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IIpeacraBieHa olLleHKa KadecTBa Me3oMacIITaGHOII Mojenn Bbicokoro paspemeHns TSUNMS3, cospaHHOM
B ToMCKOM rocyzapcTBeHHOM yHUBepcHTeTe U IpeJHA3HAUeHHOH g IPOTHO3a 3JeMEeHTOB IIOTOJbI Y TOBEPXHOCTH
3eMJII U B TIOTPAHIYHOM cJoe arMocdepbl. MozeTb HCIIoIb3yeTcsl B HAyYHBIX UCCAeOBAHUAX [T IPOTHO3a COCTOS-
HUS aTMoc(epbl Ha OrpaHIYeHHOII TeppHTOpUM B paiioHe r. ToMcka 0 BBICOTBI 2,5 KM ¢ 3a61arOBPEMEHHOCTHIO
1o 40 4. OHa uMeer GoJiee BBICOKOE IIPOCTPAHCTBEHHOe paspelrenue (1 KM), 4eM OHepaTHBHO (DYHKI[MOHUPYIOMAT
Ha teppuropun Cubupckoro peruona rextomnoruss COSMO-RU14-Sib (mar cerku 13,2 kM). YcnemHocTb IIporaosa
TEMIIePaTyPHO-BJIASKHOCTHBIX M JMHAMHYECKUX XapaKTePHCTHK COCTOSHUS aTMocdepbl Mogenbio TSUNMS3 comoc-
TaBUMa C YCIIENIHOCTBIO CYIIECTBYIOIUX OIePATUBHBIX Me30MACIITAGHBIX MojeJeil.

Knrouesvie cnosa: nporroctudeckasi Mojieib Bbicokoro paspemnterHnss TSUNMS3, morojiHbie ycJI0BHUS, OIfeHKa
KauecTBa IMPOTHO3a, XapaKTepUCTUKKM KadyecTBa HporHosa; high resolution numerical weather prediction model
TSUNM3, weather conditions, forecast verification, forecast quality characteristics.

BBeaeunune

B HacTos1ee BpeMs /111 KDATKOCPOUYHOTO 1 CBEPX-
KPaTKOCPOYHOTO IIPOTHO3a IIOTOZbl CO3JAI0TCS U yCO-
BEpUIEHCTBYIOTCS YUCJEHHble MOJIeIl BBICOKOIO IIPO-
CTPaHCTBEHHOTO paspemnieHust (¢ TOPU3OHTAIBHBIM pa3-
pellieHneM OT HeCKOJIBKIX COT€H METPOB /10 HECKOJIBKUX
KUJIOMETPOB), MO3BOJIAIONINE [IPEJCKA3bIBATD ME30Mac-
mtaGHble SIBIEHUS I PAa3HBIX PailOHOB.

Bo MHOTHX cTpaHaX Hau6oJjee HIMPOKOE PACIIPO-
cTpaHeHne mosyuynia Mesomoneab WRF (Weather Re-
search and Forecasting, CIIIA), KoTopas aKTUBHO HpU-
MeHsleTcsl JJIs1 pellleHHsl MHOTMX IIPaKTUYecKUX 3a/ad.
B yactHOCTH, B pa6ote [1] mpeacTaBieHbl pe3yabTaThl
MCTIOTb30BAHNSA MOJeJHN I IPOTHO3a BeTpa Hal Tep-
puropueil Kuras ¢ paspemenueMm 9 kM. Ilpu mMonmesu-
POBAHUN KOHBEKTUBHBIX ITPOIECCOB MO/IENTb Peasn3yeT-
csa ¢ paspertenneM ot 3 g0 10 km [2—5]. [l paiiona
Biaausoctoka (Bkjouas o-B Pyccknii) paspaGoTaH Ba-
puant Mosiein WRF—ARW ¢ ropusoHTaabHBIM paspe-
mreHneM 10 S00 M I cucTeMBl KPaTKOCPOYHOTO YHC-
JIEHHOTO TIPOTHO3a ¢ 3a61aroBpeMeHHOCThIo 10 3 cyT [6].
Meteoposnormuecknm arentctBoM CMA (Kutait) paspa-
6otana Mostetb GRAPES_meso ¢ paspemntenneM 3—15 kM
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JIUISL TIPOTHO32 OCHOBHBIX METEOPOJIOTHYECKUX BEJTUYHH
u omnacHbIX gBienuii [7]. [nga tepputopun PD onHoii
U3 OCHOBHBIX DPETHMOHANBHBIX MOjejell, HNCIOIb3yTo-
muxcs B HacTogdilee BpeMsi B [uapomernientpe Poccun
JUIS TIPOTHO32a JJIEMEHTOB TIOTO/BI, SBJSETCS MOJIeNb
COSMO-Ru, cosganHasg B paMKaxX MexX/IyHapOJHOIO
cotpynHndectBa ctpan EBpombl u Poccun [8, 9]. [lna
EBporneiickoii Tepputopun P® peann3oBaHbl Bepcuu
mozmemn COSMO c¢ marom cetkn ot 1,1 mo 13,2 kM,
a s Cubupckoro pernoHa (pyHKIMOHUPYET TEXHOJIO-
rus COSMO-Ru14-Sib, uucieHHble TPOTHO3BI 110 KO-
TOPOIl MPOBOJATCS TMapajJieJbHO MPOTHO3aM MO Moje-
qu ICON B Hewmerkoit Meteocmy:x6e [10].

Omy6JITKOBaHHbBIE Pe3YJIbTATBI UCTIBITAHUT MoIesieit
U UCTIOJIb30BaHle UX B ONEPATUBHON MPAKTUKe TTOKA3bI-
BAaIOT, YTO pa3BUTHe U BepU(pUKAIUST ME30MACIITAOHBIX
(pernoHasbHBIX) MOJIENIEH MO-TIPeKHEMY aKTyaJbHbI KakK
B KPYIHBIX IIPOTHOCTUYECKUX IEHTPaX, TaK M Ha pe-
ruoHaabHOM ypoBHe. (Hampumep, sl OTIAEJIbHBIX pe-
ruoHoB Cubupm, rae aeiictByfomas mMoneab COSMO-
Ru14-Sib umeer pasmep obmactu cyera 3500 Ha 5000 kM
¢ pasperenneM 6oJiee 13 KM, 4TO IBHO He JOCTaTOYHO
JIIST BBIABJIEHHS aTMOC(ePHBIX POIECCOB Pa3MePHOCTHIO
y-Me3oMacmraba (2—20 km).)

Bepudukanusa nporuo3os morojsl (olleHKa Kave-
CTBa) SBJSAETCS 06s3aTeJbHBIM 3TATlOM TPHU pa3paboTKe
u/MJIN yCOBEPIIEHCTBOBAHIY YNCJIEHHBIX Mojeseil. Ta-
Kas Hay4Had OlleHKa MpeycMaTpUBaeT pacyeT TOTO WJIH
WHOTO psifla TIoKa3aTeseil yCIeNTHOCTH ¢ IeJIbIo OTIpe-
JleJIeHUsT CUJIbHBIX U CIa0BbIX CTOPOH METOIOB U TEXHO-
JIOTUIl TIPOTHO3UPOBAHUS, a TaKyKe JJid OIpe/eseHIs
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KOHKDETHBIX IIyTell Pa3BUTHS ¥ COBEPIIEHCTBOBAHUS
MPOTPAMMHBIX KOMILJIEKCOB.

B cratbe mpe/acTaBieHa olleHKa KadecTBAa KPaTKO-
CPOYHBIX MPOTHO30B TI0 Me30MACIITAaOHON MOJIeJn BbI-
cokoro paspeniennss TSUNMS3, cospannoii B ToMckom
rOCyZIapCTBEHHOM YHUBepcuTeTe. PacdeTsl 10 Moesn
MIPOBOJIATCS HA PeCYPCHOIT 6a3e BBIYUCIUTENBHOTO IEH-
tpa TI'Y u mpenHasHavyeHbI sl TIPOTHO3a 3JEMEHTOB
TIOTOABI M aTMOC(EPHBIX SABIEHUII B MOTPAHUYHOM CJIoe
atmMocdepsr [11—13].

MarepuaJjibl 1 METO/Ibl UCCJI€/IOBAHUS

Mesomacmta6Has Moaeas TSUNMS3 nmporaosupy-
€T COCTaBJIJIONINE CKOPOCTH BeTpa W TeMIepaTypHO-
BJIAKHOCTHBIE XapaKTEPUCTUKH B TIOTPAHUIHOM CJIO€e
aTMocdepbl Ha 29 BepTHKaAIbHBIX YpoBHAX (10 2500 M)
g miaomaan 50 x 50 kM (mar ceTkn 1 KM ¢ LeHTpoM
B r. ToMcke). VHUIMAIM3AIMA MOJEIH TTPOBOJAUTCA Ha
OCHOBE pe3yJbTaTOB UYNCJIEHHOTO MPOTHO3a IO Olepa-
TUBHOI To6anpHoOll Mojenmu IIJIAB TumapometiienTpa
PD [14] (3a cpox 00 UTC ma yposusx 1000, 925
n 850 rlla).

OcHoBHbIe ocobenHocTn Mozean TSUNMS3:

— HETUAPOCTaTUYeCKOoe KBa3MCKUMaeMoe Tpu6JIi-
JKeHIe JJIs1 ypaBHeHWi ABIskeHus [15];

— KOOpAWHATHAS CUCTeMA ¢ TIepeMeHHBIM BePTHKATD-
HBIM pa3pellleHneM, cJaefdnasd 3a peabedoM TOBepX-
Hoctu [15, 16];

— BJIOKEHHBbIE pacueTHble 06JACTH C OJHOCTOPOH-
HHUM B3auMozeiicrsueM [17];

— GOKOBbBIE TPAHUYHBIE YCIOBHS «PAJAUAIUNOHHOTO>
tuna (711 KOMIIOHEHT TOPU3OHTAJIBHON CKOPOCTH, TeM-
nepaTypsl U Biaxkuocti) [17, 18], yuurbiBaioniue mpo-
CTPaHCTBEHHBIE W BpeMEHHbIEe TeH/IEHINN 3aBUCUMBIX ITe-
pPEMEHHBIX, TeHePIPYEMBIX MOJIETbI0 GOJIBITIETO MAacCIIITa-
6a (omepatuBHOiT ro6anbHoit Mogeaso IIJTAB Tuapo-
MetieHTpa PD [14]);

— TIPOTHOCTUYECKAS MOJIeJIb ISl TeMIIePaTyPhl 1oY-
BBI OITIPAETCS HAa ypaBHEHHUe TEIIONPOBOAHOCTH ¥ JIHar-
HOCTUYECKOE COOTHOIIEHUE JJISI BISKHOCTH IIOBEPXHO-
CTHOrO cJiod 1ouBsl [16, 17];

— ITOBEPXHOCTHBIE TIOTOKH TEILIA, PACCYNTHIBAaeMbIe
Ha ocHoBe Teopuu mnono6ust MounHa—OG6yxoBa [19];

— KOpPOTKOBOJIHOBAS 1 JITHHHOBOJTHOBAS PaINAIus,
yuuTtbiBaiommas a¢hdeKTsl cios obaaunoctu [20, 21];

— MUKpo(U3NKa TEIJIOTO 0K/, MpeaaosKeHHas
Keccnepowm [22];

— TypOyJIeHTHAs CTPYKTypa aTMoc(epHOro Imorpa-
HUYHOTO CJIOSI HA OCHOBE NMPOTHOCTUYECKOTO YPABHEHUS
JUUISL 9HEPTHU TYPOYJEHTHOCTH U ajdrebpamyecKiX COOT-
HolIeHuil A1 MacmTaba TypOyIeHTHOCTH U TypOyIeHT-
Holt nuddysun [23];

— TapaJlielbHAsd Bepcus Me30MacIiTaGHOI Moje-
Ju, pa3paboTaHHAd ¢ WCMOJH30BAHUEM CTaHIapTa Ta-
PAJLTIeIBHOTO TIPOTPAMMIPOBAHUS JIJISI CICTEM C paciipe-
JleIeHHON TTaMsThI0 — CTaHapTa Iepefadyu COoOIeHni
Message Passing Interface.

BblImoHEeHBI 9KCIIEPUMEHTBI 110 TIPOTHO3HPOBAHUIO
Ha 40-yacoBoil BpeMeHHOI WHTEepBaJ MeTeopOJIoTrnye-
cKuX xapakrepuctuk (TeMneparypa Bosmyxa T, TeMie-
parypa Touku pockl T'd, oTHOcHUTeJNbHAsI BJIAKHOCTD R

U CKOPOCTD BeTpa V'), HeO6XOANMbBIX B ITPOTHO3e TaKUX
ABJIEHUIT TOro/IbI, Kak c1abbiil Betep (5—7 mosa 2012 1.),
OTIACHBIX [IJIS1 aBUAIIMU METEeOPOJIOTHYECKON JATbHOCTH
BUAVMOCTH B TyMaHe, AbIMKe u poxzae (1—2 aBrycra
2013 r., 5—6 mong 2013 r., 12—13 mag 2014 r.) u 06-
JiefleHeHne BO3AyIIHbIX cy10B (10 pacueTHBIX MEePUOAOB
B okra6pe—aexkabpe 2014—2015 rr.). IlpeauxTopamu
JUUIST TIPOTHO3a SBJIIOTCS Pa3INYHble HAGOPHI METEOPO-
JIOTHIEeCKIX XapaKTepPUCTUK: TeMIlepaTypa BO3IyXa
U OTHOCHUTEJbHAS BIAKHOCTD — JIJISI BCeX SIBJIEHMUI, TeM-
mepaTypa TOYKUA POCHI U CKOPOCTHh BETPAa — TOJBKO /IS
VCJIOBHIl YXY[IIEHUSI METeOPOJIOTHYECKON JaThbHOCTH
BH/IIMOCTH U M3MEHEHUS] BETPOBOTO PEKIMA.

TakxuM o6pazoM, 1711 Bepu(IKAIIT MOJIeJN 110 Me-
TeoposiorniecknM xapakrtepuctukam 1, Td, R, V wuc-
MoJIb30BaHbI 767 ee peanmsanuii. 113 HUX HA pacueTh
yCJIOBHI ¢J1aGOTO BETpa 1 M3MeHeHne CKOPOCTH BeTpa Ha
OTpaHWYeHHOIl Tepputopun npuxoautcs 192, yxymiie-
HUI METEOpPOJIOTHYECKOH JaJbHOCTH BuUAUMOCTH — 175
u o6Jie[leHeHNsT BO3AYUIHBIX cynoB — 400 peanmsaruii.

Uucnennslil nporyHos no mogean TSUNMS3 ocyuie-
CTBJISLICS exkedacHo A1 nepuoja ¢ 09:00 mepBbIX CYyTOK
70 00:00 UTC TpeTbux CyTOK ¢ 3a61arOBpeMeHHOCTHIO
ot 1 4. TakuM 06pa3oM, TTOTOJHBIE CUTYAIIH BKIIOYAIN
YUCJIeHHBIN TPporHo3 Ha nepuoa A0 40 4 asa 2500 y3710B,
B TOM YHUCJe y3Jbl ¢ KOOpJAWHATAMH asporopta ToMck
(Borameso), TOR-cranuun MHCTUTYyTa ONTHKH aTMO-
cepsr (MOA CO PAH), ToMcKoOH THIPOMETEOPOJIO-
rudeckoit craniuu (TMC) u uenrtpa r. Tomcka. Iloy-
YeHHBIE B XO/le 3KCIIEPIMEHTOB Pe3yJIbTaThl MoJes N GbI-
s corntocTaByieHbl ¢ JaHHbIME TMC, TOR-cranmun [24]
W a’pPOJIPOMHOI MeTeOpOJIOTHUECKOl M3MepUTeNbHO
cucrembl (AMUC P®), ycraHOBJIEHHOH B aspomnopry
r. Tomcka (Borameso).

J17151 BBISIBIEHUS YCIETNTHOCTH MOJIEJIN MCTIOTb3YIOT-
cs1 ompe/ieJieHHbIE METOJUKM OIEHKH MPOTHO3a C pac-
4eTOM OOGIIENIPUHATHIX MoKa3ateneil [25—28]. B pa6ote
TOYHOCTb IIPOTHO3a 3HAYEHUIT METEOPOJIOTHYECKUX Be-
JIMYUH OIIEHNBAJIACh MO CJeIYIONINM XapaKTePHCTHKAM:

— cpeass  apudmerndeckas (cucreMarHeckas)
ommn6ka BIAS — cucreMaTmueckoe 3aBbIllieHne WA 3a-
HIDKeHNEe TPOTHOCTHYECKOIl BEJUYWHBI OTHOCHUTEIHHO
daxTImueckoii:

N
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— cpenHas abconoTHas ommOKa TmporHoda MAE
(mean absolute error), xapakrepusyiolas cpejHee 3Ha-
YeHWe TIOrpenrHocTH 6e3 yuera ee 3Haka (¢ TOUHOCTBHIO
o 0,1):
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— cpeHAd KBaApaThdyecKkas oMUOKa IIPOTHO3A
RMSE (root-mean square error) — cpejiHee OTKJOHE-
HU€e PACCYNTAHHOI 1O MOJeNN BeJUYMHBI OT (haKTIye-
cku HabJII0JaBIIeC:

RMSE = 3
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— K02 PUINEHT KOPPEJAINUN 7 MeXKIy ITPOTHO-
CTUYECKUMU 1 (baKTPI'—IeCKPIMH pAlaMu:
v
D (= E)0;-0)

i=1

, (4)

v =
N

i(ﬁ- ~E) [>(0;,-0,)
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rae N — 4ucjo nporaosos; F;, O; — mporHocTuyeckoe
n daxtuueckoe (M3MepeHHOe, HabI0aeMoe) 3HAYEHHSI
METeOPOJIOTHYECKOIT BEIMYMHBI COOTBeTCTBeHHO; Fy, O5 —
ee cpe/lHee 3HAUYEHUE.

JloTIoTHUTE TBHO PAaCCYUTHIBAUCDH TOKA3aTETH Ka-
yectBa (B %) OIpaBJaBLINXCS IIPOTHO30B II0 IpajallusaM
ommn6oK /Ui TeMmepaTypsl Bosayxa (<1, <2, <3, <4,
<5°C) u ckopoctu Berpa (<5, <10, <15 M/¢).

Pe3syJbTaTbl

B ra6smie npuBeJieHbl Pe3yJIbTaThl PACYETOB MOKa-
3aresieil KauecTBa MO/IEJMPOBAHUS METEOPOIOIMYECKUX
XapaKTEePUCTUK, BOCIIPOU3BOJUMBIX IIPH TIPOTHO3E Ta-
KHX CUTYyaIlWii, Kak IITHJEBbIEe YCIOBUSA, CIOCOOCTBYIO-
IIIX HAKOIUIEHUIO 3arpA3HAIONINX BeIleCTB, IIPOCTPaH-
CTBEHHOH HEOJHOPOJHOCTH TIOJISI BEeTPa, ONACHOMN s
ABUAIIMU MEeTEeOPOJIOTHYECKOH [aJIbHOCTH BUAUMOCTH
B TYMaHaX, AbIMKe, J0XK/e, (haKkTa HAIHIHsl/ OTCYTCTBHS
o6Jie[IeHeHHsT BO3AYUIHBIX CYZOB B IOTPAHUYHOM CJIOE
aTMocepsl.

Cucremaruyeckas mnorpemHoctb BIAS ykasbiBaer
Ha 3aBbIlIeHNe 3HAUYEHUIT TeMIlepaTyphbl BO3yXa M TeM-
neparypbl Toukn pocbl (10 2 °C) u ckopoctu Betpa (10
1,5 M/c). CpenHee oTkIOHeHHe OT (haKTHIECKOIl TeM-
mepaTypsl WM TeMIepaTypbl TOYKHW POCBHI MO OIleHKe
cpeaHell kBagparmdyeckoll omm6ku mporrosa (RMSE)
He npesblmaer BeanuuHy 3,7 °C. CpenHas KBaaparu-
Yyeckas OIIMOKA IIPOTHO3a He IIPEBBIIIAET BeJUYMHY
B 15% mis oTHOCUTEJIbHON BJIAXKHOCTH U 5,5 M/C IJIL
CKOPOCTH BeTpa. 3HAUeHUs] CPeJHUX aOCOJIOTHBIX II0-
rpenrHocreil (MAE) ¢ yBeanuenneM 3a61aroBpeMeHHO-
CTH TPOTHO3a TeMIepaTypbl BO3JyXa M TOYKU POCHI
Bo3pacraloT B npefenax 1°C u He mnpesbimaior 3°C
(puc. 1), Mg OTHOCUTEIBHON BIASKHOCTU — MPaKTHYe-
cku He usMensiorcsa (He mpespimasg 5—10%). B mesom,
3HAYEHNS BCeX PACCUNTAHHBIX MOTPENTHOCTEN B TIpefieiax
3aJlaHHON 3a6JIaTOBPEMEHHOCT! TIPW MPorHo3e 10 40 u
CYIIeCTBEHHO He pa3jmyaloTcsl. B pasmbpHeiineM, mpn
OIleHKe YHCJIa OTPABJABIINXCS TPOTHO30B, 3a6J1arOBpe-
MEHHOCTb JleTaJIbHO He paccMaTpuBasiach (Tabiuia).

Pe3ynbTaThl OIEHKH YHCJIa OMPABJABIINXCS IIPO-
THO30B TeMIIepaTypbl BO3[yXa W TeMIepaTypbl TOYKH
POCBI 110 3aJ[aHHBIM T'PAJAIISAM OMUGOK MTPeCTaBIEHbBI
Ha puc. 2.

Kak caenyer u3 puc. 2, B 52,5% ciydaeB BeJudu-
Ha AT we mpesbimaer 2 °C, B 66,5% — 3°C. [l1g TeM-
epaTypbl TOYKH POCHI KAYeCTBO MOETbHBIX TPOTHO30B
yBesmunBaeTcs 1o 67 n 81% COOTBETCTBEHHO.

[IporaocTiueckne 3HaUeHHUS CKOPOCTH BeTpa CHC-
TEMAaTHYECKH 3aBBIMIAIOTCS MOJENbIo, Tpu 3ToM B 98%

ITokasatesn KauyecTBa IIpOrHo3a ME€TeopoOJIOTHYECKUX BEJNYUH

XapaKTepucTuka
ITokasareb OTHOCHUTETbHAS Temneparypa CxopocTh
Temmeparypa, °C BJIaXKHOCTD, % Toukn pocsl, °C BeTpa, M/ ¢
BIAS 2,0 0 0,8 1,5
MAE 2,8 12 2,1 1,8
RMSE 3,7 15 3,1 5,9
r 0,95 0,53 0,70 0,59
N 767 767 400 192

11 puMedYaHUe. N — KOJIMYeCTBO YHCJIEHHBIX IIPOTrHO30B.
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Puc. 1. Cpennue a6comornble norpemnocty (MAE) orHocu-
tenbHOI BraxkHocTu (R), Temmeparypsl Bosayxa (T) u Touku
pocbl (Td) B 3aBHCUMOCTH OT 3a6/1aTOBPEMEHHOCTH
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Puc. 2. [ToBTOpsieMocTb OTKJIOHEHUI IPOTHOCTUYECKOH 1 hak-

THYECKOH TeMmeparypsl Bosayxa u Touku pockl (AT, ATd)
110 TpaJaluaM



CJIy4aeB OTKJIOHEHWE TIPOTHOCTUIECKOIT 0T (haKTHYecKoit
CKOPOCTH BeTpa He MpeBbIlaeT 5 M/ C.

Mogenp TSUNMS3 npumensiercss B 3KCIIepUMEH-
TaabHOM (TECTOBOM) pesknMe, W TIPOBOAUMAs OllEHKa
TIOTPENTHOCTel MOJieNin SIBJIgeTCS TeKyllell Ha JTaHHOM
sTame pa3paGoTKu Mojesau. Bo3MOXKHO cpaBHeHHE pe-
3YJIbTATOB C MOJOGHOII eii 0 MPOCTPAHCTBEHHOMY pa3-
pemennio (mar cerku 1,1 kM) Mozenpio Cosmo-Rul,
BHenpeHHO! Ha Osmmnuiickux urpax B Coun. Mojennb
Cosmo-Rul nMeeT cJieytolie MoKa3aTe Il YCIETHOCTH:
I TeMmmeparypbl Bosayxa BIAS cocrasuna -0,5+
+-1,9°C, RMSE — 2,1+-2,9°C; n1a teMieparypbl Tou-
KH POCBI — cooTBeTcTBeHHo —0,8++1,5 u 2,6—4,0 °C [29].
ITorpemnoctu mogemu TSUNM3 i temieparypbl
TOYKW POCBHI HAXOJATCSA B TIpe/lesiaX 3HAuUeHW Omm6oK
Mmozern Cosmo-Rul, fyig TeMmepaTypbl Bo3ayxa — He-
cKkoJbKo mpesbiaioT ux (go 1°C).

OTMeTHM, 4YTO B IUTepaType He YKa3bIBAIOTCS KOH-
KpeTHble YICJOBbIe TIOKA3aTeJl KadecTBa IMPOTHO30B,
KOTOpbIe MOYKHO CTPOTO OTHECTH K YCIEITHbIM WJIN He-
ycnenHeIM. Mo/leTh cUnTaeTcss TeM KadecTBeHHee, deM
MeHbllle yKa3aHHblE MOTPENTHOCTH U 6oJblie Koaddu-
nueHT Koppensauuu r. Vcxond us [26], nanpumep, npu
OIleHKe KavyecTBa IIPOTHO30B TeMIepPaTyphbl BO3AyXa Ka-
JKABINT eIMHUYHBIH TPOTHO3 TeMIepaTyphbl BO3AyXa II0
MYHKTY CYUTAETCS OMPABIABIINMCS, €CJIU Pa3HOCTh Me-
KTy TPOTHOCTHYECKUM U (DAKTUIeCKUM 3HAYEHWAMU He
npesbimaet 3 °C.

CpaBHeHIe C OIeHKOIl MmorpelrHocTeil rIo6aTbHBIX
U PEeTHOHANBHBIX MO/eJeil, B TOM YIcJie peTHOHAIbHOI
Regi [10], moka3aso uX COMOCTaBUMOCTb [T 3HAUYEHUI
TeMIIepaTypbl BO3AyXa M TeMIepaTypbl TOYKH POCHI, B
TOM 4YWCJie W JIJid TOBTOPSEMOCTH OTKJIOHEHWIT MPOTrHO-
cTyecKoil m (haKkTHUeCcKOl TeMIepaTypbl B IIpe/ieax
<1+<5°C. Takum ob6pasom, mMozaeap TSUNM3 moxxHO
TMPU3HATh [OCTATOYHO YCIEITHOW [JI TPOTHO3a TI0
orpaHNYeHHOI Tepputopun ToMcKoii 06acTu.

3akouenue

[IpencraByieHHble pe3yJibTaTbl OLIEHKH YCIIEITHOCTU
MO/IeJIBHOTO IIPOTHO3a TeMIepaTypbl, BJAKHOCTH BO3-
JlyXa 1 CKOPOCTH BeTpa IPH Pa3HbIX MOTOJHBIX YCJO-
BHUSIX YKAa3bIBaIOT HAa OJHODPOJHOE paclipejiesieHue II0-
I'PEUTHOCTH JIJIs1 PACCMATPHUBAEMbIX Y3JI0B CETKU MOJIEJIN.

B mpenenax paccMaTpmBaeMoro Iepuojia KpaTKo-
CPOYHOTO MO/IEJIBHOTO TIPOTHO3a MOTPENTHOCTH TTPAKTH-
YeCKH He 3aBUCAT OT ero 3abaarospeMentoctn (70 40 1).

[TonmyuenHble pe3yJbTaTbl OTPAXKAIOT 3aBUCHMOCTD
morpeurHocTeif OT HOTOAHBIX cuTyauuii. B cpegneM,
MoOJie/Tb TIOKa3bIBaeT 3aBblllleHHble 3HAUEHUs TeMIlepa-
TYpbI BO3/lyXa, TeMIepaTypbl TOUYKH POCbl U CKOPOCTH
BeTpa. Hansyurne pe3y/bTaTbl HOJyYeHbI IPU YCJIOBU-
SIX, CHOCOOCTBYIOIUX 06JieleHEHUIO BO3IYIIHBIX CY/0B
B OCeHHe-3UMHUIl Ilepuoj; Ipu TeMmieparype oT 0 1o
—10 °C. KavecTBo porHo3a B TaKUX CHTyallUsIX He ycC-
TYTaeT CyTIeCTBYIONINM PeTHOHATBHBIM W Me30MacIiTal-
HBIM MojessiM. Ham6oJbIline MOTPeIHOCTH MPOTHO3M-
POBaHUS TeMIepaTypbl BO3JyXa OTMeYeHbl B yCJIOBUSIX
cnaboro Betpa. IIpu MOTOAHBIX YCIOBUSX, XapaKTepH-
3YIOLIUXCS BbIIa/leHuEM 0CAJIKOB, IIOSIBJIEHHEM TyMaHa,
U3MeHeHNeM CKOPOCTH BeTpa Ha OrpaHWYeHHOU TeppH-

Topuu, kKadectBo Moziesin TSUNM3 comoctaBuMo ¢ Mo-
JIeJIIMU, WCTOJIb3yeMBIMI B HACTOSIIee BpeMs B ollepa-
TUBHOI MPaKTHKe MPOTHO30B TIOTO/IBI.

g nmanbHelero coBepIieHCTBOBAHUS MOJeIn
Heo6X0IUMbI MOANMUKANNS HEKOTOPHIX MapaMeTpu3a-
it pusnyecknx (HampuMmep, paJHalliOHHBIX) TPOIeC-
coB B atMocdepe U JesITeTbHOM CJIoe CYIIH, UCII0JIb30-
BaHMe JOTIOJTHUTEIbHBIX JaHHBIX O TpeAMeTHOU obJac-
TH ¥ I[pPOILleyD YCBOEHUS STUX J[AHHBIX, IIpUBJeyeHNe
MeXaHM3MOB OMUCAHWA XUMHUU OKpYsKafoteil cpepl.
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MBI TIOBBIIIIeHUsT KOHKYpeHTocnocobHocT TIY .
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paspemenus TSUNM3.

This paper presents the results of the forecast verification of the high-resolution mesoscale model
TSUNMS3 created at Tomsk State University. The model is intended for forecasting weather elements at the
surface and in the atmosphere boundary layer and is used in scientific researches to predict the state of the
atmosphere in the Tomsk region up to a height of 2.5 km with a lead time of up to 40 hours. It has a higher
spatial resolution (1 km), than the model COSMO-RU14-Sib technology operatively functioning in the
Siberian region (grid spacing is 13.2 km). The forecast quality of the temperature-humidity and dynamic
characteristics of the atmosphere state by the TSUNMS3 model is comparable to the quality of existing

operational mesoscale models.

Ol.leHKa YCHEemHOCTH YUCJIE€HHOIO IPOrHo3da 3JIEMEHTOB IOro/ibl 1o Me3oMacuTaGHO Mo/1eJin aTMOC(l)epb[... 5
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