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Annomayusa. B paboTe npejuiaraeTcsi METOANKA YTOYHEHUS 1Ol BUAUMOCTH C UCTIOIb30BaHUEM HH-
(dopmarnn 06 ocaakax Ha OCHOBE BapHAMOHHOTO aHAJIN3a JJAHHBIX O PaHOIOKalMOHHON OTpakaTeIbHOM
CITOCOOHOCTH Ha IIEPBOM yPOBHE BEICOTHI M HA3eMHBIX U3MEPEHUIT BUANMOCTH C Y4E€TOM (DH3HKO-Treorpa-
(uyecknx M KIMMaTHYeCKUX OCOOSHHOCTeH paifoHa mcciemoBanms. [lokazaHo, 4TO mpejsaraemas Me-
TOJIMKA TTO3BOJISIET YTOUHATh 3HAUEHHUsS] BUIMMOCTH B PA3IMYHBIX TOYKAX MPOCTPAHCTBA C TOYHOCTHIO OT
0,6 kM 10 1,8 KM B 3aBHCHMOCTH OT KOJIMYECTBA CTAHIMI HA3EMHBIX METEOPOIOTUIECKUX HAOIIONCHHT.

Kniouesvie crosa: BAITUMOCTD, THTCHCUBHOCTB OCAJIKOB, Pa/IHOJIOKaIMOHHAS OTpaskaTeJIbHast CII0Cco0-
HOCTb, BAPUALIMOHHBIN aHAJIH3.
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Summary. Currently, information about the meteorological visibility range (MVR) is relevant and al-
lows us to assess the possibility of using aviation in various meteorological conditions. The MVR in the
work is understood as the maximum distance determined at the meteorological station, from which unlit
objects are visible and identified during the day and light landmarks at night. Its spatial and temporal vari-
ability is caused by many factors, including precipitation. Therefore, in order to obtain visibility data, it is
necessary to use remote sensing methods of the atmosphere using meteorological radars (MR), information
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from which has its advantages and disadvantages. The most important advantage is the ability to obtain
information about meteorological magnitudes over a sufficiently large area with good spatial and temporal
resolution. The purpose of this study is to improve the quality of meteorological information on the spatial
distribution of the values of the MVR by developing a methodology based on the coupling of radar and
ground measurements.

At the first stage, based on ground-based observations obtained from weather stations and posts, the
field of visibility values of the first approximation is restored using the spline interpolation method. Then,
according to radar measurements of reflectivity, visibility values are calculated at each point in space (a 4x4
km cell). At the final stage, a variational analysis of radar and ground measurements of meteorological mag-
nitudes is carried out. A distinctive feature of the proposed algorithm is taking into account the physical,
geographical and climatic features of the study area, as well as the use of models for combining heterogene-
ous meteorological information based on radar and ground observations, taking into account measurement
errors of meteorological parameters.

The implementation of this algorithm was carried out on the basis of archival data of radar measure-
ments using meteorological radars of Krasnodar, Sochi, Anapa, Mineralnye Vody for the period from 2015
to 2020. The calculated results were compared with the measured values of the desired meteorological
magnitude at meteorological stations not included in the general calculation. A numerical experiment con-
ducted with real data in various synoptic situations has shown that the best result is observed when wet and
drizzling precipitation falls. The presence of zones with cumulonimbus clouds leads to significant errors
when specifying the values of the MDYV, reaching values of 100—150 % of the initial value.

The analysis of the obtained results allows us to conclude that the proposed algorithm for constructing
the field of view in precipitation based on radar and ground observations can be used in the operational
prognostic practice of meteorological departments.

Keywords: visibility, precipitation intensity, radar reflectivity, variation analysis.

For citation: Kuznetsov 1. E., Dyakov S. A., Bulgin D. V. Methodology for clarifying the spatial
distribution of meteorological visibility range values based on radar and ground measurements. Gidrome-
teorologiya i Ekologiya = Journal of Hydrometeorology and Ecology. 2023;(73):644—652. (In Russ.). doi:
10.33933/2713-3001-2023-73-644-652.

BBenenue

B nacrosiiee Bpemst nHGOpManys 0 METEOPOIOTUIECKON JaTbHOCTH BUAMMOCTH
(M/IB) siBisieTcst akTyalbHOM M MTO3BOJISIET OLIEHUTH BO3MOKHOCTh IPUMEHEHHS aBha-
LU B Pa3IMYHBIX MeTeoposornueckux yciuosusx. [lon M/IB B paboTte nmonnmaercs
OIPEJEIEHHOE HA METEOPOJIOTNYECKON CTAHIIUM MAKCUMAJIbHOE PACCTOSIHUE, C KOTO-
pPOTrO BUAHBI M ONO3HAIOTCS HEOCBELICHHBIE OOBEKTHI AHEM U CBETOBBIC OPHUEHTUPHI
Houbto [1]. Ee mpocTpancTBeHHO-BpeMeHHAss H3MEHYUBOCTh O0YCIIOBJICHa MHOTUMH
(axTOpaMu, B TOM YHMCJI€ U BbINAJAIOIIMMU OcagkaMu. I IOIMy4eHUs JaHHBIX O BU-
JUMOCTH HEOOXOAMMO MPUMEHEHHUE AWCTAHIMOHHBIX METOIOB 30HJUPOBAHUSI aTMO-
cdepbl ¢ HCIOIB30BAHUEM METEOpOJIOrHuecKux paaunonokaropos (MPJI), uadopma-
LUl ¢ KOTOPBIX 00JajaeT ONpelnesIeHHbIMU MPEHMYLIECTBAMUA M HexocTaTtkamu [2].
Haubonee Ba)XHBIM MPEUMYIICCTBOM SIBIISIETCS. BOBMOYKHOCTB TOJTyUCHHS CBEICHUH
0 METEOBEIMYMHAX Ha JOBOJIBHO OOJIBIION TEPPUTOPHUHU, KOTOPbIE 00JalaloT A0CTa-
TOYHBIM MPOCTPAHCTBEHHBIM M BPEMEHHBIM pa3pemieHueM. OCHOBHBIM HEI0CTATKOM
Mo/TOOHOTO pona JAHHBIX SABJSETCS TO, YTO OHHM 3aBHCAT OT PACIpENeICHHs YaCTHUIl
B 00JaKax M ocaJlkax 10 pa3MepaM M OT X ()a30BOro COCTOSIHUS, HHPOPMALHS O KO-
TOPBIX HOCUT CTOXaCTHYECKUI Xapakrep. Takke BOZHUKAIOT CYIIECTBEHHBIE OIIUOKH
B ONPEAEICHNH PAAHOJIOKAIMOHHBIX XapaKTEPUCTUK O0JIAKOB C yAaJICHUEM OT METEO-
pOJIOrHUYECKON paMOIOKALIMOHHON CTaHIIUU.
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XOTsI METEOPOJIOTHUECKHE CTAHIIUK M PaJIMOJIOKATOP IMO3BOJSIOT MONYYUTh HH-
(hopMaluio 1Mo HEKOTOPOI TEPPUTOPHH, TEHE3UC U MPOCTPAHCTBECHHO-BPEMEHHbBIE Xa-
PAKTEpUCTUKH MCXOMHBIX AAHHBIX HACTOIBKO CHIIBHO Pa3iIMYaloTCs, 4TO (pakTHdecKn
MBI IMEEM JIEJI0 ¢ Pa3INYHBIMU HCTOYHHKaMu uHpopmanuu [3]. [Tons ¢ uapopmanueit
00 o0yakax u ocaakax, OJIyUYeHHBIC 10 JaHHBIM H3MEPEHUH Ha MeTeocTaHIusIX 1 MPJI,
SIBIISIFOTCSL PA3HOPOJIHBIMU | I IX COBMECTHOTO aHajm3a TpeOyeTcsl HCIOIb30BaHHE
CIICIUAJIbHBIX aJITOPUTMOB YCBOCHUA NAHHBIX, HAIIPUMEP, HA OCHOBC BapHUALIMOHHOI'O
COTJIaCOBaHUSI.

[lenbpr0 HACTOSIIETO MCCICIOBAHUS SIBJISCTCS TMOBBINICHUE KauecTBa MH(OpMa-
uuu 0 M/IB Ha ocHOBE MCTIONIb30BaHUS BapUALIMOHHOIO aHaIu3a JaHHBIX PaJMOJI0Ka-
LIMOHHBIX U HAa3EMHBIX U3MEPECHUU C y4eTOM (PH3HKO-reorpaduyecKux U KIuMaTruie-
CKHX 0COOCHHOCTEH palioHa UCCIICIOBAHMS.

MaTepnanbl U METOAbI UCCJICAOBAHUA

B nporiecce pa3paboTKu METOAMKH YYUTHIBAIHNCH apXHUBHBIEC JTaHHBIE PaHOIOKa-
LIUOHHBIX U3MepeHuit ¢ ucnonb3zoBanueM MPJI r. Kpacuonap, 1. Coun, 1. Anana, . Mu-
HepanibHble Bogibl 3a iepuon ¢ 2015 . mo 2020 1o

Meroauka yrouyHeHust
NMPOCTPAHCTBEHHOTO pacrnpeaeleHusi BUTUMOCTH
¢ y4eToM HH(popManun 00 HHTEHCUBHOCTHU 0CAKOB

B pabote mpemmaraercsi METOAMKA YTOYHEHUs MPOCTPAHCTBEHHOIO pacrpeese-
Hus 3HadeHnit M/IB ¢ yuerom mH(bopmarmn 00 ocankax Ha OCHOBE CTaTHCTHYECKHX
3aBUCUMOCTEHN MEKy JTaHHBIMU PaJIHOIOKALIMOHHBIX U3MEPEHUM OTpaKaTeIbHON CIIO-
COOHOCTH METE00OBEKTOB, IMOMYYEHHBIX C METEOPOIOTHYECKON pPaauO0I0KAMOHHOM
cTaHnmd, ¥ 3Ha4eHnsMu M/JIB (V), onpeneneHHbIMA Ha METEOCTAHIIHSX.

[Ipenmnaraemas METOAMKA peau3yeTcs CIEAYIOUMM 00pa3oM:

1. ITo naHHBIM HA3eMHBIX U3MEPEHUM, MOJYYEHHBIX C METEOCTAHIIMH U TIOCTOB,
BOCCTaHaBIIMBAETCs MoJie 3HaueHuit M/IB ¢ ncnons3oBannem Meroaa criailHOBOM MH-
TEPIOJSAIINN Ha OCHOBE BBIpakeHUs [4]:

3 3
V=2 2.0,5 (M)
i=0 j=0
rae ¢ — 3Ha4eHus K03(QOUIMEHTOB TIOJIMHOMA, X U ) — KOOPJIUHATHl METEOCTAHIIHH.
[Ipumep noctpoeHus nosy4eHHoro nois 3HaueHuid M/IB nist TunoBoit cuHonTH-
YEeCKOM CUTYallH TIPH MPOXOKICHUHU XOJIOAHOTO (PpPOHTA IMEPBOTO POJia HA TEPPUTOPHH
Kpacnomapckoro kpas 28 HosOopst 2018 roga mpeacTasieH Ha pucyHke 1.
2. I1o pagnonoKaMOHHBIM JaHHBIM BBIJIEJISIOTCS] 30HBI C OCAJKaMU U ITPOBOAMT-
cs ux Kiaaccuduranus (JT0K1ab, MOpOCh U T.1.). [1o pe3ynbraraMm U3MepeHus: oTpaka-
TEJILHON CIOCOOHOCTH (Z) Ha TIEPBOM YPOBHE BBICOTHI B KaXKIOIH TOUKE MPOCTPAHCTBA

(xBagpare co CTOPOHOM 4 KM) PacCUUTHIBAIOTCS 3HAYEHNSI HHTEHCUBHOCTH OCAJIKOB I10
thopmye [2, 5, 6]:
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L2
I=10" ©, 2)
rje / — MHTEHCUBHOCTH OCAJIKOB, MM/4, 0. ¥ [3 — KO3 (UIIMECHTHI, YUUTHIBAIOIIUE Xa-
paKTep METEOPOIOTUYECKOTO SIBICHUS, YXYAIIAOIIETO BUANMOCTb.
3nast uH(opMaIuo 00 MHTEHCUBHOCTH 0CaJIKOB, 3HaueHus:t M /B MoxHO orpene-
JUTh 10 Gopmyie [1]:

V(x,y)

e ¥, — BUIMMOCTb IPU OTCYTCTBHHU OCAJIKOB, KM.
[Honcrasnss (2) B (3), nomyunm 3Hadenuss M/IB B ocankax:
—0,71l z
o

—Q 8
)=V0'10 p

e, G

v

(x.y 4)
ITpu OTCYTCTBHM BO3MOKHOCTH U3MEPEHHUIA OTPaXKaTeIbHON CIIOCOOHOCTH Ha mep-
BOM YPOBHE TI0 BBICOTE TIPOU3BOIUTCS €€ OTPEIEIICHUE TI0 aJITOPUTMY, IPEACTABICHHO-

My B pabote [7].

X

Puc. 1. [Tone 3HaueHU METEOPOIOrHUECKOM 1aIbHOCTU BUJUMOCTH,
ITOCTPOCHHOE IO JAHHBIM Ha3eMHBIX M3MECPCHHN.

Fig. 1. The field of values of the meteorological range of visibility,
constructed from ground-based observations.
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X

Puc. 2. [Tone 3HaueHU METEOPOIOTHUECKOM TaTbHOCTU BUTUMOCTH,
MTOCTPOCHHOE TI0 PATUOIOKAIIMOHHBIM TAaHHBIM.

Fig. 2. The field of values of meteorological visibility range,
constructed from radar data.

3aremM BOCCTaHABIMBACTCS TIOJIE TI0 PAAMOJIOKAIIMOHHBIM JTaHHBIM. [IprMep peanu-
3allUM MPEAJIaraeMoro Moaxojaa JUisi TUIOBOM CHHONTHYECKOW CUTyallMd MPH IPO-
XOXJICHUH XOJO0MHOTO (hpoHTa TepBOro poaa Ha Tepputopuu KpacHomapckoro kpas
28 Hos10pst 2018 roma nmpencTaBieH Ha PUCYHKE 2.
3. Jlajiee BBIMOJIHACTCS BAPHALIMOHHBIN aHAIM3 JaHHBIX PAaIHOIOKAIIMOHHBIX U Ha-
3€eMHBIX U3MEPEHUI METCOBEIMYHH C UCIIOJIb30BaHUEM Mozenu [8, 9]:
A, -

2
))2 +B(V (x,y)‘Vl(E,y))2+ > _VI(X)) =6(V(y) l(y)) dxdy—>min, (5)

Ox Oy

2
Xir1Vis1

J= | |4

(w)

v

0(x N

X Vi

rae V — uckomoe 3HaueHue M/IB, koTopoe sIBIsieTCS KOHEUHBIM PE3yAbTaTOM IIpoLe-
Jlypbl BAPHALIMOHHOTO COMIAcoBanus, kM; V| — 3Hauenue MJIB ¢ yueTom mHpOpma-
MU OT CETH METEOPOJOTHYECKHUX CTaHIMK, KM; V| — 3Hadenue MJIB, momydenHoe
110 JIAaHHBIM PaIUOJIOKAIIMOHHBIX U3MepeHuH, kM; A, B, C — BecoBbIe KO3(DPHUIIUEHTHI,
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OTIPENIEISIONINE BKIIA]] KAYKIOTO U3 ClIaraeMbIX B BAPUAIMOHHBIN aHAIIN3; X U Y — KOOP-
JIMHATBI TOYKU IIPOCTPAHCTBA, B KOTOPOHl onpenensercs M/IB.

Koadpdpunmentst 4, B, C 1omkHBI OBITH 00paTHO MPOTIOPIIMOHATFHBIMI KOBapHa-
IHOHHBIM MaTpuiam ormbok (41, B!, C!), rne A”' — xoBapuaIoHHas MaTpHUIla OIIH-
OOK CTaHIIMOHHBIX U3MepeHuii, B!, C! — KoBapHaI[MOHHbIE MATPHIILI OIIHOOK PaIHo-
JIOKAIIMOHHBIX U3MepeHuil. OHaKo U3-32 OTCYTCTBHS TAKOTO poja HHPOPMALH KO3(]-
(UIHMEHTHI TOIONUPAICH U3 BBHITIOIHEHHS YCIOBUH MUHUMH3AIUH OIUOOK aHAIN3A.

[Tocne BappupoBaHus GyHKIIMOHATA (5) ¢ UCIIOIB30BaHUEM ypaBHEHUs Diliepa—
Jlarpanxa nomnyuyum:

a(V .7 )2 a(V 7 )2
A(V(W)—VO(W))Z —B(V(x’y)_Vl(x’y))z_ 0 7) Vo) | ®

Pemmenne ypaBaenus (6) ocymecTBisieTcs ¢ HCIOIb30BaHUEM UTEPALIMOHHOM TTPo-
uenypsl. [locrpoenue nonss M/IB BeINOAHANIOCH NpU MOMOIIM MPOLIETYPbl HHTEPHO-
JSIIMW Ha OCHOBE MCIIONBb30BaHMsI BEeCOBBIX (pyHKuMi. [Ipu sTOM 3Hauenne M/IB B ka-
JKIOU TOYKE CETKH (X,)) ONPEaEIUIOCh TT0 hopMyIIe:

N
ZVk Wi
I/(x,y) :kZIN—’ (7)
2
k=1
rae N — KOJIMYEeCTBO CTaHLMI HAOIIONEHU, Vk — 3HaueHue M/IB, onpenesenHoe Ha
CTaHLMH, KM; W, — BECOBOM MHOXHUTEIb, ONPEACTAOIIMN BKIIa T k-0l CTaHIMK B 110JIE
MJIB nns Touku (x,y), onpeaenseMbiii o opmye:
W, =e’w"2, )]
e Y — kod(hGHUImMenT mpocTpaHCcTBEHHOH aBTOKOppesia M/IB.

Ha ocnoBe mpemyaraemoii ¢opmyss! (5) OblIM MPOBEACHBI YHCICHHBIC JKCIIC-
PUMEHTHI 0 TOBBIIIEHUIO TOYHOCTH Tonsg M/IB 1o naHHBIM pagMoNOKaIMOHHBIX U
Ha3eMHBIX U3MEPEeHUH Ha TeppuTopuu KpacHomapckoro kpas, B pe3yibTaTe KOTOPhIX
ObUTH TOI00paHbl ONTHMAIbHBIE KOdQduiuenTsl 4, B, C.

[Ipumep ast TUIIOBOM CUHONTUYECKOM CUTyallMU MPU MPOXOKIECHUU XOJIOJIHOIO
¢ponTta mepsoro pona Ha Tepputopun KpacHomapckoro kpast 28 nosops 2018 ropa
MIPEICTABIICH HA PUCYHKE 3.

OneHka TOYHOCTH pe3yibTaToB, MOIYYEHHBIX C UCIOJIB30BAHUEM IIpeJiaraeMoi
METOAMKH, OCYIIECTBIISIACH TI0 JAHHBIM HAa3€MHBIX U3MEPEHH B KaKI0M TOUKE MyTeM
pacueTa cienyroInX Mmoka3aresei: cpeqHexBaaparndeckas o(}) u cpemuss adCcomroT-
Has 3(V) ommbku, Kod3pPUIMEnTsI Bapuanuu BHYTpU uccienyeMbix obmnacreit C (V)
C MCIIONIb30BaHMEM JaHHBIX, HE BKIIOYEHHBIX B 00IHii pacueT. Pe3ynbsrarTs! olieHKkH Ka-
YecTBa MpeAIaraeMoil METOAMKH, IPEACTABIAIONINE cOO0H CPEHIOIO TI0 MO0 OLITHOKY
BOCCTaHOBJICHUS 3HaueHnit MJIB, ipencraBieHs! B Tadmuie 1.
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Puc. 3. [Tone 3Ha4eHUIT METECOPOIOTHIESCKON JaTFHOCTH BHIUMOCTH,

TIOCTPOCHHOEC 10 KOMITJIEKCHBIM JaHHBIM.

Fig. 3. The field of values of meteorological visibility range, constructed from complex data.

Tabnuya 1

CTaTHCTHYECKHE XapaKTEPUCTUKH TOYHOCTH allPOKCUMALIMH IO BUIUMOCTH
¢ yuetoM HpopMaImu 00 ocankax Ha TeppuTopun KpacHomapckoro kpas

Statistical characteristics of the accuracy of the approximation of the field of view,
taking into account information about precipitation in the Krasnodarskiy kray

Konuuectro IIyHKTOB

HalmoeHuit o(V), 1M a(v), km 8(F), km C(). xm
10 123 1.8 2,0 0,62
15 0,55 0,8 0,9 0,45
20 0,45 0,6 0,7 0,39

AHanu3 JaHHBIX TaOIUIBI | MOKA3bIBAET, YTO KOJUYECTBO BKIIOUCHHBIX B pacueT
METEOPOJIOTHUECKUX CTAHIINN CYIECTBEHHO BIHSIET HA TOYHOCTH IPOCTPAHCTBEHHOTO
BocctanoBieHuss MJIB. [Ipu 3ToM KauecTBO MOTYUYEHHBIX PE3YIBTATOB TAKXKE 3aBUCUT
OT TUIOTHOCTH X pactpeneneHus. OCOOeHHO SPKO ATO MPOSIBISETCS MPU HATWYIHH HaJ
TEPPUTOPUEH UCCIIETOBAHUS BHYTPUMACCOBBIX U 3aMaCKUPOBAHHBIX Ky4€BO-IO0KACBBIX

00JIaKOB.
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BriBoabI

[IpenmokenHas B paboTe METOIWKA MPOCTPAHCTBEHHOTO pACIpEeACIICHUs 3HaUe-
Huii MJIB, ocHOBaHHAast HA CTATUCTUYECKUX 3aBUCUMOCTAX MEXK]Y PaAHOIOKALIMOHHOMN
OTPaXKAEMOCTHIO METEOOOBEKTOB M TAHHBIMH Ha3eMHBIX U3Mepenuit MJIB, a Takxke Ha
MOJIEJISIX BAPUALMOHHOTO aHAJIN3a U CIUIAMHOBOM MHTEPIOSLUN ATUX JAHHBIX, 103BO-
JII€T MOBBICUTH TOYHOCTH IPOCTPAHCTBEHHOW annpokcuMannu MJIB 1o 3HadeHUsIM
cpenueit abcomoTHON ommOkn ot 0,6 kM g0 1,8 KM, 10 3HAYEHUSIM CpEIHEKBaIApaTH-
yeckoro oTkioHeHus ot 0,45 km 10 1,23 kM npu pa3MelIeHUU CTaHIUN HA3eMHbBIX U3-
MEpeHH! B paiiloHE MCCIIEZOBAaHUS C PABHOMEPHOMW IIJIOTHOCTHIO B KonudecTBe OT 10
1o 20 1T,

UuCIIeHHBIN 3KCIEPUMEHT, IIPOBEJCHHBIM C PEAIBHBIMU JAHHBIMU IIPU pa3iiny-
HBIX CHHONTHUYECKUX CHUTYyalUsX, MOKa3al, YTO MOJYYEHUE HAWIYYIIEro pe3ysbTara
HaOJIOIAETCS TIPU BBITIAJICHUU OOJIOKHBIX U MOPOCSIINX OCaJAKOB. Hanmyue 30H ¢ Ky-
YEBO-JIOKICBOI O0JIAYHOCTHIO TPUBOANT K 3HAYUTEIHLHBIM OITHOKAM TPH YTOIHCHHH
3HaueHnit MJIB, nocturatomum 3uadeHuid 100—150 % oT ucxonHOM BEIUYHHBI.
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