1_dBZ_min the whole cloud volume, dBZ, not less From T up to 10 All
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Continuation of Table

Criteria parameter Overation
code in special Name and measurement units Amount pers
period
software
Cl1 tH_min Liminal value H,, for cumulus cloud From 400 up to 6000 All
amount, m
Cloud amount (of upper and lower layer)
. Liminal value Hyr for high and middle From 1000
Cl_bH_min cloud tier amount, m up to 5000 All
Precipitation (weak, temperate, strong)
From 0 up to 30
(precipitation weak)
Rf dBZ1 Reflectivity liminal value Z,, dBZ From 5 up to 35 All
- (precipitation temperate)
From 10 up to 40
(precipitation strong)
Shower precipitation (shower is light, moderate and heavy)
From 10 up to 40
(shower is light)
Rn_dBZ1 Reflectivity liminal value Z;, dBZ From 20 up to 45 All
- (shower is moderate)
From 25 up to 50
(shower is heavy)
Thunderstorms (prob.: from 30 up to 70%; from 71 up to 90%; > 90%)
From 10 up to 30
(thunderstorm probability
30-70%)
.. From 10 up to 40
Th Y ;F(hllré)d(e)gslt oII{‘m ) dZanger liminal value, (thunderstorm probability Warm
s ul £H3 7 1790%)
From 10 up to 50
(thunderstorm probability
more 90%)
Th dBZ_H3 max Maximum radar reflectivity value at H; From 50 up to 70 Warm
level, dBZ
From 10 up to 40
(thunderstorm probability
30-70 %)
.. .. From 10 up to 50
Th dBZ H3 min Minimum radar reflectivity value at Hy (thunderstorm probability Warm
- = = level, dBZ
71 -90 %)
From 10 up to 60
(thunderstorm probability
more than 90 %)
Th dBZI Radar reflectivity liminal value at Z, From 30 up to 70 Cold
level, dBZ
Th dBZ2 Radar reflectivity liminal value at Z, From 30 up to 70 Cold
- level, dBZ
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Continuation of Table

Criteria parameter Ovperation
code in special Name and measurement units Amount per:
period
software
Hail (light, moderate, heavy)
HI Delta H3 Ht0 ﬁ‘ll“i‘;de difference liminal value Hy | 1o 1000 up to 5000 Warm
05
From 30 up to 50
(hail is weak)
Maximum radar reflectivity value on From 40 up to 60
HI_dBZ_max the whole cloud volume, dBZ (hail is temperate) Warm
From 40 up to 70
(hail is strong)
Q squalls (light, moderate, heavy)
Fl Delta tH Htr | Difference liminal value Hy 1 Hyop, m From 3000 Warm
up to 3000
Complex criteria liminal value
FLY Y =0,001-Hy Zys From 300 up to 700 Warm
FI_dBZ3 min g/gglmum radar reflectivity value Z;, From 20 up to 50 Warm
From 40 up to 60
(Q squall is weak)
Maximum radar reflectivity value on From 45 up to 70
FI_dBZ_max the whole cloud volume, dBZ (Q squall is temperate) Warm
From 50 up to 70
(Q squall is strong)
Tornados (funnel cloud)
Td Delta tH Htr | Hy u Hypop difference liminal value, m From 2000 up to 5000 Warm
Liminal value of the wind speed differ-
Td Delta V_max | ence between the two nearest- From 30 up to 50 Warm
neighbour rates, m/s
Maximum radar reflectivity liminal
T B2 max value on the whole cloud volume, dBZ From 50 up to 70 Warm

according to the source. For instance, the thunder-
storm classification criterion for cold period was
entered into BZ WR, as thunderstorms are com-
mon in middle latitudes® at any time of the year.

WR BZ classified weather phenomena
data validation

WR BZ has currently passed the preliminary,
inspection and certification tests, prototype test-
ing. It was set in the following points:

? Ecological and climatic atmosphere characteristics in
2014 according to M. V. Lomonosov MSU Meteorogi-
cal observatory datum. M. V. Lomonosov MSU. Avail-
able at: http://www.momsu.ru/files/disk%20M0%20
MSU 2014.pdf (accessed: 28.07.2022).
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1. Orlovka point — Tver region;

2. Saint-Petersburg point — the city of Saint-
Petersburg;

3. Vishnevsky point — Moscow region;

4. Taman point — the Republic of Crimea.

The criteria liminal amounts were selected
according to the value ranges shown in Table 1
for all the following calibration procedure se-
quence points.

There is the weather phenomena map in
WR BZ cells in the 30 km vicinity of the mete-
orological service — Figure 1 on the left and
the conjoint weather phenomena map in the Rus-
sian meteorogical service radar cells — on the
right shown as an example. The weather phe-
nomena map of the Russian meteorological ser-
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Fig. 2. Maps of weather phenomena in cells according to the WR BZ based "Taman" (left) and DWR-S "Krasnodar"
(right) from 19.07.2018 08:10 UTC
The red circle shows the WR BZ radar range on the DWR-S map

vice radars was taken from the Russian meteoro-
logical service official source™ .

According to the Methodology, thunder-
storms monitored at meteorogical services are
confirmed by WR BZ data in case of them being
registered in 30 km vicinity of the meteorogical
service.

Thunderstorms in 30 km vicinity of “Kerch”,
“Opasnoe”, “Anapa” meteorological services
(blue circle in Figure 2) were confirmed with
WAREP “Kerch”, “Opasnoe”, “Anapa” meteo-
rological services according to WR BZ data
(thunderstorm in the vicinity from 07:35 to
10:03 UTC; thunderstorm in the vicinity from
07:50 to 11:10 UTC; thunderstorm in the vicini-
ty from 07:14 to 10:01 UTC respectively).

There are other examples of WR BZ weather
phenomena maps in comparison to the dou-
blechecked veracious meteorological data in dif-
ferent WR BZ setting points (fig. 3, 4) below.

It was shown in work [21], that WR BZ classi-
fies the weather phenomena with the level of suc-
cess rate and veracity necessary from the weather

* Radar observation data. Russian meteorological service.
Available at: https://meteoinfo.ru/radanim (accessed:
11.12.2019).

> The Federal State Budgetary Institution “The All-
Russian Hydrometeorological Datum Research Insti-
tute — The World Datum Center” data access. The Fed-
eral State Budgetary Institution “The All-Russian Hy-
drometeorological Datum Research Institute — The
World Datum Center”. Available at: http://meteo.ru/data
(accessed: 11.12.2019).
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radars. The necessary success rate and false alarm
probability percentiles were taken from the Rus-
sian meteorological service™”® methodical docu-
ments. For instance, it was shown, that dangerous
weather phenomena (showers, thunderstorms,
hails) detection success rate was more that 86%
while the minimum necessary success rate percen-
tile is not less than 70%’. The dangerous weather
phenomena false alarm probability was less than
1% while the maximum necessary value of false
alarm probability is no more than 40%"°. It was
noted in work [21], that is possible to make a sta-
tistically based conclusion about the appropriate
small scale weather radar complex of WR BZ in-
ner airdrome zone performance according to the
conducted statistical analysis.

The given WR BZ weather phenomena maps
correlate with veracious weather information
sources in terms of time, space and weather phe-
nomena classification. Thus, the criterion liminal
values were selected correctly according to the
methodology mentioned above.

At the same time, it should be noted, that in
some cases, particularly while thunderstorm and

Methodology guidelines on DWR-S weather radar ob-
servation at Russian weather service network. St. Peters-
burg, 2013. 164 p.

Temporary methodic guidelines on DWR-S doppler
weather radar data use in synoptical practice. Moscow,
2014. 110 p.

Temporary methodic guidelines on DWR-S doppler
weather radar data use in synoptical practice. Moscow,
2017. 121 p.
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Fig. 3. Maps of weather phenomena in cells according to the WR BZ based "Taman" (left) and DWR-S "Krasnodar"
(right) from 18.07.2018 03:20 UTC
The red circle shows the WR BZ radar range on the DWR-S map

MR axc.:

M suoe:  O6n. B Cpapycay b b

Fig. 4. Maps of weather phenomena from 13:59 UTC according to the WR BZ “Central Military Clinical Hospital
named after A.A. Vishnevsky” (left) and from 14:00 according to the DWR-S “Dolgoprudny” (right) 02.05.2018 (the
red contour shows the radar range of the WR BZ)

hail classification the turbulent energy dissipa-
tion specific speed data should be used for high-
er success rate and veracity amounts.

Thus, the further research aim is to develop
the turbulent energy dissipation specific speed
data obtaining for weather phenomena classifica-
tion with the extra statistical data set in different
climate zones of the European part of Russia —
the Upper Volga Region and Krasnodar Region.

Conclusion

Thus, the unique domestic small-scale
weather radar of the inner airdrome zone is cur-
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rently being created, tested and certified. It
meets the present day national and international
requirements in full measure.

WR BZ weather phenomenon classification
criteria were developed according to the Russian
meteorogical service guidelines, in which the
general weather phenomena classification pa-
rameters for differently featured radars are giv-
en. In distinction from other current radars,
thunderstorm classification parameters in cold
period are considered in WR BZ. WR BZ classi-
fication criteria amounts were deduced with
a large “raw” signal analysis in different synop-
tic situations.
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It was shown due to the correctly formed WR
BZ criteria, that the performance of a small-scale
weather radar of an inner airdrome zone is ap-
propriate.

At the same time, it should be noted, that tur-
bulence is also an informative free-convection
atmosphere activity feature. In such cases it is
reasonable to consider a question of the turbulent
energy dissipation specific speed data applica-
tion in weather phenomena classification criteria,
using the different statistic data of different Eu-
ropean part of Russia climate zones in order to
increase the shower, thunderstorm and hail clas-
sification veracity and success rate.
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