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COBEPHIEHCTBOBAHUWE ME3OMACHITABHOIO YNCAEHHOIO
ITPOTHO3NPOBAHMUA ITOTOADBI WRF-ARW B PECITYBAUKE BEAAPYCH
ITYTEM ACCUMUAALINN PAANOAOKAILIIMOHHBIX AAHHBIX
O BETPE 11 OTPAJKAEMOCTHA
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AHaIH3UPYIOTCS MPOTHO3BI OMMACHBIX SIBIICHUI MOTOMBI, BEITIOJHEHHBIC C MIOMOIIBI0 YHCICHHONH Me30MacIITaOHOM
mozaenu WRF ¢ ananTupoBaHHON CUCTEMOM aCCUMWISLIMU TaHHBIX PaJUOJOKAIIMOHHON OTPa)KaeMOCTH U paJiualibHOMI
CKOPOCTH C CETH 0eOPYCCKHUX MOTNICPOBCKUX METEOPONOTHYECKUX JToKaTopoB benruapomera (2019). OnuceiBaroTcs
CIOCOOBI KOHTPOJIS KaueCcTBa PaaNodXa Ha OCHOBE XapaKTEPUCTUK ABOWHOM MOJSPHU3AINHU JIOKATOPOB M METOJ TPeX-
MepHOH BapuanmoHHoi accumuiaiu (3D-VAR), npuMmeHseMsli B ensax yTouHeHHsa ucxoaHoro noist moaenu WRE.
IIpuBonsaTcs pe3ynbTaThl aHalu3a psijia CMOJEIMPOBAHHBIX CIYYaeB OCAJKOB U CHJIBHOTO BETpa JJI pPa3IMYHbIX TUIIOB
OUPKYISIUN HA TEPPUTOpUU benapycu ¢ acCUMIIISAIUEH paJrioIOKAIlOHHBIX JAHHBIX U 0e3 Hee. BhImomHeHa cTaTucTu-
YyecKast 1 00bEKTHO OPHCHTHPOBAHHAS OIIEHKA ATHX MPOTHO30B. Pe3ybTaThl KOMIUIEKCHOTO aHAIH3a CIIPOTHO3MPOBAHHBIX
CIIy4aeB C aCCUMUJISAINEH pagapHoi HHPOPMAITUN JeMOHCTPUPYIOT YMEHBIICHNE OIINOKHN MMPOTHO3a IIPH3EMHOTO BETpa
Ha BeIcoTe 10 M OT mOBepXHOCTH 3eMJId Ha 1,34 M/C Ha paHHUX Yacax MPOrHo3a (+6 ¥), a TaKKe yIyqlIeHHE TPOrHO3a
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MECTOIOJIOKEHHS, OPHEHTAIINH 00JI1acTel BBIMAACHUS 0CAKOB M O0JaYHBIX CTPYKTYP, COKpAIIEHHE KOJINIEeCTBA JIOKHBIX
Tpesor. [IpencraBieHo npenBapuTENIbHOE 3aKII0YEHHE O BOBMOYKHOCTH UCTIONB30BaHMs PE3YIbTaTOB IIPOrHO30B B CUCTE-
Max HayKacTHHTIa (CBEPXKPAaTKOCPOUYHBIH IPOTHO3).

Kniouesvie cnosa: xparkocpounbslii mporHo3 norofsl; WRF-ARW; accumumsinus naHHbIX; JOMJIEPOBCKUNA METEOPO-
JIOTMYECKUH JIOKATOp; JBOIHAS MOJSIPU3aLNs; OLICHKA; HAyKACTHHI.
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The forecasts of severe weather events obtained with the WRF numerical mesoscale model with the adapted system
for assimilation of reflectivity and radial velocity data from the network of Belarusian Doppler weather radars used in
Belhydromet in 2019 are analysed. A description of the system for the echo quality control based on the radar dual-pola-
risation characteristics and the method for three-dimensional variational assimilation (3D-VAR) used to assimilate data in
the WRF model are described. The results of case studies on the simulation of precipitation and strong wind for various
circulation types in Belarus with and without radar data assimilation are given. The statistical and object-oriented verifi-
cation of these forecasts is provided. The results of the comprehensive assessment reveal a decrease in the forecast error
for 10-m wind speed for the early forecast hours (+6 h) by 1.34 m/s, as well as a more accurate forecast of the location,
orientation of the cloud systems and precipitation zones, and a decrease in the number of false alarms in the version with
assimilation. A preliminary conclusion on the possibility of using the forecast results in nowcasting systems is also made.

Keywords: short-range weather forecast; WRF-ARW; data assimilation; Doppler weather radar; dual-polarisation;
verification; nowcasting.

BBenenune

CucTeMbl ME30MacITaOHOTO YUCISHHOTO TporHo3a morosl (UIIT) mo3BosisoT MoaeInpoBarh ¢ J0CTaTou-
HO BBICOKOH TOYHOCTBIO OIACHBIE SIBJICHUS] KOHBEKTUBHOTO MaciuTada (JIMBHU, IPO3bI, IIKBAINCTOE YCUIICHUE
BeTpa U T. [I.), HAHOCSINNE 3HAYUTEIBHBIN SKOHOMUYECKUH yIIepO CeTbCKOMY, JIECHOMY XO3SICTBY U TpaHC-
nopry benapycu'. OnHako 110106HbIiT TPOrHO3 TPeOYeT AeTANN3AIHNH H3-3a MaJbIX BPEMEHHBIX (OT HECKOJIb-
KHX MUHYT) U IPOCTPAHCTBEHHBIX (OT COTEH METPOB) MAaCIITA00B KOHBEKTUBHBIX SIBJICHUH.

J1J1s1 TOBBILIIEHNS] TOYHOCTH ITPOrHO30B ONACHBIX SIBIEHUI MOTO/IbI B CHCTEMAX YMCIEHHOTO MOAETUPOBAHUS
MIPUMEHSIETCSI AaCCUMUWIIALINS TAHHBIX C BRICOKMM BPEMEHHBIM M MTPOCTPAHCTBEHHBIM pa3peleHueM, Crocoo-
HBIX 3a()MIKCHPOBATh KOHBEKTHBHEIE SBJICHUS HA TEPPUTOPUH CTpaHbl. K TakuM TaHHBIM OTHOCATCS HaOIoIe-
HUS JOTIEPOBCKOTO METEOPOIOTUYECKOTO JTokaropa (JAMPJI).

CeTb paIuoONOKallMOHHBIX METEOPOJIOrHUeCKUX Habmonennii benapycu npencrasnena cranuueii MPJI-5
(bpect) U MATBIO TOMIEPOBCKUMH METEOPOIIOTUYECKUMH JIOKATOpaMu JABOHHOW monsipu3anmu (MwuHCk, [0-
Mens, Butebck, [ poaHo, bpect), HaOmoneHusT Ha KOTOPBIX MPOU3BOAATCS ¢ BEICOKOH THCKPETHOCTRIO TIO Bpe-
menu (10 mun) u mpoctpanctsy (0,5-1,0 km) B pannyce 250 kM Ha Oomnbieit yactu benapycu. Onu narot
YHUKaJIBbHYIO HHPOPMALMIO O paclpefeseHNH MOoJisl paJualbHOTO BETPa, OTPakaeMOCTH THAPOMETEOPOB, HH-
TEHCUBHOCTHU 0CAJIKOB, MUKPO(PHU3NIECKOI CTPYKTYpe 00JIAKOB U 30HAX OOJIEZICHEHUS HA TEPPUTOPHH CTPAHBI.
DTy HHPOPMAITHIO MOKHO aCCUMIITHPOBaTh B Moxensx UIIIT [2].

[Iporecc acCHMUISIIMN METEOPOIOTUUECKUX JIAHHBIX HAIIPABJICH Ha IOCTPOCHUE O0Jiee TOYHOTO HauyaJIbHO-
T'0 COCTOSTHHA aTMOC(ephl 3a CUET BKIIIOUSHHUS HOBBIX, paHee He UCIOIb3YeMbIX HAOMIOACHUH C OCIEAYIOINM
Y4eTOM OIMUOOK ATHX HAOIIOJCHUH W OIMOOK MPOrHO3a MOAENH. B pesynprare cormacoBaHUS BCEX METEO-

'CenpMoe HamMoOHAMBHOE cooOIIeHHe Pecniy6muku bemapych B COOTBETCTBUH ¢ 06s3aTeabCcTBAME 10 PaMouroi korBeHImm OOH
00 m3meHeHnu kiaumara [Dnexrporusiii pecypc]. URL: https://unfcce.int/sites/default/files/resource/92104765 Belarus-NC7-1-Al
BLR NC7.pdf (mata o6pamenus: 15.03.2020).
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POJIOTHYECKHX TTOJICH (hOPMHUPYIOTCS HOBBIC HaYaJbHbIC U TPAHUYHBIC YCIIOBHUS, KOTOPBIC UCIIOIB3YIOTCS IS
MTOCJIEYIONIETO TPOrHO3a [3].

Pecrryonuka benapychk He sBIseTCS YiICHOM KPYITHBIX METEOPOJIOTHYECKUX KOHCOPIIMYMOB M IIEHTPOB
(Météo-France (®pannus), Met Office (BenmukoOpuranus) u 1p.), ClIOCOOHBIX MOAEIUPOBATh ONACHBIE SIB-
JICHUSI TIOTOJIbI C YYETOM YCBOCHHBIX PAHOJIOKAIMOHHBIX METEOPOJIOTHIYESCKIX HAOIIOICHUH Ha €€ TePPUTO-
pun. B cBSI3M € 5THUM cO3/1aHME CUCTEM aCCUMUIISILIUK JAaHHBIX OEIOPYCCKUX METEOPOIIOTHYECKHUX JIOKATOPOB
U TIOCJIEYIONIET0 PETHOHAIFHOTO MPOTHO3UPOBAHMS OMACHBIX SIBICHUH MOTOJBI IS TeppuTopun bemapycu
MIPENICTaBISIET CO00M rOCyIapCTBEHHYIO 3a/1ady.

B benrunpomeTte amst Mporao3a OMacHbIX SBJISHUN ITOTOBI OBLT pa3pa0doTaH KOMIIOHEHT CHCTEMBI YCBOCHUS
JTAHHBIX HA3EeMHBIX (HE BXOSIINX B MEXKTYHAPOTHBIN 0OMEH) a’pOJIOTHUECKHUX U PAHOJIOKAIIMOHHBIX HAOFO-
JEeHUH JUIs aalTHPOBaHHOM Me3oMaciuTaOHol uncinenHoi mogenn WRE (Weather Research and Forecasting)
Ha 0a3e MeToJia TPEXMEPHOr0 BapualmoOHHOTo ycBoeHust 3D-VAR.

Lens cTarbu — npencTaBiIeHne pe3ynbTaToB HCIOIB30BAHMS IIPOTHO30B KOJIMYECTBA OCA/IKOB U BETpa B Me-
3omacmTabHoi mogenu WRF Ha tepputopun bemapycu, HOTy4eHHBIX ¢ TOMOIIBIO aJallTHPOBAHHON CHCTEMBI
ACCUMUIISAIINY TOPU30HTAIBHOM OTPakaeMOCTH U paJHalibHOW CKOPOCTH ¢ ceTH Oemopycckux JIMJIP.

JLuts1 3TOIA TIeTH petieH psi 3a/1ad: co3aaHa 0a3a qaHHbIX mporHo30B Monenu WRF mist teppuropun benapy-
cH; pa3paboTaHbl aBTOMAaTU3UPOBAHHBIC TPOIPAMMHBIE KOMITICKCHI JIJIsS 00pa0OTKK U KOHTPOJISI HAOMIOICHU
JMPIJI Muncka, ['omens, ButeOcka (BBIMOJIHEHBI TECTUPOBAHUE U BHIOOP ONTUMAILHOTO METO/Ia (QUIIBTPa-
MU JAHHBIX, IPOBEICHA HACTPOITKa MOPOTOBBIX 3HAUYCHUI, 3aIPOrPaMMHUPOBAHEI 00pabOTKa U KOHBEPTAIIHS
PaAMOIIOKAIIOHHBIX TTOJIEH Ha SA3BIKE POTPAMMUPOBAHUS Python Aiis TIOCIEqYIONeH aCCUMILTAIINNT ), & TAKKe
JUTSE ACCHMUJTSIIIAN PaIapHBIX TaHHBIX (pacdeT KOBapHaIlMOHHOW MaTPHIIEI OMIMOOK TPOTHO3a MOJIENIN Ha OC-
HOBE CO3/IaHHOH 0a3bl MPOTHO30B, HEOOXOAUMOH [Tt accummtsannu MetogoMm 3D-VAR, HacTpoiika koH(HTY-
paluy CUCTEMbI ACCUMUWIISLINN ).

JlaeTcst kpaTkuii 0030p MPUMEHEHUs TIOJIYUYCHHBIX MMPOTHO30B ISl CUCTEM HAayKaCTHHTA HA TEPPUTOPUU
benapycu.

MarepuaJjbl 1 METOAbI HCCJIEI0BAHUSA

PasBuTHE ceTH METEOPOIIOTHUECKUX JIOKATOPOB Ha TeppuTopru benapycu Hauanock B cepenune 1970-x rr.
C YCTaHOBKHU METEOPOJIOTHUECKOTO0 JJokaropa B asponopty [omens (MPJI-2, 1975) (puc. 1). 3a 310 Bpems pa-
JTUOJIOKAIMOHHAS METEOPOJIOTHS TPOIIIa Pa3BUTHE OT MEPBBIX HEKOTEPEHTHBIX JIOKATOPOB JI0 COBPEMEHHBIX
JIOTIIIEPOBCKUX METEOPOIOTHUECKUX JIOKATOPOB TBOWHOM MONSpHU3AIH, (PHKCUPYIOIIUX ME30IHUKIOHBI, 30HBI
TypOyJIeHTHOCTH | cABHT BeTpa [1].

Puc. 1. Kapra pacnionoxxenus [IMPJI () u 061acTi MOICTHPOBAHUS B SKCIIEPUMEHTE
¢ marom cetku 9 km (DO1), 3 xkm (D02), 1 km (D03) (6)

Fig. 1. Map of Doppler weather radars location (¢) and modeling domains in experiment
with grid size 9 km (D01), 3 km (D02), 1 km (D03) ()

Ceifuac Ha TEpPUTOPUH CTPAHBI PACIIOIOKEHBI MECTh METEOPOIOTHIECKIX PATUOIOKAIIMOHHBIX CHCTEM:

 JIMPJI Musncka (JIMPJI nBoitHo#1 monsipu3anuu ¢ JUIMHOM BOMHEL 5,3 ¢M Ha 6aze [IMPJI «Meteop-500C»
(Gematronic, I'epmanus));

» IMPJI l'omenst (JIMPJI nBoiiHO¥ monsipu3ayu ¢ JNTHHOM BOMHEI 5,5 cM Ha 6aze [IMPJI «Meteop-635C»);
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» JIMPJI Burebcka (JAMPJI nBoiiHO# MONSpHU3auy C JIWHON BOJHBI 5,3 CM U BBICOKOW SKBHUBAJICHTHOMN
MomHocThIo u3myueHus (900 kBt) na 6aze cucremsr JIMPJI-C (OAO «HIIO “JInaHo30BcKHii diIeKTpoMexa-
HUYeCKuil 3aBox” », Poccus));

* JIMPJI I'pogHo;

» JIMPJI bpecra;

* MPJI-5 (bpecrT).

Habmionenus Ha BceX JOIUIEPOBCKHUX PAAMOIIOKAIIMOHHBIX CHCTEMaX MPOU3BOIATCS B JABYX MMITYJIbCHBIX
pexxumax (oTpaxaemocTs (paguyc 250 kM), ckopocTh (pamuyc 150 km)) Ha 34 ypoBHAX Kaxasle 10 MHH.
B 2020 1. BBenens B skciuryararuio [IMPJI bpecta u JIMPJI ['poxno (cm. puc. 1).

Haubonee nepcrieKTHBHBIME HaITpaBJICHUSIME IPUMEHEHUs HaOmonenuit 6enopyccknux JIMPII siisitorcst
accumuisiis B monenu YIIII, HaykacTHHT, HCTIONIB30BaHNE TTONISPU3AIMOHHBIX XapaKTepUCTHK I aHajn3a
Y TIpeynpexkIeHUs 00 OTTAaCHBIX ABJICHUSX IMOTO/IbI (MUKPOIIIKBAJIBI, TUBHHU, TYPOYIEHTHOCTD H JpP.) IJIs HY KT
aBUAIIH.

Cucrema KOHTPOJIsI Ka4eCTBa U NMOATOTOBKHU TaHHBIX I[MP.JI AJIA AaCCUMUJIAIIMNA

B 2014 . B benruapomere Obuta pa3paboTaHa ajganTHpOBaHHAs CUCTEMa ME30MACIITAOHOTO YHCIEHHO-
IO NMPOTHO3MPOBaHUs Ha ocHOBe Mojenu WREF juis teppuropun benapycu ¢ yilydIlIEHHBIM IIPEICTAaBIECHUEM
TeOJJaHHBIX (penbed) W BBIOOPOM ONTUMAIILHBIX cxeM mapamerpusaiun. Monens WRF siBisercst coBmect-
HOW pa3pabotkoii HarmonanbsHoro 1ienrpa armocdepubix uccienoBanuii (National Center for Atmospheric
Research, NCAR) n HaronansHoro ynpasieHusi okeaHHueckux u armocepHsbix sinenuii (National Oceanic
and Atmospheric Administration, NOAA).

Ha nepBom 3Tane B COOTBETCTBUH C JaHHOW CUCTEMOM OBbUI IMOJrOTOBJICH 0a30BbI KOMIIOHEHT aCCUMUIIS-
MM METEOPOJIOTUIECKUX HaOmoaeHni (Ha3zeMHble u adponorunueckue) mia monenn WRF [1-3]. Ha Bropom
JTare Benaach pa3paboTka CHCTEMbI KOHTPOIIS M IOATOTOBKH OEIOPYCCKUX PaJIMOIOKAIIMOHHBIX TAHHBIX H a/1all-
TUPOBAHHOTO KOMIIOHEHTA CHCTEMbI aCCUMUJISITNH HAOIIOACHHA I MO Ha ocHOBe MeToma 3D-VAR.

benopycckue JIMPJI sBnsiorcs MHOronapaMeTpudecKuMu (TIOISPU3aIMOHHBIMU), YTO MO3BOJISET MPOBO-
IUTH OOJiee TOYHBIM aHAIM3 MTOMEX OT HEMETEOPOJIOTHUECKUX OOBEKTOB M OINPEIEIsiTh MUKPO(DUZNIECKYTO
CTPYKTYpy MeTeooObekTa ((hazoBoe cocrosiHue, (opMa THIPOMETEOPOB), Pa3iinyaTh CHEI, JUBCHb, T'pajl,
a TaKkKe JOXKIb CI1a00H, CpeiHEeH W CHIIbHONH MHTECHCUBHOCTH.

B xone nabmonennii JIMPJI ¢popmupyercsi HaOop OCHOBHBIX BBIXOIHBIX MapaMeTPOB, UCIIONB3YEMbIX Ha
JTare KOHTPOJIS U HEMOCPEACTBEHHO Il aCCUMWIISIIIMN: PaJUOIOKAIIMOHHAS OTPaKaeMOCTh TOPU30HTAILHON
nonsipuzanmu (DBZH); pannansnaas ckopocts (VRAD); mmprHa 10TIIEPOBCKOTO CIIEKTpa pagralbHBIX CKO-
pocreit (WRAD); xoadduument kpocc-koppernsiinun (RHOHV); nuddepenunanshas orpaxaemocts (ZDR);
muddepentmansias dpaza (PHIDP); ynensnblit pazossiit casur (KDP).

B kauecTBe OCHOBHBIX METO/IOB yJAJICHHS ITOMEX B PAJHOJIOKAIIMOHHBIX JaHHBIX MPUMEHSUIUCH (HIBTP
lNabemna [4] u MeTox MACHTU(DUKAIIMK TIOMEX Ha OCHOBE HEUETKOM JIOTHKH IS TIOJISIPU3aIIMOHHBIX XapaKTepH-
ctuk (fuzzy echo classification) [5]. Bonee netanbHo MeTobl paccMarpuBaroTes B [6]. CTOUT OTMETHUTD, YTO
CO3JIaHME CUCTEMbI KOHTPOJIS TIO3BOJIHIIO OT(YMIIETPOBATH TOMEXH M OATOTOBUTH PaIHOJIOKAIIMOHHBIC IaHHbIE,
HEOOXOAMMBIE TIPH MOCIeAYoIeH accuMusiiu B Moaesib WRF. ABropamu nipoBejieH psiji SKCIIEPUMEHTOB 110
OLIeHKEe A(PPEKTUBHOCTH (QUIIBTPALIMU HE MeTeoposioruueckoro 3xa ¢ JIMPJI Muncka, ['omers, BureOcka BbI-
OpaHHBIMU METO/IaMU U TTOI00PY KPUTEPUEB QHUIBTpaLluK. Pe3ynbraTsl mokas3aiu, 4To NpUMEHsIEMbIHA QUIBTD
Ha OCHOBE HEYETKOM JIOTMKHU MOKPHIBACT CTAHJAPTHBIC KPUTEPUH (PHIIBTPALINH, HCIIONb3YeMbIe TIPH aHaTu3e
axa JIMPJI (ko3 dunuent kpocc-koppensiunuu meHee 0,7—0,8 (He MeTeoposiorndeckuii), mudepeHiuaibHas
OTpaxxaeMoCTh bonee 4-5 u 1p.).

3arem ObLT pa3pabOTaH MPOTrPAMMHBIN KOMILJICKC JJIs aBTOMAaTU3UPOBAHHON KOHEYHOM MOATOTOBKH PaIuo-
JIOKAIIMOHHBIX JJAHHBIX, BKIIIOYAIOIIUHI TPeo0pa3oBaHue B KOOPAUHATHI cucTeMbl MonenupoBanus WRE, nepe-
CUeT KOMIIOHEHTOB CKOPOCTH BE€Tpa M TOPU3OHTAIBHOM OTPakaeMOCTH Ha peajbHbIe BBICOTHI U MpE/ICTaBIe-
HUE JJaHHBIX B (hopmarte, TpeOyeMOM CUCTEMOM YCBOCHUSI IaHHBIX.

AcCHMMWIAIMYU PAJAUOJOKANNOHHBIX JaHHBIX B MoAe b WRF-ARW

B ocHoBe aganTupoBaHHOM cucTeMbl ycBoeHus AaHHbIX [IMPJI B bearnapomere aeKUT TpeXMEpPHBIN Ba-
puanmonHbii MeTo] (3D-VAR), B KOTOpOM HECOTIIAaCOBAaHHOCTH MEX/y POTHO30M M HAOIIOIEHUSIMH TIPE/I-
crasisiercs B Bue ¢yHkuonana [3; 7]. Haxoxaenue MUHUMYMOB JaHHOTO (DYHKLIMOHAJIA OT HCKOMOT'O BEK-
TOpa COCTOSHUS CUCTEMBI X TIO3BOJISIET PELLIUTH 3a/1a4y

)= 0] 5 o ) 1 (6 ),
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rae X ecTh BEKTOP, MPENICTABISIONINI HCKOMOE TI0JIE — COCTOSTHHE aTMOc(hephbl Ha CEeTKE B MOMEHT aHalln3a,
X' — mone mporrHo3a 1Mo THAPOAMHAMEUYECKOH MOIENH aTMocdephl; B — MaTpHUIia KoBapHaIHil OMMGOK MPOrHO3a;
XOP _ pextop Habmonenuit; R — MaTpuIa KoBapuaiuii omu6ok HabmroaeHuit; / — onepatop HabIIOIeHM i,
CBSI3BIBAIONINN HAOIONEHNSI C UCTHHHBIM COCTOsIHHEM atMocdepbl. sl MUHUMH3alUN JAaHHOTO (YHKIHO-
Haja MPUMEHSIETCS METOJ] CONPSKEHHBIX TPaJIMEHTOB, KOTOPBIM BKIIIOYAET OLEHKY H3MEHEHUS! KOHTPOJIBHBIX
MIEPEMEHHBIX (TeMIlepaTrypa, yJellbHas BIaKHOCTb, JaBIEHHE HAa YPOBHE 3€MJIM, 3aBUXPEHHOCTh U TUBEPTeH-
1nst). KonmraecTBo utepanmii coctaBmwio oT 15 10 20 ais pa3IudHbIX CITydaes.

OtpaxxaTenbHasl CIOCOOHOCTb, HaOIOaeMasi Ha JIOKaTOpe, MOXKET OBbITh aCCUMUWIMPOBAHA B YHCIICHHYIO
monens WRF Heckonmbkumu criocobamu. [1epBblii criocod mpeamnonaraeT acCUMHISIIAIO TOPU3OHTATBHON OT-
pakaeMOCTH HAIPsIMYIO Yepe3 OIepaTop oTpaskaTelbHON crtocoOHOCTH. BTOpoii crmocob mo3BoiIseT acCuMu-
JMPOBATh JAHHBIC YEPe3 MapaMeTPhl COIEPKAaHUS 10K AEBOH BOABI B 00JIaKaX, OLEHUBAEMBIE 110 OTPa’KaTelb-
HOM criocoOHOCTH. OH TakKe BKIIIOYAET OLICHKY COJAEep KaHUs CHEera, Kpymbl U APYTHX BHIOB BJard B oOnake.
B nacTosmmem rccie1oBaHUN HCTIONB30BAICS BTOPOH MOIXO TSI yueTa BIUSHIS HaOII0aeMoro Biaro3arnaca
Jla)ke TIpU OTCYTCTBUH JIOKIEBON BOJBI HA HA4YaJIbHOM 4Yacy pacdera [4].

AcCUMWIAILUS TaHHBIX O paiiajIbHOM BETPE MPOU3BOAUTCS IMyTEM IIepecueTa pajinaibHON CKOPOCTH C JIO-
KaTopa B KOMIIOHEHTbI CKOPOCTU BETPa MOJEIIHU: PAaJUaIbHbII BETEP U, MOKHO OIPEAEIUTh, UCIIOIb3Ys KOM-
IIOHEHTHI BeTpa (#, U, W), BEPTUKAIBbHYIO CKOPOCTh JBMKCHUS THMIIPOMETEOPOB (CBSI3aHHYIO C JIOXKIEBBIMHU
KaIUIIMHU) U, U PAacCTOSHUE OT pajapa IO TOUKU. BepTukanbHas CKOPOCTb U, PACCUUTHIBAETCSA M3 MAacCOBOIO
COZIepKaHMs JOKIEBbIX Kallelb ¢, C KOppeKLueil BbICOTHI [3]:

0

0 0

X—X - zZ—Z

or=u +p2 =Y +(w-1,) ,
r r r

)2 o 0,125
v, =5,40 = (a,)" ",

Tae U, U, W — KOMIIOHEHTBI CKOPOCTH B JEKapTOBBIX KOOpAWHATAX, M/C; X, ), Z — MECTOIOJIOKEHUE Pajiapa;
0 0

X,y ,z — IOIOKEHUE HAOIIONEHUS; 7 — PACCTOSIHUE MEKAY PaJapoM U HaOIIOIEHUEM; p, — IPU3EMHOE J1aBlie-

HHE; ¢, — MACCOBOE COJEPKaHUE TOXKIECBOH BOIBL, I/KT; p — JAaBlIE€HHE HA CTaHLUHU (pajgape).

BouruncanrebHbIN IKCTIEPUMEHT

J1J1s OIICHKY BO3MOXKHOCTH HCITOJNIb30BaHMsI pa3paboTaHHOM cucTeMbl acCuMmisaiuu ganubeix JIMPJI, mpo-
THO3a OTTACHBIX SIBIICHHUH MOTOABI (0CAJKH, BETEP) MPOBOIMIICS PSIT YUCICHHBIX 3KcriepuMenToB (10 ciaygaes),
BKJIIOUAIOLMX PA3JIMYHbIE CUHONTUYECKHE cUTyauuu Ha teppuropun bemapycu B 2017-2020 rr. Cinyuyau
OBUIN pa3/ieNieHbl Ha TP IPYIITBI COOTBETCTBEHHO BEAYIIMM THUIIAM IUPKYISLIH, 00YCIOBINBAIOIINM ITOTOLY
Ha TeppuToprH berapycu: 3amaHble U HBIPSIOUINE [TUKIOHBI U UX (DpOHTATIBHBIE pa3Aesbl; I0KHbIE ITUKIIO-
HBI;, aHTUIUKIOHBI (Tabm. 1) [8]. st Bcex cMoenMpoBaHHBIX ClydaeB OTMeqanuch HeOmaronpustaeie (HS)
u omacHble (OS) SBICHUS TOTOIBI.

Tabnuma 1
Onucanue NpoMoJeJIMPOBAHHBIX CHHONITHYECKUX CUTYaluil
Table 1
Description of modeling synoptic conditions
KomnnuectBo BI/I}ILI HeGJ’[aFOHpI/IHTHHX BI/I)Z[LI OITaCHBIX
Tunel qUPKyIAIUU o o Mecs
Cl1y4acB SIBJICHUU ITOI'OJbI SIBJICHUU ITIOT'OJbI
Kapa (+34°), cusbHbIi
3anagHbIe .
noxIb (15 MM 3a 12 ), cutb- | OYeHb CHIIBHBIHN IO ®Deppalib,
U HBIPAIOLINE 3 M s
HBI JIUBEHb, CUJIbHBINA BETEP (57 mm3a 12 v) MapT, UIOJIb
LUKJIOHBI
(22 m/c), mxBan
I'po3sl, rpan, cuIbHbBIN N SIHBapb
PO3HI, Tpat, [TponomxurenbHbIi p
1OxHBIE JIOKb, CHET, TOJIOJIEANIIA, . (2 cygas),
5 OUY€Hb CHJIbHBIN TOKIb
LIUKJIOHBI mkBaibl (15-24 m/c), xapa aBrycT
° (50-130 mm)
(+35°) (3 ciyuas)
Maii,
AHTHIAKIIOHBI 2 TymaHn, 3aMOpo3KH OTtcyTcTBOBANA
CEHTAOPb
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B nensx MoaenupoBaHusl CHHONTHYECKHUX YCIOBHUN MCTIONIB30Bajach CHCTEMa ME30MacIITaAOHOTO MPOTHO-
3UPOBAHUSA 71 TeppUTOprU bermapycu Ha ocHOBe HeruapocTarrnaeckoit Monenun WRF-ARW Bepcun 4.0 [6; 9].

[Iporuos paccunthiBaiicsi ¢ 3a0maroBpeMeHHOCThI0 +24 1 st Tpex obmactei pasmepom 300 x 300 y3moB
¢ mmarom cetku 9; 3 u 1 kM Ha 40-Eta ypoBusx. BHenmnss 00macTh (9 KM) MOKpHIBaia TEPPUTOPHIO EBpOTIBL.
B kauecTBe HauaJIbHBIX U OOKOBBIX IPAaHUYHBIX YCIOBHH HCHONB30Bajuch nporHosbl monenu GFS (Global
Forecast System). Jlannsie JIMPJI Muncka, IMPJI T'omenst u JIMPJI Bure6eka (2019) accumunnpoBanuch
MetomoM 3D-VAR B cpok, Onmm3kuii k ucxogHoMy cpoky mporuosa (00; 06; 12; 18 « UTC), Bo BpeMEHHOM
okue t1 9. [lyis ygera ommbok mporuosa momenr WRF Oplna moctpoeHa koBaprammoHHas MaTpuiia (POHOBBIX
omuOOoK mporHo3a Mozenu 3a 10 guel 11 kaxaoro cirydas Ha ocHoBe MeTona NMC (National Meteorological
Center) [6; 7].

JL11st KOHTPOJISL TapaJUIEIbHO BBIITOIHIIOCH MOJICIMPOBAHNE BEIOPAHHBIX CIIy4aeB ¢ aCCUMMIISILIMEH paIuo-
JIOKaIIMOHHBIX JAaHHBIX U 0e3 Hee. [ns obmactu MoxenupoBaHus ¢ HAUOOJBIIUM LIaroM CeTKH (9 KM) yder
KOHBEKTHBHBIX IPOIIECCOB MPOBOMIICS Uepe3 cxeMy napaMerpusanuu Kanna — @putiia, 11 6osiee KpymHbIX
obmacreit (3 u 1 kM) — Hampsamyro [6; 9].

Ouenka ucnosb30Banus Npor1o3os moaean WRF ¢ accumuiisinme paanosioKalMOHHBIX
JAHHBIX JJISl IPOTHO3a 0CA/IKOB M BeTpa

Jia ompeneneHus BIMSHUS aCCHMHUIMPOBAHHBIX PaJMOIOKAIIMOHHBIX JTAHHBIX HA PE3ybTaThl MPOTHO3a
B MIPOMOJICIIMPOBAHHBIX CITydYasiX MPOBOAMINCH CTATUCTHYECKAs U 00bEKTHO OPUEHTUPOBAaHHASI OLEHKH MPO-
HO30B C aCCUMMJISIIMEH U Oe3 Hee.

Ha srarme crarrctideckoit orieHKH paccunthiBasich cpenure (ME) u abcomorabie (MAE) ommbkw, cpente-
kBajipatndeckas omuodka (RMSE) u koaddument koppensinuu [Tupcona R Ha kaxzaple 3 9 JUisi TeMIIEpaTyphl,
JIABJICHUSI, CKOPOCTH BeTpa M Ha 12 9 Jyis 0CAJKOB B COOTBETCTBHU C pekoMeHaarusimu (tadm. 2) [10]. B ka-
YeCTBE KOHTPOJIBHBIX MCHOIb30BAINCH HAOMIOACHUS 49 Ha3eMHBIX METCOPOJIOTHUecKuX cTaHuuil benapycu
1 KapThl OIIACHBIX SBJICHUI MTOTO/IbI 10 JAHHBIM METEOPOJIOTHUECKUX PAJUOIOKALIMOHHBIX CUCTEM.

CrarucTiueckasi OIleHKa pe3ylbTaToB BCEX CIy4aeB MOJEIUPOBAHUS TOBOPHUT 00 OIMpPEeTCHHOM MOI0XKHU-
TETLHOM BIMSIHUH aCCUMIJISILIAH PaJHOIOKAMOHHBIX HAOMOCHUH B HaYaJIbHbIE Yachl IPOTHO3a Ha YCIIEITHOCTh
BOCIIPOM3BE/ICHUS] CKOPOCTH PU3EMHOTO BeTpa (BbicoTa 10 M) U pacnpeneneHus nost 0caakoB (cM. Tadim. 2).

Tabnuma 2
OueHka NPOr{o3a CKOPOCTH MPU3eMHOro BeTpa (m/c) Ha BbicoTe 10 M o Bcem ciayqasim (+3, +6 u)
Table 2
Verification of the wind speed forecasts (m/s) at 10 m for all cases (+3, +6 h)
ME MAE RMSE R
3abmaroBpe-
MEHHOCTb, 4 | 0e3 accumu- | ¢ accuMu- | 0Oe3 accumu- | caccumu- | 0e3 acCUMM- | CaccUMH- | 0€3 acCUMH- | C acCHMH-
JISILANA e JISILIANA JISIuen TSN e JISILIAA e
+3 0,98 0,84 1,73 1,44 2,25 2,14 0,84 0,86
+6 1,74 1,41 1,97 1,89 4,18 3,26 0,67 0,71

OmmbKa CKOPOCTH BEeTpa B JISTHUH MEPUOJ] OKa3allaCh MEHBIIIEH, YeM B TIEPEXO/IHbIE U 3UMHHIA TTEPHO/IBI.
B kauecTBe mpuMepa JIETHEr0 U 3MMHETO TIEPHUOIOB MPECTABICH X0/ CKOPOCTH MPU3EMHOT0 BeTpa (BBICOTa
10 m) Ha crannuu Bepxuensuncka (24.08.2017) u crarmmuu Mo3sipst (26.01.2019). Ha Bcem uHTEpBaie mpo-
rHO3a 710 24 9 B JIETHHH MEPHOJ OIMNOKA MPOTHO3a CKOPOCTH BETPa C aCCUMILIALNEH PaTuOIOKAIIMOHHBIX
JTAHHBIX ObLIa 3HAYUTEIHLHO HIDKE, YeM B BapuaHTe 0e3 accuMmsuu (puc. 2). J{1s 3uMHero ciaydas B IepBbIX
Yacax ommoKa 0e3 aCCHMUIISIINY OKa3alach MEHbIIIE, HO K HOYHBIM CPOKaM 00€ OITMOKY CPaBHSIUCH (puc. 3).

PesynbraThl mporHo3a KOJIMYeCTBa OCAAKOB OIEHUBAIUCH JBYMS CIIOCOOAMH: C MIOMOIIBIO pacyeTa MoKa-
3areneit 1Mo TabiuIe CONPsHKEHHOCTH U 00heKTHO opueHTHpoBaHHEIM MeTonioM MODE (Method for Object-
Based Diagnostic Evaluation) [11].

B pesynbrare craTHCTHYECKON OIIEHKH MPOTHO30B METEOPOJIOTHUECKHX IOJIeH 00Ias ompaBiapBaeMOCTh
nporHo3a ocankoB (PC) ysennuunace Ha 1 % i nepBbix 12 4 nporHosa asst aeTHuX nepuonos. Ilokaszarens
nporao3a Hajwuus seiaerns (POD) ¢ accummnsmueit nanasix JIMPJI 6put Boitie va 1 %. Ymyummncs mo-
KazaTenb nporHosa orcytcTBus sBieHust (PODN) Ha 3 %, u coxpaTtuics nmokasarenb JoxXHbIX TpeBor (FAR)
Ha 1,5 %. 3nauenue kpurepus Ilupca — O6yxosa (HK) roBopur o mocTarouHo BBICOKOI CIIOCOOHOCTH MO-
JIeNT K BBISBJICHHUIO CIIy4aeB C HAJTMYUEM U OTCYTCTBHEM OCAJKOB: JUIs BapwaHTa Oe3 accummuisimu — 0,57,
¢ accummsiiueit — 0,61 (tabn. 3). HaubomnpIiee moioKuTeNNbHOE BIUSHAE aCCUMUIIIAIINN PAJIAPHBIX TaHHBIX
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Ha TIPOTHO3 0CAJIKOB TaKKe HAOII0aI0Ch B IETHUH TIEPHOJI, YTO MOXKET OBITh CBSI3aHO C aKTHBHBIMHU TEPMOJIU-
HaMHYECKUMH Tporieccamu B Tporiocdepe [12]. 171t mporuo30B B 3MMHHIA U TIEPEXOIHBIN MEPHOIBI POLIEHT

JIOXKHBIX TPEBOI' OKA3aJICA BBIILIC.

Q

] —— OBS

é 8 ——— WRF D01
£ —— WRFDA D01
)

wQ

5

3 4

=]

5 2 1 1 1 1 1 1 1 1 1 :

0 3 6 9 12 15 18 21 24
3a051aroBpeMEeHHOCTb, 4

Puc. 2. TIporHo3 cKopoCTH MpU3eMHOTo BeTpa Ha BbicoTe 10 M, M/c: OBS — HabmroIeHus Ha CTaHIUK
Bepxuensuncka; WRF D01 — 6e3 accummsiiinn; WRFDA DO1 — ¢ accummnsinmeit. 24.08.2017 r.

Fig. 2. Wind speed forecast on the height 10 m, m/s: OBS — Verhnedvinsk station observations;
WRF D01 — without assimilation; WRFDA D01 — with assimilation. 24.08.2017

— OBS
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oW
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T
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3a01aroBpeMeHHOCTD, 1
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o

Puc. 3. TIporao3 ckopocTH MpU3eMHOT0 BeTpa Ha BbicoTe 10 M, M/c: OBS — HabmroneHus

Ha crannun Moseips; WRF DO1 — 6e3 accummnsiinn; WRFDA D01 — ¢ accummsimeit. 26.01.2019 1.

Fig. 3. Wind speed forecast on the height 10 m, m/s: OBS — Mozyr station observations;
WRF D01 — without assimilation; WRFDA D01 — with assimilation. 26.01.2019

Tabnuma 3

CraTucTHYeCKasi OLeHKA MPOrHo3a
SIBJICHHUSI O0CAJIKOB /sl jieTa (+3, +6 u)

Table 3

Statistic verification of precipitation
phenomena for summer (+3, +6 h)

TTokazarenu ommbku, % | be3 accumummsiimu | C acCUMMIISAIIUCH
PC 78 79
POD 85 86
PODN 74 77
FAR 29 27
HK 0,57 0,61

[TpumMepoM MporHo3a O0CAIKOB € acCCHMWIISALIMEH 1 0e3 Hee JaHHBIX PaJNOJIOKATOPOB B JIETHHM IEPHOI
MoxkeT crarh ciaydaid 02.08.2017 1., xorga HaOIIOMAIOCH MPOXOKICHNE aKTUBHBIX (DPOHTATHHBIX Pa3iciioB
[UKJIOHA Yepe3 TeppuTopuio benapycu, compoBoXkIaBIeecs po3aMu Pa3TMYHON HHTCHCUBHOCTH U IIKBAJH-
CTBIM ycmiieHHeM BeTpa (puc. 4). Bapuant ¢ accummisnmeit (AS) Oosiee TOYHO CIIPOTHO3UPOBAIT BBITIA/ICHUE
OCaJIKOB TI0 CEBEPHOU YacTu crpaHbl. Bapuant 0e3 accumuisimu (NA) CiporHO3HpOBAl IICHTPHI BhITIAJ/IC-
HUSI OCaJKOB Ha 3HAYUTEIHLHOM yraneHnu — 6onee 150 kM oT HaOmomaeMpIX. ITO AaeT OCHOBaHUE TOBOPUTH
0 MEHEe TOYHOM ITPOTHO3€ MECTOTIONIOKEHUS JIJTsl MOJISTTMpOBaHusl Oe3 accuMmmisiniiu. Ha puc. 5 npencrasnen
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rpaduK pacrpe/eleHus MPOrHo3a KOIMYecTBa BhIMaBIMX ocaakoB 3a 12 41 (¢ accummsinueit (PRECIP AS) —
15 MM 3a 12 4, 6e3 accummmsanmu (PRECIP NA) — 0 mMm 3a 12 ).

BapuanT 6e3 accuMWISIINK PaAMOIOKAMOHHBIX JaHHBIX CIIPOIHO3MPOBAJ 00JACTH BBIIAACHUS OCAAKOB
Ha 3HAYUTEIbHOM yaajeHuu (6onee 150 kM) OT HaOIIOAAEMBIX HA CTAaHIIMK BepxHeaBHHCKA.

ala o/b

NN L LN

KomnuecTBo ocaikoB (B MIILIMMETpax 3a 12 1 KonmnuecTBo ocaakoB (B MIILIMMETpax 3a 12

o e —— 4

0 3 7 10 13 17 20 23 26 30 33 36 40 43 46 50 53 0 3 7 10 13 17 20 23 26 30 33 36 40 43 46 50 53

Puc. 4. Kapra pacnpeneneHus ocagkoB (B MIJUTIMETpax 3a 12 1): @ — ¢ acCUMIIsnnel TaHHbIX (AS);
6 — 6e3 accummsaun (NA). 02.08.2017 .
Fig. 4. Map of precipitation distribution (in millimeters per 12 h): @ — with data assimilation (AS);
b — without assimilation (NA). 02.08.2017
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Puc. 5. Pacnpenenenue konnuectBa ocankoB (PRECIP) ¢ accummsnueit (AS)
u Habmoaenust Ha ctaniuu (OBS) Bepxuensuncka. 02.08.2017 r.

Fig. 5. Precipitation distribution (PRECIP) with assimilation (AS) and observa-
tions at the station (OBS) Verkhnedvinsk. 02.08.2017

HawnbGonpmmii mHTEpEC MpencTaBisatoT pe3ynsraTtsl iMeHHO MODE-orienku, npuMeHsieMon i1 aHaIn3a
MIPOTHO30B BHICOKOJIOKATM30BAHHBIX SBJICHUH (CHIIBHBIE OCAJIKH, CHIIBHBIN BeTep, 00JIeICHeHNs, TypOyIeHT-
HOCTh U Jip.) [11]. UmenHO MeTom MODE 1o3BosIsieT BBITIOIHNATE HE TOJIBKO KOIWYECTBEHHYIO OIIEHKY (OTpaB-
naincst — 100 %, we onpaBnancs — 0 %), HO ¥ Ka4eCTBEHHYIO (HACKOJIBKO OJIM3KO OBLIO TPOCTPAHCTBEHHOE
pacnpesesieHre ot 0CaKoB K peanbHoMY) [13]. OCHOBHBIM HCTOYHUKOM HAOIIOIEHUI TPOBEPKH JIJIS BbI-
JIJICHHBIX 00BEKTOB SIBIISIOTCS PAaINOIOKAIIIOHHBIE TaHHBIE.

B 70 % cmy4aeB momenupoBaHHUS Ha TeppUTOpUHU benmapycu oTMedanch CHUIBHBIE OCAJKH. ACCUMUIIA-
1Sl JAHHBIX TTO3BOJIIJIA CIIPOTHO3UPOBATH JOKAJIM3AIMIO 00JIACTeH BBITIAICHUS 0CAIKOB 3HAYUTEIIHHO OJIIKe
K peaslbHO M CHU3UTH KOJIIMYECTBO JIOKHBIX TPEBOT, a TAaKXKe CKOPPEKTHPOBATh MPOCTPAHCTBEHHOE pacipe-
JIeJIEHUE W OPUEHTAIINIO OOIaYHbIX CHUCTEM, MMPOAYLIUPYIOMHX ocanky. [Ipu sTrom 00a BapuaHTa (C aCCUMUIIA-
et u 6e3 Hee) B 57 % MpOMOAETUPOBAHHBIX CIIy9aeB JajH MPEBHIIICHNE KOJTUIECTBA BBHIMIABIINX OCAJIKOB
HaJ HaOmomaeMbeIMH. [10T0KUTETBHBIA 2P PEKT MMEII MECTO TOJIBKO Ha IepBbie 6—12 4 MpoTrHO3a C aCCUMU-
JISUEH, 3T0 0OBSICHAETCS HEOOXOUMOCTBIO YUeTa HOBBIX JIAHHBIX IS YTOYHEHHS C(OPMHUPOBABIIEHCS I10-
TOHOM CHUTyanuy B OoJee MO3AHUEe Yachl, 0COOEHHO B JIeTHUH nieprofl. CTOUT OTMETUTH, YTO OOIBITUHCTBO
WCIOJIB3yEMBIX B MUPOBOH MPAKTHKE CHCTEM aCCHUMMIISIINH Pa0OTAIOT B MUKINIECKOM PEKUME, C TIPUTOKOM
HOBBIX METEOPOJIOTHYECKUX JaHHBIX MEKIY OCHOBHBIMHU CpoKaMu rporHo3a mozeneii (00; 06; 12; 18 w UTC).
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B ciydae cunpHbIX ocankoB (24.08.2017) accumumsnys JaHHBIX 1TO3BOJIHIIA 00Jee TOYHO CIIPOTHO3UPOBATh
BTOPOH MK MX BbIMageHus. [[porHO3 CKOPOCTH BETpa M €ro MOPBIBOB ABJISAETCS OJHUM M3 HauOoJee CIOKHBIX
TI0 TIPOTHO3UPOBAHUIO MTAPAMETPOB. AHAIIN3 pacIIpeieNIeHHs OIMOOK IMPOTHO3a CKOPOCTH BeTpa Ha BbicoTe 10 M
TOKa3aj a0CONIOTHOE YITydIlIeHHe B BAPHAHTE C aCCHMUIIAIIMEH: HAUMEHBIIIasi CPe/IHss OIMIMOKa TPOTHO3a C ac-
CUMMJISIIIAEH cocTaBmiia Ha +15 4 mporrosa 1,5 m/c, Hanbonbmas qocturana Ha +18 4 nmporaosa 3,6 m/c.

OrneHka mokaszareneld OTHOIIICHUS TUIOIIAJe HaOIF0aeMbIX 30H OCAJIKOB K CMOJCIUPOBAHHBIM IS Ba-
puaHTa C aCCUMUIISIINEH PaoIOKAIMOHHBIX JaHHBIX — 2,5, 6e3 ycBoeHus — 0,4, 4T0 TOBOPUT O 00Jiee TOYHOM
MIPOTHO3E TUTOMIA/IH BBIMAJICHHS CHIIBHBIX 0CAJIKOB M YMEHBIICHHH TIOKa3aTels JIOKHBIX TPEBOT B CIy4ae ¢ ac-
cummsInuei 1 netaero nepuona (24.08.2017) (puc. 6). [IporHo3 MecTonoiaokeHus oka3aics 00Jiee TOYHBIM
B BapUAHTE C aCCUMWIISIIIEH TaHHBIX: 4 00bekTa n3 10 HaXOAMITUCh Ha PacCTOSHUU MeHee S0 KM OT peasbHBIX.
Jis cpaBHEHUs: 0e3 accHMWISIIAY B paguyce S0 kM 00Hapyx eH ToiabKko 1 00bekT (Tadm. 4).

ala o/b

KomiuecTBo 0cakoB (B MIILTMMETpax 3a 12 1

KosmuecTBo 0cajkoB (B MUIIMMETpax 3a 12 u
< > < >

10 14 19 23 28 32 37 41 46 50 54 59 63 68 72 77 81 10 14 19 23 28 32 37 41 46 50 54 59 63 68 72 77 81

Puc. 6. Kaptsl 30H ocanxos gt MODE-onenku: a — 6e3 acCuMIIISAINNT;
0 — ¢ accummsiiueit. 24.08.2017 .

Fig. 6. Maps of precipitation areas for MODE verification: @ — without assimilation;
b — with assimilation. 24.08.2017

Tabnuma 4

PesyabTratel MODE-oneHkH IpOrLo3a MecTono10:;KeHusi H KOJIH4eCTBA 0CA/IKOB
A5 Teppuropun benapycu (o61acts D02, +3 4, 24.08.2017)

Table 4

The results of MODE verification of precipitation forecast
for the territory of the Republic of Belarus (region D02), +3 h, 24.08.2017)

Kpurepun MODE-onenku OBS WRF WRFDA
KonunyectBo 00beKTOB 8 9 10
OTHOIIIEHHUE IIJIOIIA/ICH HAOII0AaeMBbIX B 0.4 2.5
30H OCaJIKOB K CMOJICITHPOBAHHBIM
HNHTEHCHUBHOCTD, MM/4 6 0,2 11
VnanenHocth MeHee yeM Ha 100 km - 2 4
VY naneHHoCTh MeHee YeM Ha 50 kM - 1 4

KomrinekcHblid aHanu3 cilydyaeB MOJISJIMPOBAaHUS MTOTOAHBIX YCIOBUM Ha TeppuTopuu benapycu B pa3iuy-
HbIE CE30HBI I'0/1a TOBOPUT O BO3MOXHOCTH MCIIOJIb30BaHUs PE3YJIBTaTOB UCCIIEIOBAHUS JUIS IPOTHO3a OIlac-
HBIX SIBIIGHUH, CBA3aHHBIX C KOHBEKIIUEH (0CaJKH, BETEP) B JIETHHUH MEPHOI.

Pesynbrars! paboThl cCHCTEMBI ME30MACIITAOHOTO TPOTHO3UPOBAHUS C ACCUMUIISIIUEH PaInOIOKAIIMOHHBIX
JMaHHBIX Ha 0a3ze momenu WRF mMoryT OBITh MCTIONBE30BaHEI B KOMITOHEHTE «ITPOTHOCTHYCCKUN pamapy (Hay-
kacTuHr) cucteMsl «[ IC-meteo». CoBpeMeHHbIE CHCTEMBI HayKaCTHHTa MCTIONIB3YIOT IPOTHO3BI YUCIEHHBIX
MOJIEJIEN ¢ aCCHMMJISILUEN PaJUOJIOKAI[MOHHBIX U CIIyTHUKOBBIX JAHHBIX, YTO ITO3BOJISIET IIPEOAONIETh «Pa30-
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TpeB» TUAPOTMHAMHIYECKOW MOJIeNH (CIIMHAIT) Ha MEePBBIX Yacax MPOTHO3HPOBAHUSA, CBA3AHHBIN C HECOTIIACco-
BAaHHOCTBIO METCOPOJIOTMUECKUX HayalbHbIX M10JIEH, 1 YMEHBIIUTH OMIMOKY IIPOTHO32 JIOKAIU3ALUH O0JaIHbIX
CTPYKTYP U 30H ocaakoB [14].

[Ipu nmporuoze MoyoKeHus! 30H 0CAJKOB U ONACHBIX SIBJICHUM MOros! (JINBHHU, TPO3bI, IPaj) B KOMIIOHEHTE
«IIPOTHOCTHUYECKHUH pajiap» MPUMEHSICTCS TPACKTOPHAS MOJICTIb, IIOCTPOCHHASI Ha M300apUYeCKON MOBEPXHO-
CTH, COOTBETCTBYIOIIEH YPOBHIO MAaKCUMAIBHON OTpaskaTebHOM crtocoonocTr JIMPII. Jls mporHo3a nmepeme-
LICHUSI TPO30BBIX SUEEK UCTIONB3YETCs MapaMeTp KOHBEPIreHIMH MTOTOKa Biar B mpuseMHoM ciioe (MFC) [15].
VYnenbHOE BIarocoiepkaHue pacCUuTHIBACTCS 110 JaHHBIM 00 OTHOCHTEIBHON BIQKHOCTH Ha YPOBHE CTaHIIHH,
y4eT BeTpa MPOU3BOIUTCS B MOJIENTH ITOTPAHUIHOTO CIIOSI.

3aKjoueHune

[IpencraBieHsl BApHaHTHI UCTIONB30BAHUS PE3YIIBTATOB TPOTHO30B YHCIEHHOW ME30MacITaOHONH MOJEeNn
WRF-ARW c¢ accumumnsinueit paaroiaoKalMOHHOTO BETPa U OTPAKAEMOCTH ISl IPOrHO3a OMACHBIX SIBICHUN
noronsl Ha TeppuTopuu benapycu. Apropamu OblT IPOBEACH s YHCICHHBIX dKcriepumMenToB (2017-2020)
U ClIeJIaHbl CTaTUCTUYECKas U 00beKTHO opueHTHpoBaHHas oueHku (MODE) BiusitHUS acCUMUIMPOBAHHBIX
JAHHBIX Ha PE3yJabTaThl IPOTHO3A.

OreHka pe3yabTaToOB MOJIEIIMPOBAHUS CIIydaeB OIMACHBIX U HEOIaronpuATHBIX SBICHUN TOTO/IBI Ha TePPH-
Topuu benapycu ¢ moMoIIbI0 ABYX Pa3IMYHBIX MOAXOA0B MOKa3a1a MOJ0KUTEIbHOE BIUSHUE HA TIPOTHO3 MIPU-
3eMHOTO BeTpa U ocankoB. [Iporuos BeTpa (+6 9) ymydmmmics 3a c4eT yMEHBIICHHS CPEIHEKBAAPATHICCKON
ommOku Ha 0,92 m/c. CTaTUCTHYECKas OIICHKA IIPOTHO3a 0CAIKOB TTOKa3ajia yIydIlIeHre 00IIeH onmpaBabIBac-
MOCTH NPOTHO30B Ha 1 % [71s1 BapuaHTa ¢ aCCUMUIISILIMEN pailoNOKallMOHHBIX TAHHBIX B JIETHUH niepuon [16].
Kpome Toro, 00beKTHO OpPUECHTHUPOBAHHBIN aHAIHU3 MPOJAEMOHCTPUPOBAI COKPAIIICHUE IUIONAIeH 30H BhIMa-
JICHHsI CWJIBHBIX OCAJIKOB M 00JIee KOPPEKTHOE PACIOIOKEHUE JaHHBIX 30H MO0 CPABHEHUIO ¢ BapUAHTOM 0e3
accummsiniau. [Ipu 5ToM 06a BapuaHTa 1moka3any 3aBbIIIeHNAE TPOTHO3UPYEMBIX TIIOMIA el 30H 0CaIKOB (JI0XK-
HBIE TPEBOTH) OTHOCUTENHHO HaOmronaeMpIx ¢ momoitnsto JIMPJI. Paspaborannas crcrema mporuia npenBapu-
TEIbHOE TECTUPOBaHUE B benaruapomere u peKOMEHAYETCS K UCIIOIBb30BAHUIO 1711 YTOUYHEHUS IIPOTHO30B BETpa
1 OCaJIKOB B JIETHUH Nepuoj Ha Tepputopuu benapycu. TectupoBaHnue B cucTemMe HayKacTUHra benruapomera
MoKa3alo, 4YTo Mojay4deHHbIe MPorHo3sl Moaen WRF ¢ accumussiiineit TaHHBIX MOTYT YCIEIIHO TPUMEHSIThCA
B Ka4eCTBE UCXO/HBIX B KOMIIOHEHTE «IIPOTHOCTHYECKHUN pajap» komruiekca «[ MC-meTeoy.
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