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XypaaHrywm

Hanan, ToHrMcaac ancnaracad, engeprner rasapt oplimx MoHron opoH 605oH
3yyH CnbunpuninH TOMOOXOH HYypyya Hb B3CPar XaMX33CUIH 6ONOH OPOH HYTIUIH Yyp
ambcranbIr 6ypanayynard yyxan cucteMuiH Har 6angar. Xunman garyynbiH M3433r
BGONoBCPYYIMK Xapaxad 3yHbl ynupang Xyp TyHagacHbl XaMxa3 bavranb HyypbliH
MaHgan g33p 3praH TompHoocoo Gara opgor 6arHa. QHaxyy OyypanT Hb Hyypaac
YYOA3NTAaN araap MaHAfblH eepuyrienteec YyA3NTan acaxunr cygnaxbliH Tyng 2005-
2019 oHbl 15 XUnNuiH xyrauaaHg TOOH 3arBapynanblH CUMyNAuM rynuaTtraB. byc
HYTIMIH YYp ambCranblH X0EP CUMYNALUUWT HAr Hb HYYPbIr OMrOop OPNYYImK XUNC3H.
Cumynsuaac xapaxag Hyyp Hb 3yHbl yrivparng opox Xyp TyHagacHbl Xamxa3ar 13%-nap
Oyypyyngar Hb xapargas. Hyyp Hb e4puiH uaraap ragaprbiH OMpPOSLUOOX araapblH
TemnepaTypbIr  OyypyymX, HYYypblH A33ryyp araap MaHafblH unyy TOrTBOPTON
Hexuenuur 6un 6onrogor. CynapcaH KOHBEKLUUIH XaMT AynaaHbl gang ypcran 6aracy,
HYYpPbIH 033ryyp Ynir 6yypaar. HyypblH Heneereep TyHagacunx yCHbl Xamxaa baracu,
KOHAEHCaUN Hb J0OLW YUIN3C3H BOrMHO AOMMMOHbLI Lauparmnr nxacragar bereeq aHo
Hb HYYp 033pX KOHBEKLMIH Cynparnbir XaCardnaH Hexex YagasapTan. TecnuiH TaBbCcaH

30pUNTBIH XYP33HA cyaanraar ryiuaTranas.

TannaH ewmunerd: LuHxnax YxaaH, TexHonormiH Wx CypryynuinH HaanTtTanm
6onoscpon Tes



Tynxyyp yrc: TOOH 3areapunar, cumynsum, 63cpar npouecc, araap MaHgan HyypblH

XapunuaH ynnynan, Hyyp.
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| Bynar CaaBuinH cyanaracad 6anaan

1.1 MoHron 6onoH 3yyH CUOMPMUH TOMOOXOH HYYp, yCaH CaHrnuH
araap MaHAnNbiH 063CPar X3MX33CMWUH MNPOLECCT Y3YyNnaX Henee, TOOH
3arBapunanbiH apraap cyaancaH 6anpan

Bycaz TepnuinH raspblH ragapratan xapbLuyynaxag gonxXunH ragaprbid 4 %-nir
933N43r Hyyp, YcaH caH Hb 6yc GOMOH OpPOH HYTIMWH uar araap, yyp ambcranbir
Oypayynaxag Magaraaxyvy Hemee y3yyngar. Hyyp Hb HyypblH ragapra 605oH
ragapraac [naswxu araap MaHgan O60noH OoMponuoox ragaprblH araapbiH
TemnepaTypbiH Xxanb6ans3nuir Gyypyyngar, yuvMp Hb YCHbl AynaaHbl 6arraamx Hb
XypaanaH 6yn rasap 6onoH araapblHxaac ux Gampar Tyn ragapryyraac Wao3BXTan
YYPLWWUNT siBargcaHaap O39pX araap Mangang YCHbl YYPbIH X3MX33r HAIMIrgyynax
6onomxton. Hyyp G0OMOH TyyHUI 3praH TOMPOH Aaxb AynaaH, YMUrWviH anraatam
Gangnaac wanTtraanaH Hyyp Hb TYYHUI 3PraH TOMPOH Aaxb Lar araap, yyp ambcranbsir
eepuunger.

Xagumnrasp pgynaadbl 60SIOH 4YMWrWMA Hb TOAOpXoW sanraatan 6onosy
aXUrnanTblH apraap HyypblH Heneer cyanax He TMiMM 4 xsanbap 6uw om (Scott & Huff
1996). Uaawwvn6an, HyypyygblH uar araap, yyp ambcran, 63cpar X3MK33CWUWMH
NpoLecCT Y3YynaxX HeneennunH Tanaapxu 3apum TOOH cydanraaraap Hyypaac
YYO3MTAaN uar araap, yyp ambCrasiblH eepuYnenT Hb ynupar, HyypblH rasap3yuH
OanpLumn 33par Xy4vH 3yMrnaac xamaapyd eep eep banpar. HyypbliH ragapryyq Oyyx
Xyp TyHagacbir aBY y3B3Sl, HYYpblH araap MaHZan Hb 6BMWAH ynupang 3proH
TOMPHBIX0O ra3pbiHXaac unyy gynaad, Ynnurnar 6angar Tyn HyypbliH 433ryyp KOHBEKLY
NO3BXXKMXK, HYYPbIH canxuHbl good Tang uac opgor. YyHuir “lake effect snow” rax
HAapnagar 6a g4anxvinH ayHaan 6050+ eHaep epreperviiiH OfioH HyypaHa axurnargaar
(kMwas Hb, Peace & Sykes 1966; Steenburgh et al. 2000). TooH 3arBapunanbiH
cypanraaraap 3yHbl Cyyny HampblH 9x33p OpocbiH Jlagora HyypblH Heneereep xyp
TyHagac 20-40% Hamarggarmnr xapyymkaa (Samuelsson et al. 2010). ©BnuiH
XyrauaaHbl Xyp TyHagac AMepukninH Vx Hyypyyn opummp HyypbIH Hereereep 2 oaxuH
XypTon Homarggar 6GamHa (Scott and  Huff 1996). 3aresp Agypaaracad
cypanraaHyygaac xapaxag HyypblH Henee rasap OypT XxyrauaaHaac xamaapu
XapunuaH agunryin 605nox Hb xapargax 6anHa.

3yHbl ynvpang HyypyyablH Xyp TyHaZacHbl HONMeennnr 3eBXeH axurnanrtaap

TOAOPXOMNOX04 XapbuaHryn xauyy ©Oampgar, yuvmp Hb ©BenTan xapblyynaxag
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TOOOPXOM y33rgan, uank npoueccyydblH HapuiH Tesertan 6Gawmpar. ToOOH
3arBapyydblH Tycnamxkranraap eMHex 3apum cyganraaraap 3yHbl ynupang HyypyyAa
A93pX Xyp TYHadacHbl XaMX33 OMp OpYMbIH HyTraac 6ara 6avraar xapyyncaH 6angar
(Xona Amepuk gaxbe Mx Hyypyya: Notaro et al. 2013; XaTtag gaxe Taunxy Hyyp: Gu et
al. 2016). Oaraap HyypyyablH 3yHbl Xyp TyHagacHbl 6yypanT Hb ron TeneB HyypbiH
rajaprbiH YCHbl OO TemMnepaTypTan XonbooTomn unyy TOrTBOPXKCOH Yyp ambcrantan
xonbooTton Gereen 9H3 Hb HYYpbIH 4334 YYC3X KOHBEKUWAr gapadrymngar. [[9coH
xagun 4 Bycapg cypanraaHyyd A33p OypacaH yyp amberan Hb TortBopwwmn Gara
6anpar AdpuknnH Ux Hyypyya (Thiery et al. 2015) 33par HyypyyablH XyBba AynaaH
ynupana Hyyp O93pX Xyp TyHagacHbl XaMX33 Hyypyya eepcaee HaMaraaar 6onoxbir
XapyyrncaH TOOH 3arBapblH Yp AyHr TaHunuyyncaH 6awgar (Verburg & Antenucci
2010). OuddepeHuman xanaanTt, yypLIUAT, KOHBEKL, LauparMinH npoueccyyablH
HapuiiH TeBerTan XapunuaH YWN4Ynan Hb HyypyyablH G3Cpar XOM»kaaHMIM araap
MaHANbIH MPOLECCT Y3Yynax Hemeer ownroxod Tesertan 6Gonrogor. Hyypaac
YYASNTON B3CPar X3MXKI9HUN eepunentTyyd X3BTa3 6a 60coo unrnang Xap 39par
YPrarmknax Hb 6ac Togopxovryn 6anaar.

AXUrnanT, XaMmXunTunH 60NOH 3ariHaac TaHAaH cyananbiH apraap Hyyp, ycaH
CaHryyablH araap MaHanbiH 63Cpar X3M>K33HMI MPOLECCT Y3Yynax Hemneennuinir
TOOOPXOWNNoXo4 TeBerTan, HapuiH Oyc Gampar Tyn ragHbl OPHYyAblH TOMOOXOH
HYYpYyyAOblH Heneer TOOH 3areapynanbiH apraap HWM33H cyganxk 6anHa (Kourzeneva
et al. 2008; Gula and Peltier 2012; Theiry et al. 2015). Tyxann6an, 3yyH AgpuKT
opwux TaHraHvka HyypblH cyganraaraap Hyyunargman 60noH un gynaaHbl ypcran
xung gyHpxkaap 13%-18%-nap 6araccaHaap HyypblH 33p 6OMOH 3praH TOMPOHL,
araapblH TOrTBOpryn TteneB Oamanbir yycragar Gawmxag Xong AMepukminH Ux
Hyypyyaaa opwmnx Hyypyya 3yHbl XyrauaaHn araap MaHAnbIr unyy TOrTBOPTON Tenes
bavpang opyyngar 6amHa (Verburg and Antenucci 2010). Hyypyyn araapblH
TeMNepaTypT XapunuaH agunryn Henee y3yyngar. Xuwaa Hb, 7-p capa KaHagbiH
Great Slave 6onoH Great Bear Hyypyya orp opYMbIH ra3ap HyTraacaa 4°C-aap 6ara
b6anpar (Long et al. 2007) 6anxag ©MHea PUHNAHAOLIH HYYPYYA XUIUIAH TypLIng onp
OpYMbIH TeMnepartypaac yprask gynaad 6angar 6anHa (Samuelsson et al. 2010).

1-p 3ypraac xapaxag Xviman garyynbiH mMagaar 6onoscpyyncaH PERSIAN-
CDR 6onoH EBponbiH [lyHa xyrauaaHbl nporHo3biH TeBninH ERA-INTERIM peananus
Mag3ar AmepukninH Ux Hyypyya, OXY-biH Jlagora, OHera HyypyyAdblH OpYMbIH ByC

HyTraap 3ypXX xapaxag HyypyyAblH ragaprbiH TemnepaTyp HYYpblH 3praH TOWPHbI
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rasap HyTrmnHxaac 2-8°C-aap 6ara, xyp TyHagac 6ara yHagar Hb TOOOPXOW Xapargax
banHa. [lanan, TOHMMCIaC ancnargcad, eHgepner razapT opwmnx MOHron opHbl XyBb[,
OycuiiH 60N10H OPOH HYTIMWH Yyp amberanbir 6ypangyynard 4yyxan CUCTEMUNH HAr Hb
Hyyp oM. TyyHYnNaH, 1-p 3ypraac banrans Hyyp opuvMm 3yHbl XyrauaaHz Xyp TyHagac
9praH ToOWMpHbIXOOCOO 6ara, WX HyypyyablH XOTrOpT Xyp TyHagacHbl Tapxay,
M343rgaxyny Anraatam Oavraa Hb TOOOPXOWM Xxapargax O6arHa. 3Haxyy Xyp
TyHagacHbl dAnraatan 6GananblH Tanaap U3nK Taunbap xaHrantran XUArgox
Gauvraaryn tom. Llar araapbiH 60510H yyp ambCranbiH TOOH 3arBapyyaaj Hyyp, ycaH
CaHIMMNH 3areBapbIr OpyyriCHaap TOMXOH Hyyp, ycaH caH Gyxui rasap HyTarT raspbiH
ragaprbiH TemnepaTypT M343araaxyny eepunent erger (Balsamo et al. 2012; Martynov
et al. 2012). CnbupninH 60roH MoOHronblH TOMOOXOH HYYpYYyAblH araap MaHgan, yyp
amMmbCranblH XapunuaH YAN4YnanunH tTanaap cyganraa, 6acpar xaMxasHuin npouecct
Y3YYNax HeneennuinH Tanaapx cyganraar eprexyynax 3annwryi waapgnaratan oM.

Banranb Hyyp Hb OXY-biH CUBUPUINH 3yYH 6MHOA X3CAIT OPLUMX LBHIAr yctam
Hyyp 6ereeq TeB Hb 53.3°N, 108.0°E-T 6anpnagar. 25-30 cas XWNUNH ©6MHe YYCCaH
Baviranb Hyyp Hb O3NXUINH XaMMMWUH TOM, XaMrMnH ryH Hb 1642 M ryH Hyyp tom. 23600
KM3 333MXYYHTOMN, 33M3aXyyYH Hb Xong AmepukuiiH WX HyypyyablH 33N3XYYHUIAT
HUINYYNcHaac mx BanHa (Dabaeva et al. 2016). MxaBunaH xaBpblH Cyyn XypTan
Meceep xyuurgcaH 6anpar 6a HyypblH ragaprbiH Temnepatyp 3yHbl ynupang 4 TMim
eHOep Gamparrym, ronyrioH ryH, rasap3ynH Gamnpwinaac wantraamk Hyyp 60noH

ONPOMLOOX ra3pblH ragapryyruiH temnepaTtypblH anraatan 6angan 6un 6ongor.
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3ypar 1. Xuiman garyynblH M3433raap 6010BCpyyrncaH Xyp TyHagac, TemnepaTypblH
OPOH 3aKH TapxanT. AmepukniiH Vx Hyypyya (8334 xacar) 6onoH OXY-bIH Jlagora,
OHera Hyypyya (ayHA xacar). Moxron, bavirans Hyyp opumbIH Xyp TyHagac,
TemnepaTypbliH OPOH 3alH TapxanT (4004 X3car)



Bavirane Hyyp ©0MOH ONMp OpYMbIH BYCUMH Xyp TyHaOaCHbl TapXanTblH LUMHX
YaHapbIr OWMrOXblH TyN4 eHAep HArTpanTah Xyp TyHaZacHbl MIAISNNUAT erger
XUAM3M HEMPOHbI CYIMK33-Yyp amberanbiH magdannuminH cadH (PERSIANN-CDR, Hsu
et al. 1997) awwvrnaH 3aMHaac TaHgaH cyananblH M3433MM33C Xyp TyHadacCHbI
Toouoonnbir rapraH a4 6onHo. PERSIANN-CDR xyp TyHagacHbl mMagaanan 60°S-
60°N eprepruiiH 3ypBacbir xampax 6a baviranb Hyyp 60M0H OMp OpyYMbIH BYCUIAH Xyp
TyHagacHbl eHAep HapurBYnanTam eep mMagd3nan Ganxryn Tyn 3HaXyy cyganraaHg
awwurnacaH 6onHo. 2005-2019 oHbl 15 xwunuH xyrauaanHg PERSIANN-CDR
M3A33NNuNH 6aruag XMNCIH OyH WMHXUNMS Hb Banranb HyypbiH 3yHOaa opox Xyp
TyHaZacCHbl XaMX33 OMp OPYMbIH rasap HyTrmnHxaac 6ara, xapuH HyypbIH X0 X3CarT
9H3 ByypanT unyy Tog axurnargax 6anraar xapyynx 6anHa (3ypar 2a). [acaH xagun
Y HYYpblH MaHZan A33pX Xyp TyHagacHbl X3aMXk33 OyypcaH Hb 36BX6H HyypTau
X0NBOOTOM 3CAXUNT YHANAX3A, Xxauyy bangar, yump Hb MMM ByypanT Hb Xypa3anaH Oyn
yyrnctan xapbuyynaxag XapbLlaHryin Ham gop rasap 339par rasap3ynH LUKMHX YaHapaac

wanTraamk 0orHo.
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3ypar 2. 2005-2019 oHbi 6, 7, 8-p capyyabiH gyHaax (@) PERSIANN-CDR xyp TyHagacHbl
Toouoon0 6a (6) TooH 3arsapbiH cumynaum (LAKE)-aac aBcaH ragaprbiH Xyp TYHaZacHbl XaM¥K33

OoanxuniH  araap wmaHgan cyynuiad 100 rapyn XKunuvinH XyrauaaHbl  ax
YANOBIPUNH XypAauTam XenkunTtan xonbooTonroop oruom gynaapy 6aviraa 6a sHa
yyp ambcranblH eepuynent Hb eHaepner, AanamH 3prasc Xosi, Xyypawm rasapT
M33rgaxymny axurnargax ©6anHa. Nazap ©0nMoOH yCHbl ragaprbiH TemnepaTypblH

eepunenTt Hb HyypblH YCHbl cTpaTudwukauu, uaawnaag OuonoruinH npolecc,



aKkocuctemp Heneenger. Yyp ambcranbiH 0400 605I0H Mp3saynH Tenes, eepynent
HYYP, TYYHUA OPYUHA X3PX3H HOneenex, sprasg 3H3 eepunent yyp ambcrang smap
HeneeTan 6OMOXbIr cyanax 3annwryn waapgnaratan.

OHaxyy cypanraaHbl axnaap Cubupb 60rn0H MOHronbliH TOMOOXOH HyypyyA
6onox banranb, VX HyypyyablH XOoTropT Gavipnax HyypyyablH 63Cpar XaMX33CUIH
araap MaHzang y3yynax Heneer TOOH 3arBapuynarnbiH apraap cyasiax YHOC3H 30punt

TaBUB.



Il Bynar Bavranb HyypblH 3yHbl Xyp TyHagacHbl yyp ambcran, 63acpar
X3MX33CMUH NpoueccT Y3YYyNnaX HemneesnsiMur TOOH 3arBapuynanbiH apraap

cyanax Hb

2.1 CyaanraaHbl aXnblH 30punT

XamTapcaH TecnuinH XypasHA Aapaaxb 30puUnTyyablH Aaryy cyganraaHbl axun

rYMUaTroHa. YyHA:

e MoHron opHbl Nx HyypyyablH xoTrop, CUbnpninH HyypyyablH Teneenen 60mncoH
Banranb Hyyp opymbiH Bycasp Hyyp-araap MaHAfnbiH TepMOormapoanHamMuK
napamMeTpu3auunr aryyrncaH araap MaHAflblH TOOH 3arBapbIr TOXupyynax,
MY>XWUNH OHOBYTOW COHIOST, (OU3MK CXEMYYAUNT TOXMPYYax, COHroxX.

e Hyyp-araap maHanbIH TepMOrnapoanHaMUK napameTpusaLnmmnr aryyrcaH araap
MaHAsbIH TOOH 3arBapbir bavrane 60510H MOHron opHbl TOMOOXOH Hyypyyn
A33p XaMIMnH UX Xyp TyHaZac opAor 3yHbl Xyrauaaraap axunnyynaH, yp ayHa
aHanu3 Xunx.

e Cubupb 60n0H MOHrosbIH TOMOOXOH HYYPYYAbIH araap MaHAmMbIH XA3raapbliH
ye fasxapra, 63cpar xamMXaacuiH npouecc, 3yHbl XyrauaaHbl Xyp TyHagacTt
Y3Yynax Heneer cypanHa. HyypyyadblH araap MaHgan, uar araapbiH
ANEMEHTYYAS Y3YYI13X HeneeHun Tanaap punauk Tanndapbir XMnx.

o LUMHXN3aX yxaaHbl 3H3 YUIMANUWH XamTapcaH cyganraa Xenkuxeec ragHa
cydanraaHbl axnblH yp [OYHI33 OfIOH YMACbIH  M3PraxnunH  Xypnyyaaa

Xananuyynx, sapasv LUNHXUIT33HUA ONOH YNCbIH CI3Tryyna eryynan 0anTrax

X3BIYYITH3.
2.2 CypanraaHbl apra 3ym
221 TOOH 3arBapbIH TOXMpPYYIra, awumrnacaH magsa

OHaxyy cyganraang WRF 3arsapbiH 4.2.1 xyBunodapeir (Skamarock et al. 2019)
awwvrnacaH. Araap MaHanblH cyganraa, uar araapbliH TOOH NPOrHO304 X3parnargaar
WREF 3arBap Hb uar araapbIr ypbauuiaH TOOL,00M0X04 epreH xaparnaragar 6ereen
araap MaHAnMblH cyganraaHg H3H TOXMPOMXKTOM 3arBap tOM. TyYHUNSH ragaprbiH
eepynenTuiiH araap MaHgang y3yynax Heneer cygnaxaj epreH xaparnaragar 3arsap

ydypaac TyC cyaasriraaHbl aXkusg COHIoB.
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(@) TooH 3arBap. 3arBapblH erergern, TOOL0OSON X3BT33 OOMOH ©60C00
KoopauHaTbIH TPMANIAH LUaryya Assap xmnuranar. 3areapbliH 60C00 KoopanHaT Hb
AaparnTtaac xamaapax 6a raspblH ragapraac 9xafCcaH 4oop TYBLUMHAJS raspblH
ragaprbiH XOTrop ryarapunr garax 6ereeq 039LWIaX TycaMm XasTram ragapryy

YYC3X OHLJTIOrTOM aTa-koopAanHat awurnagar (tombéo 2.1, 3ypar 3).

1= (Pn = pnt)l( phs — pht) (2.1)

3HA: Phs, Pt Hb XapransaH 3areapbiH rasap 60nooa XxaMrmnH 0334 TYBLUHWNA
AapanTtblH yTra 6ereef pn— ruapoctatuk gapant. 7-ruH ytra 0-3ac 1 ytratam
GanHa. 3arBapblH X3BT33 KOOpAWHAT agwun anxamTanm rpuayyasaac Tortox
Gereen xyBbcardyaac Lwantraamk 6yTaH rpuauinH 60noH xarac rpuaniiH Laryya
093p Toouoornon xunurgaar (3ypar 4). WRF 3arBapblH YHACOH TArlWMTraNMAH

cucTeM gapaaxb XanbapTan.

op+(V-V
O+ p (V- V) — gW

U + (V - Vu) — 0:(pody) + 0y(pos) = Fu
oV + (V- Vv) — 9,(pdy) + 0,(ppy) = Fv
oW + (V- -Vuw) —g(0,p — 1) = Fw
0,0 + (V-Vih) = F()
)
]

(2.2)
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TorwmTtronyygunH GapyyH rap tang forcing term rax Hapnaraax sareapbliH
dun3unk xacar 6anx 6a TypbyneHT xonuraon, cepuinH NpoekL,, O3NIXUNH 3pranT
39prunr aBy Y3H3.

(b) 3areapbliH TOoxuproo. WRF 3arBap Oyc HyTraac xamaapaH MoHron
OpHbIr BYpaH XxamapcaH, X3BT33 4Mrnang 3 KM XYPTAnX anxmblH
HapuirBYnanTam, 42 60C00 TYBLUHI3P TOOL0OMNCOH 6a TypLIMNTbIH apraynanbir
[00pX cxemaap y3yynas (3ypar 5). 3arBapT xyBunbap 4.5-aac axnaH 3apum
eepunent (Gu et al.,, 2015) xuurgcaH 6a HyypblH 3arBapbIr aluurrax
B6onomxTon 6oncoH. HyypblH 3arBap Hb HYYpPbIH YCHbI 1 XamkaacT 6aranbir 10
AaBxaprag xyBaagar 6ereen 60COO TYBLUHYYAMWAH 3al TYHI3C XamMaapaH
SKCMOHeHuuanaap HamMargaor.

6-p 3yparT COHrOH aBCaH TOOUOOMSbIH MYXyyn O0noH 6yCc HYTrMMH rasap
BYPX3BYMWH aHrMNMbIr Xapyynas. banranb Hyypaac XOWLWwxu rasap HyTtar ypa
X3CIrMIMH rasap Hytraa 6oason Ham gop 6a 6yT, MeHX HOFOOH LUMAIMYYCT OMroop
rongyy 6ypxaracaH. WRF 3arBap Hb MKMK npoueccyyablH OSIOH TepSIMKH
CXeMYYOUNH COHronTTon ©0a TecnunH TenesrereeHn TycraracaH €coop
ypb44MUIICaH ONOH TOOH TYPLUMNT XUACHWUA Japaa araap MaHgan 60roH raspbiH
ragapra OpuYMbIH (PU3MK nNpoueccyyablH napameTpusaumiH Cxemyyaumr
Aapaaxb Gamgnaap COHrox ToxupyynaB (XycHarT 1). YyHA: Xsi3raapbiH ye
pasxaprblH YSU (Hong et al. 2006), raspbiH ragaprblH Noah (Tewari et al.
2004), kymymioc yynHu Grell (Grell and Freitas, 2014), 60rmHO OONMMOHBI
Goddard (Chou, 1999), ypT gonrmoubl RRTM (Mlawer et al. 1997) 33par.
3areap axwunnyynaxaz waapgnaratan 3axblH 60M0H aHxgard Hexuerneep 6
uar TyTMblH, 1 rpagycbiH OpoH 3arH Hapuieunantan NCEP FNL peaHanuauiiH
(Kalnay et al. 1996) magaar awwurnas. banranb HYypblH MYXWAH CUMYSINLUAH
Toouoosnsbir 2005-2019 oHbl 15 XUNMWH XyrauaaHsl 3yHbl ynvpnaap (6, 7, 8-p
capyygaap) rynuatracaH 6a 3arsapbiH 6040NThIN 3yripyynax LaapanarbiH
ynmaac xun 6ypuinH TooL00N0S 3XIYYN3aX capaac 40100 XOHOMMIH XyrauaaHg
HAMaNT GogonTbIr siByynaB. BOAONTbIH yp OYHMMWH rapanTtbir yar TyTMaap

rapras.
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XycHsem 1 Cydaneaaro awuenacad WRF 3azeapsiH ¢pusuk npouecculiH napamempusayudiv

COH2o01M

Physical process

Parameterization

Reference

Muxkpoduzuk

Xs13raapbliH ye
JaBxapra

Pagnan

["a3pbiH ragapra

I"azap OypxoBu

I'puadac Gara
XOMMKIICT KOHBEKI]

WREF single-moment 6-class (WSM6)
scheme

Yonsei University (YSU) scheme

Rapid Radiative Transfer Model GCM
application (RRTMG)

Noah land surface model

Revised MMS5 scheme

Kain—Fritsch scheme

Hong & Lim, 2006

Hong et al., 2006

Mlawer et al., 1997

Tewari et al., 2004

Jiménez et al.,
2012

Kain, 2004
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3ypar 5. Me3somacwTabbiH WRF 3arsapbiH axkunnaraaHbl cxem
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(c) 3areapblH TOOLOOMMbIH MYyX. Banrans Hyyp opuMbIH yyn3y 60N0H rasap
OypxaBUNINH TepnNuIr 6-p 3ypart xapyynas. bavrans Hyyp 3yyH xong Tanaapaa
XsiHraHbl yync, 6apyyH emMHe xacraspaa CoéHbl yyncTtan 3anraa opLuaor.
HyypblH GapyyH 3axaac axnoH CuOVMpUH Ham [Op rasap YPrasbKUmHo.
ToouoonnbIH YYPHAC3H X3N03PTAN XOEP MYXXUNH X3IBTI rPUANNH HapUnBYian
15 6a 5 km 60nHO. My>XXyyablH XaMX33 Hb ragHa MyxuiH xyebg 3000 km x 3000
KM, OTOoO MY>MIH XyBba 1545 km x 1050 km 6anHa. 3areapbiH 0334 X3CAr Hb
10 rMa, 6ocoo aaBxaprbiH TOO Hb 45. ToouoonnbiH 2-p Myx banrans HyypbIr
BGyxana Hb xamapcaH 6a 6GapyyH Tangaa XeBCrenunH Yyncbir axuyxaH
OartaacaH Hb TOOH 3arBapaap TOOLOOMON XUNX34 3axblH HexXLenTan
XONOOOTOMroOp TOOLOOMSbIH angaaHaac CI3PaMXKUACIH GonHo. MeH agun
LWanTraaHaac ragHa TasnblH TOOLOOSSIbIH MYXWJ XON OPLUMH YCaH ragapra asnb
B6onox Gara opyynaxaap ToxupyyncaH. 6-p 3ypart Bavranb Hyyp OpYMbIH
yynayn 60noH ryHumn 3ypryyablir xapyynas. bavranb Hyyp 3yyH XonHooc 6apyyH
©MHO CYHaX TOITCOH, XaMIMnH YPT X3aCcraapaa 636 KM, epreeLuee 79 KM XYpHa.
OyHoax ryH 744.4 m, XaMrMnH ryH Xacartaa 1642 m xypaar. banranb Hyyp Hb
O3NXMAH XaMIMiAH TyH Hyyp toM. FapaprbiH Tan6ain 31722 kM2, ragaprbiH

eHAepLuMn gananH TeBlHesc 433w 455 M, HyypbIH époorn 1186.5 m 6onHo.
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lll Bynar MoHron opHbl TOMOOXOH HyypyyA 6onoH 3yyH CubupunH banrans
HYYypbIH ©3CpPar X3MX33HMWU MNPOLECCT Y3YYNIaX Heneessiuir TOOH

3aresapunanbIH apraap cygarncaH yp AyHraac

3.1 3yyH CubupunH banranb Hyyp

3arBapblH CUMYNSUMAH Yp AYyHr G6atanraaxyynaxblH Tyng Cyypb CUMyNsSum
6onox LAKE cumynauuiH yp AYHT X34 X343H TOPNAWAH aXWrmnanTTblH yTratamn
xapbuyyncaH 6onHo. HargyraapT, 3yHbl YNUPRbiH XUAM3N JaryynbiH M3433N5Mnr
BGONoBCPYYIMK rapracaH ragaprblH Xyp TyHaOacHbl X3MX33 Hb 3arBapbiH Yp OYHA
rapcaH banranb HyypbiH 3yHbl Xyp TyHadacHbl LUMHX YaHapTan 30XuMx écoop aaun
banraar xapyymk 6anHa (3ypar 2). LAKE cumynauunH xyp TyHagacHbl XaMX33 Hb
PERSIANN-CDR xyp TyHagacHbl Toouoononton 6apar wxun macwrtabrtan 6ereef
3areap Hb OPOH 3alH unyy HapumeunanTtan (5 km) 6argar Tyn 3arBapuynanbiH OPOH
3aiiH TapxanT Xyp TyHaZacCHbl TOOLI0OMNONToN TecTan 6anHa. CuMynsumiH yp OyHr
xapaxag HyypblH 033ryyp Xyp TyHaZacHbl X3MX33 OMp opyMblHXooc Gara Gaviraa
Oereep aH3 Hara XaMXa3Tan Xyp TyHadac HYypblH XOUA X3CArT UNYY To4 aXxurnargax
Garraa Hb XMMMaN AaryynblH M3O33HUM yp OYHTAM HUMMUIXK GarHa. HyypbiH Xyp
TyHagacHbl AyHAaX Xamxad Hb 1.37 mm/egep 6ereeq aH3 Hb HyypbIH GapyyH GOSoH
3YYH XOMA X3CTUWH yynapxar 6ycyyaninH rypasHbl Har opumm oM. NOLAKE cumynsum
Hb HYYPbIH 3X raspblH 3proH TOMPOH AaxXxb Xyp TyHadacHbl XypAbIl MeH Xapyysik
Ganraar Tamaarnax 6anHa (3ypar 433p xapyynaarym), 9H3 Hb Hyyp Ganraa acaxaac
Bycaa Xy4uH 3ynnyya, Tyxannban raspbiH ragaprbiH TOrToL, 33par Xy4uH 3ymnyya

MOH agun Henee y3yynaar 60MnoxbIr Xxapyymk 6anHa.

FagapryyrmnH Xyp TyHagacHbl X3MXK3HI3C ragHa HyypblH ragaprbiH YCHbI
Temnepatyp (LSWT) 6onoH gapant, TemnepaTtyp, YCHbl YypblH XOMnbLbIH XapbLaa,
9KBUBANeHT noTeHuunan TtemnepaTypbliH (EPT) 6ocoo TapxanTbiH uar XyrauaaHbl
uyBaar axurnantranm xapbuyyncaHn 6onHo (3ypar 7, 8). 3areapblH yp AYHr33C Xxapaxag,
3arBap Hb 3yHbl 3X3H yen LSWT-uir xaTpyynaH yHanax xaHanaratam GavraarviH
YUMp Hb HYYP 5-p CapblH CYYN33p Y rCIH epeHxungee meceep xyuurgcaH bangarram
xonbooTtorroop Tannbapnax 6o5Ho. SH3 anraaHaac 6ycag Toxmonaong CUMynsumMnH

YP AYH aXurnaracaH WHX YaHapyyaTan XxaHranTTam XaMxaaraap TecTai baiiHa.
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3ypar 7. 3arsapunan (Tacpantryit wyram) 6010H askurnant (tacapxait wyram)-biH 2005-2011 oHbl
6, 7, 8-p capyyablH HyypbIH ragaprbiH yCHbI AyHAAX TeMNepaTypbiH XyrauaaHbl LyBaa.
AxurnantbiH magaar 2012 onbl 3-p cap xyptanx Along-Track Scanning Radiometer (ATSR)
Reprocessing for Climate: Lake Surface Water Temperature and Ice Cover (ARC-Lake)
tecnuniii v3 (Merchant and MacCallum, 2018) gaxvH 6ocrocoH peaHannsuitH CKaHHEPUIAH
paguometpaac (ATSR) ascaH 601HO
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3ypar 8. baiiranb HyypbIH 3yyH 3pruiiH 33prangasx uar aax (Ycr-baprysun, 53.41°, 109.01°) 2005,
2011, 2012, 2013, 2014, 2015, 2016, 2018, 2019 oHyyabiH 6, 7, 8-p capyyabiH 3arsapbiH
cumynaum (wynyyH wyram) 6010H axurnanTteid (Tacapxait wyram) ayHaax (a) gapant, (b)
Temnepartyp, (C) ycHbl yyp xonmngox xapbuaa, (d) skeusaneHT noTeHuMan TemnepatypbiH 60C00
npoduib. BOCOO KOOPAMHAT Hb raspbiH TyBWH33C A33w (AGL); HyypbIH ragapryy 433px eHAep Hb
Tar 6aliHa. X3T 0/10H AYTYY aXKUINANTTal XKUAYYANIT AyHAXKaAc XaccaH 601HO
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HyypblH MaHgan gs3px xXyp TyHagacHel Oyypantag bavranb Hyyp asmMap XamKa3arasp
Heneetan Gaunraar LAKE 6onoH NOLAKE cumynauuiH yp OYHMMAH Xyp TyHagacHbl
xapbuyynantaac xapx 6onHo (3ypar 9). HyypblH MaHAnbiH Tanbawm AO33px Xyp
TyHagacHbl gyHaax xamxkaa LAKE cumynaung NOLAKE cumynsuminHxaac 13%-map
(0.21 mm/epep) Gara Ganraa Hb 3yHbl ynupang XWNMWAH OyHOaX Xyp TyHagacHbI
XaMk33 19 MM-Tan TaHUyy GanHa (3ypar 2a). LAKE, NOLAKE cumynauumH yp ayHr
XapbLyynaxag 3yHbl ynupang opox Xyp TyHagacHbl xamxkaa 2005, 2010 oHyygaac
O6ycag oHyygan LAKE cumynauug OyypcHeir xapx 6anHa (3ypar 10). HyypbiH
Herneereep Xyp TyHaAacCHbl ©ep4nenT 3eBXeH HyypblH MaHAnaap xs3raapnargaxryu,
xapuH Byx 6yc HyTarT TapxcaH 6aviHa. HyypblH 3yyH xacar 60MoH 3apyM ra3apT Xyp
TyHagac NOLAKE cumynsumac LAKE cumynauug nnyy nx 6anHa. 9araap xacryyass
faraag Xyp TyHagacHbl X3MX33 WXICCOHUWM Laaluva TyYH3MMAPYYNaH cyanax
Waapanaratan.

HyypbiH Heneereep 60C00 UMrNanNg YYCCoH eepunenTuir wuHxnas (3ypar 11).
LAKE cumynaumng HyypblH ragapra 6onoH 6ocoo uurnang temnepartyp 6ara 6anx
bereeql HyypblH XOPrenTUAH HeNee z ~ 2 KM XYPTan YProrkunaar. YCHbl YypblH
XonbLoOoHbI Xxapbuaa Hb NOLAKE cumynsuninr 6ogson LAKE cumynauug meH 6ara
6arHa (3ypar 9c¢) 6a anraa Hb z ~ 3 KM XypTan xapargax 6anHa. LAKE cumynsumiiH
9HAXYY Xyypay 6angan Hb HyypblH MaHAan A433pX KOHBEKUUIr gapax 6a ycHbl yypbiH
A33LL TIIBIPNANTUIAT BYypyymnXK, YCHbI yyp Oyloy yypLlumnTbIir HYYpbIH ragapryyraac

093pX araap MaHgang yp AyHTan HUANyynaarryn 6onoxeir xapyymk 6anHa.
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(a) surface precipitation amount (b) temperature (c) water vapor mixing ratio
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3ypar 9. LAKE 60101 NOLAKE cumynauumiiH (@) ragapreiH xyp TyHagacHsl, (b) 2 metpuitH
araapblH Temnepatyp, (C) 2 MeTPMItH YCHbI YYPbIH XOJIbLOOHbI Xapbuaa, (d) ragapreiH gapant, (e)
xs3raapbiH ye aasxaproiH (PBL) engep, (f) auseprenuuiin 3epee (LAKE — NOLAKE)
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Annual surface precipitation amount
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3ypar 10. LAKE (tacpantryit wyram) 60104 NOLAKE (Tacapxait wyram) cumynsaumitH »Kun
6ypuitH 3yHbl (6, 7, 8-p cap) yaupabiH baiirasb HyypbiH TanbaiH gyHAaX Xyp TYHaZ4acHbl X3MMX33
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3ypar 11. LAKE 60104 NOLAKE cumynaumitt Baitranb HyypbiH Tanbaii gaspx (a) Temnepatyp,
(b) ycHbl yyp xonmaTbiH xapbuaa, (¢) EPT, (d) ycHbl yypbiH T93B3pA3ATUIAH X3BT33 AMBEPreHUMNH
6ocoo npodunsb. YnaaH wyram He LAKE 6onon NOLAKE cumynaumitd 3epyy ytra. bocoo
KOOPZAMHAT Hb raspbiH TyBwH33C 33w (AGL); HyypbIH ragapryy 433px eHaep Hb Tar 6aiiHa
(XaT 0N0H AYTYy aXkMrnanTTai KUAYYAMIAr ayHaxaac xaccaH 601Ho).
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HyypaH [093px Xyp TyHagacHbl Xamxa3ar bauranb Hyyp siMap XaMXaaraap
xapuyuax 6awnraar HYYP 6onoH NOLAKE-uiH 3arBapunanbiH Xyp TyHaZacCHbI
xapbLyynanTaac xapx 6onHo. HyypblH Tan6an Aaspx oyHAax Xyp TyHa4acHbl XaMX33
NOLAKE cumynauunnHxaac 13%-unap (0.21 mm d—1) 6ara Ganraa Hb 3yHbl ynupang
XUINMWAH OyHA@X XYp TyHagacHbl Xamkad 19 MMm-Tan TaHUyY 6arHa (3ypar 2a). 3yHbl
ynupang opox Xyp TyHagacHbl xamxad OyypcHbir 2005, 2010 oHyygaac 6ycaa 6yx
3areapynarnblH XyBb[ XU XOOPOHAbIH xan6an3antan 6ancaH 4 xapx 6anHa (3ypar
S4). HyypblH Heneereep xyp TyHagacHbl ©epynenT 3eBXeH HYYpbIH HyTar O3BCrapaap
Xsi3raapnargaxrym, xapuH 6yx 6yc HyTart TapxcaH 6aviHa. HyypbiH 3yyH X3Car rax MaT
3apum rasapt xyp TyHagac NOLAKE cumynsaumac LAKE cumynauma nnyy nx éanaar.
Hyyp saraag aarasp raspyygag Xyp TyHagacCHbl X3AMKI3r WMXACragar B3 raarvmmr

Laawmng ryH3rmmpyynaH cyanax waapanaratan 6anHa.

3ypar 11d-4 ycHbl yypblH T33B3PA3ATUIH X3BT33 60C00 npodainbir xapyynas.
Vh-(ugv), aHg Vh Hb x3BT33 del onepaTop, U Hb CafixMHbl X3BT33 6airyynary, QV Hb YCHbI
YYPbIH XO/NbLOOHbI XapbLiaa oM. XOEp CUMYAALMIAH XYBbA, YCHbI YYP Hb 4004 Aasxaprag (z
< 0.7 Km) Haraax, pa34 pasxaprag (0.7 km < z < 3.5 km) xyBaarggar 6ereeg, sH3 Hb caB
raspbiH TonorpaduitH epAninH WKHK YaHapbIr uaapxuinngar (skuwss He, Satyamurty et al.
2013). OH9 Hb NOLAKE cumynsumpa 6ac xaparggar Tyn 9HO OHUMOr Hb XOEp
CAMYNAUMAH rasap3ymMH HUNTNAr oHumforooc yygantam rax y3gar. NOLAKE
cMMynauuTan xapblyynaxag 4oo4 gaBxapra Aaxb KOHBepreHu, 6a 4334 AaBxaprbiH
anraa xoéynaa LAKE cumynsauma cyn 6anraa Hb Hyyp A39pX KOHBEKL, cyrnapy 6avraar
xapyymk 6anvHa. TyyHYNnaH, HArasx AaBxapra Aaxb YCHbl YYpblH T39BIPMANTUNH
koHBepreHy Hb NOLAKE 3arsapunanaac LAKE 3arsapynang 20%-uap 6ara 6ainHa.
OHaxyy cyn 6angan Hb araap MaHAfblH 4004 X3CarT 6anraa KOHBEKTMB QHEPrumr
Baracrax, ynMmaap KOHBEKUMIUT ynam cynpyysxk 6onsowryi oM. [1as4 gasxapra gaxb
YCHbl YYPbIH T33BIpPSAaNTUAH anraa Gyypax Hb A0OA4 AaBxapra [axb YCHbl YYpblH
T93BIPSIANTUNH KOHBEpreHumiH ByypanTtaac ux 6anraa Hb 6araHa gaxb YCHbl YYpbIH

XOmbLOOHbI XapbLiaaHbl XaXXyyrminH ypcran HamMaraax banraar xapyymx 6anHa.

Mapgpar gynaaHbl ypcran (sensible heat flux)-biH egpuiiH eepunenTt Hb LAKE
CUMYNAUNL eApUAH TypLl M34pPar AynaaHbl ypcran Hb JOOLWO0O (eepeep xantan,
araap MaHgnaac ragapryy pyy) 6anraar xapyymk 6GamHa (3ypar 12a). LAKE

cUMynaung, ragapryyrmidH omporiloox araap MaHgan Hb TortBopTon Gawmpar Tyn
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HYYPbIH O033ryyp KOHBeKUnnr Byypyynax maragnan engep 6anpar. XapuH NOLAKE
CAMYNAUNL, MIAPar AynaaHbl ypcranblH YAMdN Hb ©4PWUMH  uaraap A33L39
(rapapraac araap MaHgan pyy), WeHWWH uaraap [OOWoo 4vrnagar. Hyyp Hb
YYPLWMATBIIr HAMIrAyymk ynmaap AynaaHbl gang ypcranbir HOMIrayyiHd raCcoH
XynaanTaac anraatam Hb LAKE cumynsung sinanrysa egpunH Laraap gang gynaaHol
ypcran 6ara 6anaar (3ypar 12b). LAKE cumynauunH gynaadbl gang ypcran (latent
heat flux) G6ara 6anx yHgacnanTam wantraaH Hb LAKE cumynauug KoOHBeKU,
xapbLUaHryn cyn ©6anx Gereef 3HS Hb ragapryyruiH OMpONUOO A33W YUFTIACIH

XeOenreeHuir cynpyynaar 605Ho.

X0ép cumynaumg ragaprblH Xyp TyHagacHbl XOHOMMNH ©ep4YfienT Hb erneeHun
uaraap 6yypd, y4o AyHObIH yed XaMrMnH Garagaa Xypd, ynmaap Xacar xyrauaaHg,
HAMAraaar HUNTNAT WWHX YaHapbir xapyyrmk 6arnHa (3ypar 12c). NOLAKE cumynaumg,
ragaprolH Xyp TyHagacCHbl XaMXK33 YA33C XOWLL MIL3raAaxyny, Hamaraax, 15 uaraac
WeHe AyHA XYpTan eHaep XxaBasp 6GawHa. HyypblH Heneereep ragaprbiH Xyp
TyHagacHbl XaMXka3 6aracax Hb yA33C Xouw OOrfoH wWweHedee wunyy Oanraa Hb
xapargax 6amHa. NOLAKE cumynsuaac anraatam Hb LAKE cumynauuag xyp
TyHagacHbl XOHOTMH 433 XaMXK33 YA33C XOMLW axurnargaxryn 6anHa. banranb Hyyp
opwgor ayHa 60noH eHAep eprepert TOM MaclwTabblH MepuanoHans TemnepaTypbiH
rpagueHTTanm XonbooTon IKCTPATPONUK LIMKIOHYYA Xyp TYHaAacT UX33X3H Heneenger
Hb M3aaraax Ganraa 6onosy bavranb Hyyp Hb 63CPar XaMXasHA33 Xyp TyHaAaCHbI
XOMXKI3r ByypyyrK, OpPOH HYTTMAH araap MaHanNbiH TepMoguMHamuk 6a guMHaMuk

TONeBUIr eepUNITK Xyp TyHagacHbl XamMxkaar Gyypyynaar Hb xapargax 6anHa.
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3ypar 12. Baliranb HyypbiH TanbaiiH ragapra 433pX 40OL YAMI3C3H BOrMHO AOAMMOHbI Lauparuiir
LAKE (tacpantryit wyram) 6onoH NOLAKE (Tacapxait wyram) cumynauma, ayHAaxKaap ascaH (a)
ragapryyrmiii magpar aynaasbl ypcran, (b) ragaprein aynaaubl gang ypcran, (C) ragaproiH xyp
TYHagacHbl Xam33, (d) HWMIAT (WKHMBH 6010H Mec) yyaHuiA yc, (€) TyHagackux yc (6ocoo baraHaap
H3ITI3C3H YCHbI YYPbIH X3M¥K33)-Hbl XOHOTMIH xyrauaaHbi a8y, (f) aaxb ynaan uyn wyram He LAKE
60104 NOLAKE cumynsumith (LAKE-NOLAKE) xoopoHabiH fnraa
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TyHagacHbl Oyx XxonGapuiH XONUMIMAH XapbuaaHbl ©0coo npodhannaac
xapaxag LAKE 6onoH NOLAKE cvmynsaunini anb anvHg Hb LLaCHbl XOSNbLbIH XapbLiaa
nx banraa Hb xapargax 6amHa (3ypar 13). Hyyp Gairaa Hb aTMOCepunH [oonq
AaBxapra gaxb YYNHUKM ycHaac 6ycag TepnyyaunH XOnbLOOHbI XapbLuaar epeHxXuning
Hb Byypyynaxag xypragar. Llac xonbuooHbl xapbuaa 60noH graupel-blH XOnbLOOHBbI
XapbLaa xoéynaa HyypblH Heneereep 6aracax Hb OMPOSILLOOrOOP WXKMUIT XAMXKIITIN
banraa Hb xavnantbir OyypyyncHaap LAKE cuMynauunH ragapryyrmiH  Xyp

TyHaZlacHbl XaMX3ar Oyypyynaxag Xyprax banna.

[a3p aypacaH Hyypaac yy4anTan eepunenTyyd, Tyxannban, ragapra opYMblH
XepernT, cynapcaH KOHBEKL,, YCHbI YYPbIH XOrbLIOOHbI XapbLaa, xyp TyHagac 6araccaH
33par Hb XxapunuaH ysngaatan 6ereeq HapHbl LlauparuiH XaMkaa 34raap eepynentes
qyyxan yypar rynuatragar. HyypblH ragaprbiH OMpOnuoox XepenTeec YYCCaH cynapcaH
KoHBeKL, Hb 3ypar 12d-4 y3yynCaH LUUM YCHbl HUAT aryynamxunr (eepeep xan6an
LWKHIOH 6a MeceH aryynamxuinH Huin6ap) 6aracaxag xypragar. YYNHUA HAAT YCHBbI
XaMxa3 6ara 6anraa He LAKE cumynsuminH Xyp TyHagacHbl Xamxaa 6ara 6avraartan
Wwyyn xon6ooton. YYNHUA ONTUK 3y3aaHblr Byypyyngar HUAT eTrepyysiCaH YYIHUA
YCHbI aryynamx O60noH TyHagackux YCHbl anb anuHblX Hb ByypanTt Hb 3ypar 12f-g
Y3YYJIC3H LUMI JOOLIOO YMUIrMAC3H BOrMHO JONMMOHBI Lauparvir uinyy XydTan 6onrogor.
LAKE cumynauminH XOHOMMWH XyrauaaHbl OO YUFIAC3IH 6OrMHO SOMMMOHBbI Laupar
NOLAKE cumynsiumiiHxaac 6.2 B1/mM2-33p ux 6ariHa. HyypblH Heneereep cynapcaH
KOHBEKLMIH yriMaac HyypblH MaHgan g3apx 60coo 6araHbl YCHbI yyp, KOHAEHCAUUWH
XAMX33 eepuniergex He ragaprag npx 6ym 60rMHO AONMMOHT Lauparuir HAMarayysmK
HYYpbIH ragapryyr gynaapaxag Xxypragar 6eree 3H9 Hb KOHBEKUWAH CynpanTbir

X3CAlryJ1dH Hexex Yagaar.
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3ypar 13. Baiiran HyypbIH TanbaiiH gyHAxaap aBcaH yyaHuii yc (cloud water), 6opooHsi yc
(rainwater), meceH Tancr (ice crystal), uac (snow), graupel-biH xonbL0HbI XxapbuaaHbl (@) LAKE
6010+ (6) NOLAKE cumynsaum 6onoH (8) LAKE 60non NOLAKE cumynsum gaxb 6ocoo
npodu/b. BOCOO KOOPAMHAT Hb raspbiH TyBLWHI3C A33w (AGL); HyypbIH ragapryy 433pX eHAep Hb

Tar 6arHa.
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3.2 MoHrosn opHbl UX HYYPYYAbIH XOTrop AaXb TOMOOXOH HYYypyyA

OHO x3carT 2.2.1-T gypacaH apradnanaap MoHronbliH Ux HyypyyablH XOTropT
OpLUMX TOMOOXOH HYYypYyyAblH araap MaHgang y3yynax Hereer TOOH 3arsapuyriarnbiH
apraap cyanas. MoHron opHbl TeB 60n0H BapyyH xacruir opyyncaH 3 6yc HyTrunr
TOXMPYYJIDK XaMriiH OTop TanbliH Byoy HapuiiBdnan eHaepTan 6yc HyTrunr 6artaas.

CumynsaumiH yp ayHr 6atatraxbliH Tyna EBponbiH AyHA XyrauaaHbl NPOrHO3bIH
TeBuIH 0.75°x0.75° Hapume4dnanTtan ERA-INTERIM peaHanna magaaTaon xapbLyynas.
15-p 3ypart 6040NTbIH XyrauaaHbl 2-p 6yC HYTMMH ras3pbiH ragapra gaxb gapant, 2-
METPWUINH TEBLUHUI TeMnepaTypbIr XapbLyynaH xapyynas. byc HyTrviiH gapant 60mnoH
TemnepaTypblH TapxanTbir XapBan Yyns3ywr garax XOTrop rasap Temnepartyp ux,
yynapxar raspaap Temnepatyp 6ara 6aiix Hb xapargax 6arnHa. PeaHanu3 magas
GOonoH 3areBapblH yp AYHIYYA €ep eep HapumBynanTanH ynmaac 3apuMm 3epyyTaun
Ganpan xapargax 4 OpoH 3aviH TapxanT epeHxuingee agun 6anHa. OHA33C xapaxag
OpPOH 3alH HapunBYNan xagum YMHId canH BGanx Tycam Teaun YMHIS HapuBYUIICAH

YP OYH Xapargax Hb Togopxoun 6anHa.

(a)
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3ypar 14. (a) ToouooblH BYC HYTrMItH eHaepwunn 6010H (b) 3-p LOM3IHbI rasap awmrianT,
raspbiH 6ypxasy. (Llaraan eHre — Hyyp)

MoHronblH VX HyypyyAblH XOTropbiH YBC, Xap-Yc, Xap, Yypar, [lepreH 33par
300 opumm HyypsbIr 6arTaacaH raspbir xamapHa (3ypar 14). 2015 oHbl 3yHbl yniupnaap
cumynsy sByymk MoHronbiH Ux Hyypyya oaxe HyypyyA uar araapblH aneMeHTYyaa4
AMap Hemnee y3yynax Tanaap Toouoosion xuns. CMMynaumnH aHxgard 60M0oH 3axbIH

Hexuneep AHY-bIH Araap MaHasbIH YHO3CHUW TOBUMH 6 Liar TYTMbIH MOl aluuUrnas.
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16-p 3ypart LAKE, NOLAKE cumynauyyabiH un gynaadbl ypcran, 2-mMeTpuiH
TOBLUHUI araapblH TEMMNepaTyp, XA3raapbiH ye AaBXxaprbiH 6HAPUAH XOHOTUH ABLbIT
xapyynas. WeHunH xyrauyaang LAKE, NOLAKE cumynauyyabiH un gynaadsl yperan
onponuoo banx 6a egpuiH xyrauaang NOLAKE cMMynsuminH yTra HOMaraax, XapvH
LAKE cumynauminHx ceper yTraTam xaB3dp Ganraa Hb araapaac HyypblH MaHgan
AynaaH aBY 6anraar unTraHa. ©epeep xandan un gynaadsl ypcran 6ara 6anraarninH
ynmaac HyypblH ragaprbiH TemnepaTtyp HyypblH MaHgan Aaspx araapbliHxaac bara,
Xa3raapblH ye AaBxaprblH eHaep 6ara 6amHa. QH3 Hb HYYpblH Hereereep araap
MaH4an HyypblH ragaprbiH XapunuaH ynnynan ypramnaH 6ypxasy 6a araap maHgan
XOOPOHABIHXOOC CYf, HYYPbIH 4334 X3CrMIH araap Wnyy TOrTBopTon BarHa racaH yr.
OHa yp ayH banrane HyypblH CUMYRSUMAH Yp OAYHTaM Taapy 6anHa. LAKE, NOLAKE
CUMYNALYYObIH araapblH TemnepaTypblH MakCMMyM axurnargax xyrauaa eep eep
6arHa. LAKE cumynsumng 2-meTpunH araapblH Temnepatyp 18-19 uart 15.2°C xypuy
6yn 6on NOLAKE cumynsauuinH makcumym 2 uaraap apT, 26.7°C xypy 6anHa. LAKE
CAMYNAUMNH MakCUMyM axurnargax xyrauaa xoxyy 6anraa Hb YCHbl AyrnaaH
Oartaamx araapblHXxaac ux 6Gawngartan xonbooton. NOLAKE cumynauug
TemnepaTypbliH ecenT XxypAaH 6Ganxag HyypblH ragapra xepexgee yaaaH 6aviHa.
XapvH TemnepaTypbiH xoHormnH amnnutya NOLAKE cumynauminHxag mx GanHa.
TemnepaTypblH XaMrMiH WX 36pee YAS33C XOWW axurnargax, uaawumg aaxuiu

Oyypcaap yypaap 5 uar opunma xaMrmnH 6ara 3epeetan 6ok 6anHa.
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3ypar 15. ERA-INTERIM peaHanu3 6050H cuMynsiLUMIAH ra3pbiH ragapra gaxb gapant,

2-MeTpuiiH TeBLUHWIA araapblH Temnepartyp
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3ypar 16. LAKE, NOLAKE cumynsuyyablH un gynaaHbl ypcran, 2-MmeTpuiiH TOBLUHWUI
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3ypar 17. LAKE, NOLAKE cumynauyyabiH nn gynaassl ypcran, 2



17-p 3ypart LAKE, NOLAKE cumynauyyabiH un gynaadbl ypcrasn, 2-MeTpunH
araapblH TemnepaTtyp, Xs3raapblH ye AaBXaprblH Aongyraap capblH XyrauaaHbl
uysaar xapyynx 6anHa. NOLAKE cumynauug raspblH ragapraac araap maHgan pyy
erex Wn AynaaH efpvuiH Xyrauaan Yprofbk ux, WeHunH xyrauyaaHg LAKE
CUMYNAUMNHXTanW onponuoo 6anx Hb xapargaHa. LAKE cumynauunH vn gynaabl
ypcran ceper ytratan 6anraa Hb HyypblH MaHAan MaHgnaac 433wWas b6anx araapaac
XYWUT3H Oavraar untroHa. HyypblH MaHgnaac 93w 2-MeTpUrH TeBLUHWUA araapblH
TemMnepaTypbiH XOHOrMIH aMnnuTya HYypryn cumynsaumiHxaac 6ara 6amHa. NOLAKE
cuMynsaung xasraapblH ye gaexaprblH eHgep LAKE cumynsauMnHxaac ypramk ux,
eO0pUNH XyrauaaHg 3apumgaa 1.8 kM xyptan eHgep Gamnraa Hb canxuHbl 60C00
OanryynardumH xypa WX, KOHBEKUWAH XeAesireeH UXTan 6onoxbir untraHa. CapblH
XyrauaaHg XO€p CUMYNAUMWH uar araapblH 9nemMeHTyyauniH TpeHa agun 6amx d
amMnNnuTya eaep e4peep xapunuaH agunryn xapargax 6anraa Hb TyxanH egpyyannH
CMHONTUK NpoueccTon xonbooTtorn 6a eep eep ra3pbliH ragapra araap MaHganrtam eep
eepeep XapunuaH YANYNanuaxunr untrax 6anHa. 3apum CIpyyH eapyyaes 2
CAMYNAUMNH TemnepaTtypblH amnnuTtyg 6ara, yTryya XoopoHAoO Aexex 6Gawnxan
3apuMm edpyyas4 TemnepaTtypblH ganraa ux, anadvrysa NOLAKE cumynsuminH
TemnepatypbiH amnnutyg uMx 6Ganraa Hb Xxapargax 6awHa. CapbiH Typw LAKE
CUMYNALNINH TeMnepaTypbliH 4334 ytra 20°C-3ac uxryn 6anxag NOLAKE cumynsaumiiH
Temnepatyp 33°C xypy GanHa. 2 cuMynsuMinH TemnepaTypbliH XaMriH UxX anraa
15.9°C xypu4 6anHa.

18-p 3ypart 2-MeTpuUiH TeBLUHWA araapblH TemnepaTyp, raspblH ragapraac
Aasw 100 meTpasp AyHAaxnacaH YCHbl YypblH XOfbl, Canxu, Xs3raapbiH ye
nasxaprbiH eHgpuiiH LAKE, NOLAKE cumynsiuyyabiH 36peeHuin OpOoH 3aiH TapxaubIr
xapyymxk 6anHa. booonTbliH xyrauaaH HyypblH MaHgang OorfioH HyypbliH opyvmMmg
9proH TOMpPHbI rasap Hytraac gyHopxaap 8.7°C XyWTOH, HyypblH Mep TOOOpPXOW
xapargaHa. 3yHbl xyrauaaHg WX HyypyyAblH XOTropT HYYpyyAblH yriMaac 3praH
TOMPHbI OPYMH CIPYYCOAr Hb Xaparaax 6anHa. YcHbl yypbiH XonbublH 3epyy 0.9 r/kr
Xypax 6a 200 kM XypTanx rasap HyTar 3epyy axurnargax 6anHa. Hyyp Hb xs3raapbIH
ye OaBxaprblH eHApuir 564 meTp XypTan Oyypyyrk, Hyypaac ragarl Yurnantan
canxu byy anBepreHL, xe4enreeHUnr Hexuenayysmk 6aiHa. TOMOOXOH Hyypyyaaac
ragarwl YvrnanTonl canxu TOA4 Xapar4ax, XapuH >KXKUT HYypyyablH OMpOnuoo

TemnepaTyp, YCHbl YYpPbIH XObLbIH 36pYYy Xapargax by 4 canxuHbl
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3ypar 18. 2-meTpuIiH TEBLUHWIA araapblH Temneparyp, raspbiH ragapraac aaaw 100

MeTp 6araHaap ayHOaxnacaH yCHbl YYpPbIH XOJibl, CalriXu, XdA3raapbiH Ye AaBXaprbiH

eHapuiiH LAKE, NOLAKE cumynsuyyabiH 36peeHnii OpoH 3aiiH Tapxady,.
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3epyy TeauunneH xapargaxryn 6anraa Hb CUMYNSUbIH X3BT33 YUMMANAUAH TPUANAH
anxamTtan xornbooTon 6a TyxarH XWKUr HYYpPYYAbIr aryyncaH XWwKur Myxaap cumynsay,
ryvuaTraBan 3epyy 1o xapargax 60nHo. 94raap eepunentyyd Hb AMepukunH Mx
HyypyyablH araap maHganz y3yynax HerneeTan YaHapblH XyBbA TecTan 6anHa (Notaro
et al. 2013). 3H3 axnn eryynan 60510H X3BNAraAcaH 6a CMMynNAUMAH Xyrauaar ypTacraH
TOOL 000N TYWUITIAXK, OPOH HYTTMWH araapblH UMPKYNAUWAT Laallng HapunBynaH
cyanax axun yprasmkuink 6anraa.

Tyc cyganraaHbl axrblH 9HAXYY X3CArT YBC HYYpPbIH Liar YypblH afeMeHTyyaag
Y3YYNax Heneer 3yHbl Xyrauaaraap TypwcaH 6on uaawung eBnunH xyrauaaHsl smMap
Henee Y3yynaxuMnr TOOH 3arBapuynanbiH apraap TOOL0OMOX waapanaratan. 3yHbl
XyrauaaHz HyypblH Liar araapT Heneenex Hemnee agunasTap LWWHX YaHapTan Xaaun Yy
OBNUAH XyrauaaHz OMposiLoo eprepert OpLux 39X ra3pblH TOMOOXOH HyypyyAaac
WMHX YaHap eep Gamxk 6onsowryn. Tyxannb6an, AmepukninH Ux Hyypyyn esnuiiH
ynupang onponuoox rasap HyTraac aynaaH ragapratam 6angraac lake effect snow
roX HOpnaraax 6acpar uar araapblH y3argnuir 6un 6onrogor. TyyHYnaH WX
HyypyyablH rasap HyTart eBnWWH XyrauaaHg TOMOOXOH rasap HyTruMnr xamapgar
CnbunpuiiH nx gapanTtbiH OpHbI TEB TOrTBOpTON 6aripnagar, araapblH 4004 AaBxapra
Mall 3pYMMTIN MHBEPCUIMH AaBxapraTan, araap MaHgan maw TortBopTon Gampar
oHLOrTon. MAMaac TOMOOXOH XaMX33HUIN Hyypyya CubupuiiH nx gapantbiH OPOHA

X3PX3H Heneenger Tanaap cyanax Hb COHMpXOHTOVI axun 6orHo.
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EPOHXUN OYTHIANT, 36BNOMX

TecnuiH xypaaHa 3yyH A3uiiH yynapxar 6yc HyTrMAH TOMOOXOH YCaH CaHryyabir
Me30 MacLluTabblH araap MaHAMbIH Y33rafMinH 39X YYCBap, Tap AyHAaa aloynTan y3aranuinH
3X yycBap 60nroH aB4 y33X, TOOH 3arBapuynarnbiH apraap TYPWWNT XUAH cyanax ssaan
6aviB. OH3 30punroop TyxanH 6yc HyTryyaag aHx ygaa axurnanTblH 60nomxut 6yx
erergern (XMUMan AaryyrnblH M3A33M13M, pe-aHanus, uar yypbiH axurnanTbiH M3433513n,
Me30 MaclTabblH 3arBapuynan)-uir almrnacan.

WRF 3arBapbir aHXx yaaa HyypblH MECHWA FOpWUM, YCHbl OABCKWUNTbIH MOCHWUI
OypxaBY, AynaaHbl Hexueng Y3yynax Hemneer xaprans3aH Y3C3H HyypblH 3arsapTaw
xonbox, yynapxar raspblH OHLJIOr WKMHX YaHapTan 3yyH xona AsunH 6yc HyTar gax
TOMOOXOH HYYpyyAblH 6ycaa TOXMPYYmXK awurnas. YBC Hyyp O33pX HyypblH KOHBEKL,
TYYHTON X0nbooTon Me30 MacliTabblH Xyhnpaa, KOHBEKTMB Y33rfviH LUMHXUIITI,
3areapunarnbir Xumx rynuaTras.

WRF 3arBapblH CUMynSuUMAH yp AOYH Hb XMWAM3N AaryynbiH 3yprudr awuvrnad
xaHranttan gexyy 6anraa Hb 6atnargcaH. 3arsapunanbiH Yp AYHA aHanNmM3 XUmK OSoH
yncoeliH  xypang xananuyymk, WoS/Scopus caHg GypTrontan  catryyng 63antrax
X3BNyyncaH. Laawwma TooH 3arBapblH TyxanWH Oyc HyTart TOXMpyyrcaH TOXMproor
alwmrnaH yynapxar rasap gaxb 0yc HyTrMiH 3arBapunang awurnax, yp AyHr uaawgbiH
MYH3MMAPYYIICAH cyganraaHg xaparnax, 6yc HyTrMiH cumynsu, araap MaHanbiH Me30
MacLTabblH NPOLIECC, TOOH 3arBap 33par XMY33NyyAd4 X3parnax 60noMKTON.

TooH 3arBapblH TyxanH GyC HyTarT TOXMpyyrncaH TOXMProor awimrnaH yynapxar
raszap gaxb 6yc HyTrMH 3arBapynang awwurnaxoir 3eBnex 6aviHa. QHAXyy cyganraa Hb
Hyyp-araap MaHAnbiH XapunuaH YAn4Ynanumr TOOH 3areapbiH apraap cyafiax TOMOOXOH
axnblH axnan 6a yaawwg 6yc HyTrMMH Me30 MaclwTabbliH NPOLECCMINH Tanaap cyadanraa
XUAX3L, Aapaax 3eBNeMX XYpryyrk 6anHa. YyHa:

— Xuman garyynbiH M3433N3r, pe-aHanu3 M3433, Me30 MacluTabblH 3arsapuyniarnbiH yp
OYHr awurnad yynapxar raspblH TOMOOXOH HYYypyyAblH Me30 MacliTabblH KOHBEKTMB
Xynrnpaa yycax Hexuesn, OUHaMUKWUWH cydanraar Xumx. XydTan canxu, KOHBEKTUB Xyp
TyHagac yycax MaragnanbiH OyH LUWMHXUNIG3, 34r33p Yy33ranuiiH Tanaapxu cTaTUCTUK
M3433nnunr 6un 6onrox.

— Xunman garyynbiH M34393, pe-aHanu3 M3433, Me30 MaclTabblH 3arBapynanbiH yp AyHT
awwurnaH yynapxar Oyc HyTar gax TOMOOXOH ycaH caH Oyxui raspbliH araapblH
unpkynauuir cygnax: 6pms canxu 6a katabart ypcran, ynuprnbliH AWHAMUK, XYYTIW
canxuwHbl 4aBTaMXKXUUI cyanax.

— [JaBcapxar HyypblH AyraaHbl ropuM, HYypblH MOCHUW rOpUMA Y3YYIaX AaBCKUNTbIH
Heneernen, TYYHWA araap MaHgantanh xapunuaH YANYNanuur cyanaxblH Tyng Tyc
cyAanraaHg awurrnacaH mMe3o MacwTabblH 3arBapunansir awmrnax 60nomMxTon.

— Xuman garyynbiH M3433, pe-aHanvsa Maa39, Me3o MacluTabblH 3arsapynanbiH Yp OyHr
alwmrnaH XMAMarn YCHbl TOMOOXOH 6aunryynamx 6yxun 6yc Hytart mMe3o MacliTabbliH
Y33raJSIMNH Hexuen, XenknuiH AuHaMukunr cyanax. CanxuHbl 3pc TAC ropuM, XaT Xyp
TyHagac opox maragnarnbiH YHIMAraar TooH 3arsap 6onoH 6ycag apra 3yr, M3493NnMnr
awmrnaH xmmx 60nomxTomn
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Key Points:

e We conducted two 15-yr cloud-resolving simulations to investigate how Lake Baikal
affects summertime surface precipitation over it

e A decrease in air temperature weakens convection over the lake, reducing precipitation
by 13% as well as water vapor amount

o Itis essential to consider complex interactions among clouds, radiation, and lake surfaces
to characterize the lake effects
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Lake-Atmosphere Interactions in the Mongolian Great Lakes
and the Baikal Lake
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Abstract/ Lakes influence the regional atmosphere through modifying thermodynamic characteristics.
This study examines the effects of lakes in the Mongolian Great Lakes region and the Baikal lake on
summertime meteorological parameters using the Weather Research and Forecasting (WRF) model. Diur-
nal variations in the lakes” impact on the atmosphere are found through changing the surface energy budg-
et, which includes changes in sensible and latent heat fluxes. The changes in heat fluxes cause relatively
lower surface temperature which leads to a shallow boundary layer over the lake surfaces. Greater heat
capacity in water bodies compared to grasslands causes slower heating and cooling rates in the lakes. The
amplitude of air temperature over the lake surfaces is smaller than that over the grasslands. Lakes promote
diverging winds near the ground, furthermore, tend to stabilize the overlying atmosphere in the summer-
time.

Keywords: lake; atmosphere; interaction; Mongolian Great Lakes; numerical simulation;

Introduction

One of the important factors determining the regional climate is the presence
of the lakes. Interactions between the lake and atmosphere through exchanging
heat, water vapor, and momentum fluxes [1] define the regional climate and weath-
er. Atmospheric circulations in the surrounding region are affected by lakes through
differences in thermal and frictional properties between lake and land surfaces [2].

Numerous numerical studies focused on lake-atmosphere interactions. Notaro
et al. [3] studied the impacts of the Laurentian Great Lakes on regional climate by
conducting numerical simulations with and without lakes and presented the de-
creased (increased) sea-level pressure in autumn-winter (summer), weakened cold-
season cyclones and increased (decreased) turbulent fluxes during the cold (warm)
season due to the presence of the lakes. Thiery et al. [4] have conducted simulations
using the Weather Research and Forecasting (WRF) model to investigate the ef-
fects of African Great Lakes on regional climate and revealed that the daytime
cooling by lakes modifies the dynamics and stability of the regional atmospheric
condition.

Satellite data shows the reduced precipitation on and surrounding lakes (e. g.,
Baikal lake) in the summertime (Figs. 1, 2). Dynamic interactions between lakes
and atmosphere should be conducted in order to explain the importance of the lakes
in atmospheric circulations through assessing the changes in meteorological param-
eters.

The Mongolian Great Lakes depression region is an important basin generally
in semi-arid areas which includes over 300 lakes. The lake-atmosphere interactions
in the Great Lakes depression region are likely to modify the atmospheric boundary
layer and there is a lack of its investigation through numerical methods. This study
investigates the impacts of lakes in the summertime in the Mongolian Great Lakes
region on some meteorological parameters.
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Fig. 1. Precipitation rate in mm/day over Mongolia and its surrounding region
constructed from the ERA-Interim
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Fig. 2. Precipitation rate constructed from the PERSIANN data

Data and Methods

The lakes-atmosphere interactions in the Mongolian Great Lakes depression
region are investigated using the WRF model version 3.6.1 [5]. The numerical sim-
ulations are set up with three domains with 100x90, 145x127, and 202x172 grid
points and horizontal grid spacing of 27, 9, and 3 km, respectively. The Great
Lakes depression region is situated in the innermost domain (Fig. 3). The initial and
boundary conditions are taken from National Center for Environmental Prediction
(NCEP) reanalysis data. The simulation results for the one-month summer period
are used for the analysis.
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Fig. 3. Daily variations of (a) sensible heat flux, (b) temperature at 2 m, and (c) boundary layer
height averaged over the lake areas in the LAKE and NOLAKE simulations

The lake-atmosphere interactions and impacts of the lake on regional weather
are tested comparing two simulations — the original case (“LAKE” experiment) and
the case without lakes in the Great Lakes region (“NOLAKE” experiment). The
performance of the model simulation is assessed by comparing LAKE simulation
results to ERA-Interim products for temperature and sea-level pressure with a hori-
zontal resolution of 0.75%0.75°.

Results and Discussions

The daily variations of sensible heat flux, temperature at 2 m, and boundary
layer height averaged over the lakes in the Great Lakes basin in the LAKE and
NOLAKE simulations are shown in fig. 4. The sensible heat flux in the NOLAKE
simulation is greater than that in the LAKE simulation which is in agreement with
Notaro et al. [3]. The grassland surfaces in the NOLAKE simulation heat up faster
than the lake surface, where the heat is absorbed by a thick mixed layer, which in
turn leads to the cooler lakes” surface. In the NOLAKE simulation, the greater sen-
sible heat fluxes over the grassland surfaces result in the greater temperature at 2 m
compared to the LAKE simulation. Grasslands in the NOLAKE simulation reach the
maximum of ~26.7 °C while the lakes in the LAKE simulation reach the maximum of
~15.2°C. Moreover, larger temperature amplitude is found in the grassland surfaces
than the lake surfaces highlighting the absorption of heat by water. The boundary layer
over the grasslands in the NOLAKE simulations is convective during the daytime, in
contrast, the cool lakes in the LAKE simulation stabilize the overlying atmosphere.
The boundary layer height varies diurnally reaching ~663 m in average in the
NOLAKE simulation while it is nearly steady in the LAKE simulation.
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Figure 4 shows the mean difference in temperature at 2 m, water vapor mix-
ing ratio vertically averaged within lowest ~100 m layer above the surface, wind
fields, and boundary layer height between the LAKE and NOLAKE simulations to
explore the horizontal characteristics of the impacts of lakes on meteorological pa-
rameters. The lakes are significantly cooler with an average difference of ~8.7°C.
Reduced water vapor mixing ratio over the lakes in the LAKE simulation is ac-
companied by suppressed evaporation from the cool water surfaces which is partly
in agreement with the results by Notaro et al. [3]. The reduced precipitation and
evaporation are caused by the Great Lakes in the summertime. The area with re-
duced water vapor is seen as far as ~200 km away from the lakes. Winds are di-
verged due to the presence of the lakes. Thinned boundary layer height over the
lakes is associated with reduced sensible heat flux, cooler air over the lakes. These
features resemble those found in the Laurentian Great Lakes, USA [3].

() Whaler vapor mixing ridio

e

- e - e e
APBLH {m|

L3
amr
~ L ~ R - B =730 500 -450 300 -150 O o
Fig. 4. Differences in (a) temperature at 2 m, (b) water vapor mixing ratio within ~100 m
layer above the surface, (c) wind speed, and (d) planetary boundary layer height between
the LAKE NOLAKE simulations
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This paper presents the results of a case-study of lake-effect circulation over Lake Baikal in
December 2012, when the lake surface was still almost free from ice. The most spectacular
manifestation of lake effect was a mesoscale vortex over the northern part of the lake. The
analysis of this phenomenon is based on satellite observations, in-situ measurements, as well
as on mesoscale numerical modeling with the WRF-ARW model. The model reproduced well
the time and location of the vortex observed, correctly featuring cloud structures and time
course of meteorological parameters near the surface, though it was less accurate reproducing
precipitation due to some space shift between observed and simulated landfall location.
Sensitivity experiments revealed the role of the warm lake surface and orography in the vortex
generation and intensification. Unlike vortices over the American Great Lakes, where orography
is small and the main reasons of vortex formation are breeze circulation and diabatic heat fluxes
from the surface, considered Baikal vortex was formed primarily due to orography-induced
convergence. Orography generated conducive conditions for local winds and breeze circulation
and to a large extent formed unstable temperature stratification due to partial blocking of the
incoming flow. KEYWORDS: Mesoscale vortex; lake-effect precipitation; WRF-ARW; vorticity.

Citation: Shestakova, A. A. and Repina I. A. (2021), Mesoscale vortex over Lake Baikal: A case-study, Russ.
J. Earth. Sci., 21, ES5001, doi:10.2205/2021ES000763.

1. Introduction itation are common on the southern coast of the
Caspian Sea [Ghafarian et al., 2017; Khoshakhlagh

Many different forms of organized convective clo- €t al., 2016; Shestakova and Toropov, 2021].

uds can be seen from space over the ice-free lakes
during the cold season — separate convective clouds,
roll convection, shoreline bands and finally meso-
scale vortices (or mesocyclones) [Laird and Kris-
tovich, 2004]. Such phenomena are described in
detail over the American Great Lakes [Forbes and
Merritt, 1984; Laird, 1999; Laird and Kristovich,
2004; Pease et al., 1988]. In Russia, such phe-
nomena are expected over large lakes (Onega and
Ladoga Lakes, Lake Baikal), which, due to their
size and depth, are not covered with ice in the be-
ginning of winter. Wintertime lake-effect precip-

LA. M. Obukhov Institute of Atmospheric Physics
RAS, Moscow, Russia

Copyright 2021 by the Geophysical Center RAS.
http://rjes.wdcb.ru/doi/2021 ES000763-res. html

ES5001

From a scientific and practical point of view,
the most interesting circulations are mesoscale vor-
tices, which may be associated with heavy precip-
itation [Pease et al., 1988]. The mechanisms of
formation of such lake vortices are usually simi-
lar to those for polar lows and tropical cyclones.
Generation and intensification of any vortex can be
considered from the point of view of the vorticity
equation:

0
% =V + f)-
P g
WD _acy -
Owdv  dwdu 1
(am 0z oy 82) &3 /?Vpr @)

where ¢ — vertical component of relative vorticity,
f — Coriolis parameter, v — horizontal wind vec-
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cyclone over Lake Baikal in December 2012 were
considered mostly based on numerical modeling us-
ing the WRF-ARW model.

Mesoscale vortex with a diameter of about 60
km, corresponding to meso-3 scale, occurred over
the northern half of Lake Baikal under the influence
of two factors, that are heat and moisture fluxes
from the ice-free lake surface (lake effect) and orog-
raphy. Numerical experiments showed that, in the
absence of at least one of these factors, the mesocy-
clone is not formed. In the experiment with ERA5
reanalysis used as initial and boundary conditions,
the northern half of the lake was covered with ice
(due to incorrect ice in ERAS for this case) and
convection was suppressed. However, although this
experiment was very different from observations,
weak near-surface vortices in the northern part of
the lake were still formed, which indicates the im-
portant role of orography in this process.

Development of this mesocyclone can be descri-
bed as follows. Orography around the lake creates
a flow convergence over the lake due to the con-
vergence of orographic flows characteristic of Lake
Baikal, as well as due to the fact that the breeze
circulation is not disturbed by the background flow
due to the partial flow blocking by mountains. As
a result, an area of low pressure and upward mo-
tions is formed over the lake. Thus, this vortex
originated from the so-called shear vortex (due to
horizontal wind shear), and therefore the vortex
was barotropic. At the same time, the intensifi-
cation of upward motions in the vortex is possible
due to unstable temperature stratification, which
is largely formed under the influence of orography
(due to blocking of the incoming flow by moun-
tains), as well as due to local mesoscale advection
of air heated by turbulent heat exchange with the
lake surface in the lower layer, and also due to an
increase in the downward long-wave radiation un-
der the clouds and the release of condensation heat
in the clouds.

The values of the convective available potential
energy in our case were rather small; therefore,
the cloudiness outside the vortex had a small ver-
tical scale and the amount of precipitation was
small. Inside the vortex, where, according to simu-
lations, the snowfall intensity reached 20 mm/3 h,
the growth of deep convection was caused by forced
upward motions due to flow convergence. This
means that one should not expect heavy precipi-

SHESTAKOVA AND REPINA: MESOSCALE VORTEX
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tation associated with the lake-effect clouds over
Lake Baikal under conditions similar to those con-
sidered here, unless a mesocyclone or at least a
convergence zone has formed.

Although we are studying only one case, this
case is typical for this time of year. Indeed, west-
erly and northwesterly winds prevail over Lake
Baikal at the beginning of winter at altitudes above
850-hPa level. Due to the great temperature dif-
ference between the unfrozen lake and the cold
land, a monsoon (or breeze) circulation used to
form, which contributes to the development of lo-
cal winds. Therefore, the greatest frequency of
strong local winds occurs from October to De-
cember [Savinova, 1977], before the lake surface
is covered with ice. The high frequency of local
circulations of the northwestern type according to
[Savinova, 1977] creates prerequisites for a high fre-
quency of vortex in the northern half of Lake Baikal
(in the area of Svyatoj Nos Peninsula) at this time
of the year. Additional studies of lake vortices fre-
quency over Baikal from satellite data and simula-
tions are required to confirm these speculations.

Finally, we would like to emphasize the practi-
cal conclusion drawn from the results of this work.
The WRF-ARW model can be recommended for
regional forecasting of mesoscale circulations over
Lake Baikal. Meteorological parameters at the sta-
tions and cloud features are reproduced quite ac-
curately in the control experiment. The time and
place of mesocyclone appearance in the model gen-
erally coincides with the observed ones, although
some space shift of the cyclone landfall in the model
led to an inaccurate reproduction of the amount of
precipitation. The spatial resolution of the model
must be high, at least 5 km [Naydenov, 2015], in
order to reproduce all orographic flows, since the
vortex is very sensitive to orography. The lake sur-
face temperature in the initial data is also a key
parameter, since the inadequacy of the LST leads
to a complete failure in the precipitation forecast
(Figure 6).
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ABSTRACT

Ulaanbaatar, the capital city of Mongolia, has occasionally been considered the most polluted city in the world.
Approximately 46% of the population resides in Ulaanbaatar, and over half of the population living in ger (traditional yurt
dwelling) areas consumes raw coal, which leads to an increase in ambient air pollutants. The Government of Mongolia took
a series of actions to reduce air pollution; one was the ban on the consumption of raw coal beginning on 15 May 2019. In
this study, improvement in particulate matter (PM) air quality was shortly studied by assessing the hourly data for the last
six years, from January 2014 to February 2020. The analysis exhibited a major improvement in PM concentrations during
the 2019-2020 winter in Ulaanbaatar. The average PM concentrations clearly exhibited a decreasing trend in November
2019-February 2020 compared to the previous five years. The maximum PMs and PMo concentrations were reduced to
46% and 55%, respectively, compared to the mean maximum values of the previous five years. The most prominent
occurrence frequency of PM concentrations shifted to a lower concentration range. Although a PM pollution reduction was
seen during the 2019-2020 winter, further air quality improvement can be obtained by taking a set of multiple actions with
accurate planning management.

Keywords: Particulate matter; Improvement in air quality; Reductions in PM concentrations; Ulaanbaatar; Mongolia.

INTRODUCTION

Ulaanbaatar, the capital city of Mongolia, is situated in a
dome valley located at a high altitude of ~1300 m above sea
level and is far from any coast. Due to its location, Ulaanbaatar
is known as the coldest capital in the World. It is a home of
over 1.5 million people which is around 46% of the population
(Mongolian Statistical Information Service, 2020). Sixty
percent of its population resides in ger areas which usually
consumes raw coal and wood for heating and cooking
purposes in the cold season. Pollutants are emitted from
various sources including over 200,000 ger households,
mainly using small stoves, ~3000 heat-only boilers (HOBs),
4 power plants, over 500 thousand vehicles, and other
sources. Based on the analysis of pollutants in PM collected

“ Corresponding author.
Tel.: +976-77307730(3208); Fax: +976-11315631
E-mail address: soyolerdene@seas.num.edu.mn

for 20042008 in Ulaanbaatar, coal combustion processes are
largely responsible for fine particle air pollution during
winter. Major sources of coarse particle air pollution are
crustal matter and coal combustion (Davy et al., 2011). In
addition to the pollutant emission sources, the weather
condition with temperature inversions under the Siberian
high-pressure system (Ganbat and Baik, 2016) plays
important role in air pollution in winter. Wintertime air
pollution in Ulaanbaatar has been widely noted during the
past ~15 years (Guttikunda, 2007; Guttikunda et al., 2013;
Ganbat and Baik, 2016).

For years, air pollution was a severe problem in winter,
reaching values many times higher than the recommendations
of the World Health Organization (WHO) guidelines. For
instance, during December 2009-February 2010, the mean
PM, 5 concentration was 171 pg m 3, with a maximum 24-h

value reaching 766 ug m in Ulaanbaatar (Wang et al., 2018)
which was 3.4 and 6.8 times higher than the 24-h average
national air pollution standard level of PM, 5 according to the
National Air Quality Standard MNS 4585:2016 of Mongolia
(50 pg m for the 24-h average) and WHO guideline level

@ Copyright The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are cited.
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PM concentrations in Ulaanbaatar, Mongolia, for January
2014-February 2020. Pronounced seasonal and diurnal
patterns were found for PM» s and PM;, concentrations. The
concentrations were the highest in cold months. Bimodal
daily peaks of PM concentrations were observed.

The PM, s and PM, concentrations in the ambient air of
Ulaanbaatar during the 2019-2020 winter were different
than those of the previous winters. The data obtained from
the national air quality monitoring network showed large
and significant reductions of 46% and 55% in the maximum
PM, 5 and PM;o concentrations in Ulaanbaatar, respectively.
It became evident that the number of heavily polluted days
was substantially reduced during the 2019-2020 winter
compared to the winters of the previous five years.

This study proposes several directions for further research.
Pollution source apportionment and emission inventories
will hopefully change in accordance with the replacement of
raw coal by briquette fuel. The modified emission inventory
can be used in future forecasting and modeling works.
Studies on relevant benefits from the improvement in air
quality are expected to be considered. Additionally, high-
resolution spatial variations in air pollution should be
investigated to suggest air pollution reduction measures.
Although PM concentration levels were reduced as a result
of resources, due to an enormous investment of time, and
will, but still far exceed international recommendations, and
further air quality improvement may occur after taking a set
of multiple actions with accurate planning management.
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ABSTRACT

For the last decades, Mongolia has seen an extensive escalation in population growth, urbanization,
and industrialization, together with great increase in mining and usage of vehicles. As a result, a
substantial increase has taken place in the types and number of emission sources of air pollutants,
especially in urban areas. During the cold season, air pollution level in Ulaanbaatar, the capital of
Mongolia, is frequently ranked as the highest in the world. However, due to the lack of air quality
management, the country is suffering from a deterioration of air quality.

Despite the worse air pollution situation, due to insufficient research capacity of the country,
to date, research works on characteristics of air pollution have mainly been based on current
capability and/or collaboration with foreign institutes. The research gap in this area necessitates
numerous investigations, which could have great importance in developing mitigating strategies
and minimizing the adverse impact of air pollution on local and regional scales. This paper reviews
previously available studies and reports in international scientific journals on air quality in
Mongolia. Based on the existing research works, future needs of studies on ambient air pollution
in Mongolia are suggested.

Keywords: Air pollution, Literature overview, Ulaanbaatar, Mongolia, Further research
recommendations

1 INTRODUCTION

Asian countries have experienced substantial growth in development and urbanization coupled
with increases in energy use and transportation in recent decades (Moran and Kanemoto, 2016;
Bilgili et al., 2017; Li et al., 2017). A considerable increase has occurred in the number and types
of emission sources of air pollutants in Asia (Moran and Kanemoto, 2016; Li et al., 2017). As a
result, air pollution has emerged as a significant threat to the environment, quality of life, and
health of the inhabitants in Asia, especially in developing countries where emission control
system and strategies are not usually well established (Liu et al., 2016; Moran and Kanemoto,
2016). Mongolia is one of the most rapidly developing countries in the world. As an East Asian
country located between China and Russia, it is known for pristine environments with largely
empty grassland, cold winters, and nomadic traditional culture. After the transition from a socialist
system during the Soviet Union to democratic system in the beginning of the 1990s, urbanization,
population growth, industrialization, and transportation development accelerated and created
various environmental stresses in both urban and rural areas in the country (Warburton et al.,
2013; Pfeiffer et al., 2015; Fan et al., 2016; Batsaikhan et al., 2018). Especially in recent years,
Mongolia has become known for one of the world’s worst air in the winter months (Davy et al.,
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concentration and the chemistry (ions, metals, EC/OC) of the TSP, PMyo and PM,.s components,
however, frequent updates are essential. It is already known that an increase in NO; is closely
associated with an increase in the number of vehicles. Sulfur dioxide (SO,) emission is mainly
associated with coal combustion and partly with transport activities. Compared to a growing
number of air quality studies in Ulaanbaatar, the air quality studies in other provinces are still
limited. The findings on the urban air quality studies in Mongolia informs several directions for
future research.
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Acceptance Letter

Paper 1D: ISCSET 2022 - 17

Paper: Resulis of simulations of atmosphere-lake interactions using numerical model

Dear Dr. Danaa Ganbat,

on conclusion of the review process, we arc pleased to inform wou that your paper above noted 1s
ACCEPTED for ORAL presentation and PUBLICATION at Intemational Symposium on Computer
Science, Computer Engincering and Educational technology (ISCSET 2022) from 24™ to 26" October,
2022 in Tashkent, Uzbekistan.

We sincerely welcome you to present your research in ISCSET 2022.

This year publication will be special issue of ESS online journal from our German partner university.
Therefore, you need to submit your work via online tool to journal.

https://www.bibliothek.tu-chemnitz.de/ojs/index.php/es

After registration to online journal, vou can read all guidance how should submit your paper to publication.
More sure case after that you should send .doc file to journal manager: utu@ hre. tu-chemniiz.de

Publication is free. Please do not hesitate to contact o organizers of ISCSET 2022 by sending to email:
iriskulovaelmiraf@emuni.uz

Again congratulations on the acceptance of your paper. On behalf of the Program Committee, we look
forward to your personal participation in the ISCSET 2022 in Tashkent.

Yours Smeerely,

W ENU UNIVERSITY

Associate prof. Dr. Elmira lrnskulova

Behalf of Program Committee of

ISCSET 2022
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24/10/2022 Chair : Prof. Dr. Munkhbold Badarch

10.00* — 10.30*

Joining conference and peer netwarking

10.30 - 10.35

Welcome Message
Prof. Dr. Aslfbek Gaybullaev
EMU! University, Uzhekistan

10.40 - 10.45

Greetings from TUC, Germany
Prof. Dr. Dr. h. c. Wolfram Hardt
Chemnitz University of Technology, Germany

10.50 - 10.55

from MUST, Mongolla
Prof. Dr. Ganbat Danas
A ; versity of Sci and Technology, M ;

11.00 - 11.05

Greetings from NSTU, Russfa
Dr. Ivan Reva
Novosihirsk State Technical University, Russia

11.10- 11.15

Greetings from HUST, China
Prof., Dr. Halbin Wu
Hartin Uiniversity of Soence and Technology, China

11.20 - 11.25

Greetings from ENU, Kazakhstan
Assoc. Prof. Dr. Zakirova Alma
LN, Gumilyov Eurasian National University, Kazakhstan

11.30-11.35

"Introduction to ISCSET history”

Prof. Dr. Dr. h. c. Uranchimeg
Chemaitz University of Technology, Germany

11.40-11.45

"Introduction to EMU University”
Elmira Irfskulfova
EMU University, Lizhelistan

Session 1: Computer Engineering. Chair: Prof. Dr. Dr. h. c. Uranchimeg Tudevdagva

11.50-12.10

Invited Speech

A Move! Projection Distortion Correction Method on Pabient's Body Surface™
Kalyang Xu

Harbin University of Science and Technology, China

12.10-12.30

“Tree Detection and [ocalization Approach for Ld-based Forest fnspection ™
Batbayar Battseren MSc.
Chemnitz University of Technology, Germany

12.30 - 12.50

" Using Computer Engineening to Study Real Solutions of Scalarized Black Holes
Abdirasuiova ™

Mokiigul Abdirasufova

EML University, Uizhekistan
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12.50 - 13.10

“Solving Problems of Choosing Optimal Parameters and Balancing the Load of Virtua!
Subsystems M5

Nurmatova Sevara

EML University, Uzbekistan

13.10 - 13.30

“Temperature sensitivity test of FBG cascade microstructure fiber™
Chf Ly
Harbin University of Soience and Technology, China

13.30 - 13.50

Results of simulations of atmosphere-lake inferactions using numerical mode/
Prof, Dr. Ganbat Danas
Mongofian University of Stience and Technology, Mongalia

14.10 - 15.30

Lunch

Session 2: Computer Science and Educational Technologies I. Chair: Prof. Dr. Zakirova Alma

15.30 - 15.50

“Importance of technalogy in teaching spedial ferminology to medical students”
Sagatova Shakhnoza
EMU Uimiversity, Lizbekistan

15.50 — 16.10

“Platforms for improving student and parbicipant engagement online™
Nizamova Khilola
EMU Uimiversity, Lizhekistan

16.10 - 16.30

Implementation of Profect-Based Learming for Freshmen in Online Learming During
COVID-19 Pandemic”

Dr. Battulgas Nasanfargal

Grerman-Mongolian fnstitute of Technology, Mongolia

16.30 — 16.50

“Analysis of sucoess factors of E-Learming”™
Sumfidmas Tumurchudur
Mongofian University of Soence and Technalogy, Mongolia

16.50 — 17.10

“FPGA Based Speech Separation using IPD Featurnes™
Andre Bihle. MSc.
Chemnitz LUiniversity of Technology, Germmany

17.10-17.30

Invited Speech

“TUC DriveCiowd - 4 doud platform for recorging and accessing test drive daia”
Dipl. Inf. Rene Bergeit

Chemnitz Liniversity of Technology, Germany

17.30 - 18:00

Steering committes meeting on Issues of 2023

At feast ane responsible person from each Fartner uiversity showd be on time to this
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Thuesday

| 25/10/2022

Session 3: Computer Science and Educational Technologies II. Chair: Prof. Dr. Ganbat
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| Jaining conference and peer netwaorking
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Invited Talk

“Application and Challenges for Realtime Audio Signal Processing ™
Dipl. Inf. Rene Schmidt

Chemmitz Liniversity of Technalogy, Germany

“Pesign and implementation of infeligent vegetable recognition system basad o
deep learming ™

Linlin Yang

Harhin University of Technology, Ching

09.50 - 10.10

Wiff based indoor localization using neural networks
Behzrod Mukhiddinov
Wehster University in Tashkent, Uzbekistan

10.10 - 10.30

"Ab initio study of the effect of Co, N doping on Thre2 compournds”
Yue Yuan
Harbin University of Science and Technology, Ching

10.30 - 10.50

“Evaluation of Data Senalization Formats for Reliable Data Sharing Mechanism ™
Fatlh Killc. M.5¢c
Chemnitz Uiniversity of Technology, Germany

10.50 - 11.10

“Reimagining learming Hhrough digital transformation and partnershijp™
Munkhbold Badarch
Wehster University in Tashkent, Uzbekistan

11.10 - 11.30

“The importance of using information technologies in the develooment of medical
education”™

Elmira Suyunova

EMLU University, Lizbekistan

11.30 - 11.50

“Digital leaming and transforming education”™
Dr. Buyandelger Banzragch
Mongolian National Institute for Education Research, Mongolia

11.50 - 12.10

“The impact on learming motivetion of spatial abilty development learming modef and
inferactive dynamic fools™

Suvd Erdenechimeag

Mongolian University of Science and Technology, Mongolia

12,10 -12.30

“Study Resuits of the e-Leaming Readiness of Mongolian Students™
Munkhbat Sharvanramis
Mongofian National Institute for Education Reseanah, Mongolia
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Marcin Dembowskl
Oxford University Press, Poland
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Mongolian University of Soence and Technology, Mongolia

14.50 - 15.10

"The imationality of digital medicine: AT / ML/ DP / VR in practice”
Inna Bondareva
HE, Moscow, Russia

15.10 - 15.30

Tlanyv Yang
Harbin Unversity of Scence and Technology, China

15.30 — 15.50

“User Inferface Design of Humanoid Robot at Library: Case of Chemnitz University of
Technolfogy™

Gantogoo Oyunbat B.Sc.

Chemnitz University of Technology, Gemmany

15:50 — 16:10

“Current Situation and Prospects of Higher Education of Engineening and Technology

in Mongolia
Nyamsuren Boloo
Mongolian Nationa! Institute for Education Reseanch, Mongola

16:10 — 16:30

“Impact of talent management on employee’s pay and compensations ™
Narantsatral

Mongofizn Liniversity of Soence and Technology, Mongolia
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Coffee Break
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Session 4: Master class. Chair: Elmira Iriskulova
Session only for local participants
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Prof. Dr. Dr. h. c. Uranchimeg Tudevdagva
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7. Embedded Self Organizing Systems oHnanH catryynuiH 2022 oxbl Vol 9. No3
ayraapbiH 37-38 XyyaacT TOBY eryynan XaBryyscaH.

Embedded Self Ovganizing Systems (Vol 9. No 3. 2022) jpp.37-38)

Embedded Selforganizing Systems

Special Issue Topic: “International Symposium on Computer Science and Educational Technology *

Results of Simulations of Atmosphere-lake
Interactions Using Numerical Model

Ganbat Danaa
Open Education Center
Mongolinn University of Science and Technology (MUST),
Ulsanbastar, Modagolia
E-mail: gaisbatdir must edu snn

Absrracr—Lakes infloence the regional atmosphere throogh
madilving thermodynamic characteristies. This study examines
the effects of the Baikal lake on metesrobogical parameters in
summertime vsing the numerical model. Diornal variations n
the lakes' Impact on the atmosphere are foonnd throogh
changing the surface energy budget, which includes changes in
sensible and latent heat Nuxes. The changes in beat Mluxes cawse
relatively lower surface temperature which leads to a shallow
boundary layer over the lnke surfaces. Greater beat capacity in
witer bodies compared to grasslands causes slower heating and
cooling rates in the lakes. The amplitude of alr temperature aver
thet lake surfaces is smaller than that over the grasslands. Lakes
promate diverging winds near the ground, Turthermore, tend to
stabilize the overlving atmosphere in the summer ime.

Keywords—uinrerical simiaitirion;
Interaction;

lake-atmasphere;

I. INTRODUCTION

Numerical modeling approach is widely used to design and
simulate in various fields including atmorsphere and its
underlying surface [1]. In some regions, the presence of lakes
play important role i determining the regional climaie.
Interactions  between the lake and atmosphere through
exchanging heat, water vapor, and momentum fluxes [2]
define the regional climate and weather. Atmosphenc
circulations in the surrounding region are affected by lakes
through differences m thermal and frictional properties
between loke and land surfaces [3].

Numerical studies examined lake-atmosphere interactions.
the impacts of the Laurentian Great Lakes on regional climate
studied by MNotaro et al. [4] conducting numerical simulations
with and without lakes. The results presented the decreased
(mereased) sea-level pressure in mutumm-winter (summer),
weakened cold-season cyclones and increased (decreased)
turbulent fluxes durmg the cold (warm) season due to the
presence of the lakes. the Weather Research and Forecasting
(WRF) model used to investigate the effects of African Great
Lakes on regional climate and revealed that the daytime
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cooling by lakes modifies the dynamics and stability of the
regional atmospheric condition [4].

Setellite datn shows the reduced precipitation on and
surrounding lakes {e.g.. Baikal lake) in the summertime.
Dynamic interactions between lakes and atmosphere should
be conducted in order to explain the importance of the lakes
in atmosphenc circulations through assessing the changes in
meteorological parameters. This study investigates  the
impacts of lakes in the summertime in the Batkal Lake region
on some meteorological parameters.

1. METHODOLOGY

Simulations are conducted using the WRF moded [5]. It is
an open-source, atmospheric dynamical modeling svstem
designed for both research and numerical prediction.
Interactions of lake-atmosphere over the Baikal Lake region
(Fig. 1} are investigated. The numerical simulstions are set
up with three domains, The mitial and boundary conditions
are taken from Mational Center for Environmental Prediction
(MCEP) reanalysis data. The lake-atmosphere interactions
and mmpacts of the lake on regionel weather are tested
comparing two simulstions — the original case (“LAKE"
experiment) and the case without lakes in the Baikal Loke
region (“NOLAKE™ experiment ).

Spatial and temporal vanations of varous parameters arc
examined. Figure 2 shows the difference between the two
simulations. This explores the horizontal impacts of lakes on
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The lakes are significantly cooler and reduced water vapor
mixing ratio over the lakes m the LAKE simulaton 1s
pocompanied by suppressed evaporation from the cool water
surfaces which is partly in agreement with the results by
Notaro et al. [3]. The reduced precipitation and evaporation
are caused by the Baikal Lakes in the summertime. Thinned
boundary layer height over the lake » associaled wath
reduced sensible heat flux, cooler air over the lakes.
Temporal variations of impacts of lakes on some near-surface
parameters are explored and will be presented o the

presentaticn.
IV, ConcLusions

Numerical simulations are conducted to examine the lake-
atmosphere mterachions. The domain srea surrounding the
Baikal lake was chosen and summertime case 15 examined.
Two distinct cases with and without the lake were run to
illustrate the impacts of lake on surrounding region.
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On the basis of satellite data and the results of a numerical simulation with the WRF-ARW model, cases of
L . mesoscale circulation over Lake Uvs-Nuur, Mongolia, in November 2016 were analyzed. During this period of
Number 5 time, when the surface of the lake was not yet completely covered with ice, a stable mesoscale vortex was

observed for several days — a clear evidence of the lake effect. Regardiess of the initial data, the adapted
archive model reproduced the time and location of the observed vortex with a good accuracy, correctly representing

the structure of clouds and the time course of meteorological parameters near the surface, although it
reproduced precipitation somewhat less accurately. Sensitivity experiments revealed the role of the warm lake
surface and orography in the formation and enhancement of vortex. The orography near Uvs-Nuur is sufficient
to create favorable conditions for local wind and breeze circulation, and it largely formed unstable temperature
Find stratification due to partial blocking of the oncoming flow, playing a predominant role in the genesis of the

_3 vortex due to orographically induced convergence.
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MesomacwTabublid BUXpL Hag o3epom YGcy-Hyp (Yec-Hyyp):
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‘fep.uﬂun—jmauwu& IHCTHUIRYIT PECYPCOS I INEXiaroful
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Ha ochome CTOYTIOKDENY AZOILE 0 00 PETVALTITAM TACACHISNTD BOCOCMHNCHENG MO AIges
m WREF-ARW npommanmpomnu coman scloMacrmbooh. oapeymnnm nas oa. ¥ocy- Hyp

(¥nc: Hyyph, Mosmoans, n nostpe 0116 r. B 3ror mposescy oK npescm, Korma IoncpEincT. sy
EINE 19 NECTHDCTESD T EPASRUER E TLI0M, MECENTLED Il b manscy FUTisi EmE | S SIS i b

HEIN BREPL — SEENE OpaHEDsme osEpoone Mo Hesannomheo o Saanms Danems A

TINPOIEICHER MU CRACIMARIE STyl MONek SP0ED SOCHRmMrnoInn Apesl i MecTOMHEKEHISE
HARERE MG IR, OPARITLERD OTROPRE CTPYETYPY COAR KON I BPec HAm KO0 METEMp0anrs -
NECKHE MAMGIMETPOE BEMIIE DOSSPAHOCTIL, XOTH 1 IECEXTLED MEHOE TOUHD INCIPaICSOaIi e

. “hoCIEPIMERT I [0 SYDCTHRTC TLHOCTIE AL POOL TENN NOBSRsnocT o pe 1 oporpadune
s obpasomamm | yoscennn moope i, Oporpass G Yocoy-Hyp opormoraes nne comanmn fomrn-
IFISTHEX YOADHIE AN SECTI nETponon 18 Gpasosyil Onpuynsino, i O B IS ETeTLIE N O

nenn PMIpSsIE HEFCTIHITISVE TEMIERTYPH N CTPETRSEIHD 5l CHET TaCTRYMHOD G090 K6 -
PONAHIE MAGCMAENDETD TOTOKE, WP TREMMYEIECTREINVEY POk B (HODSASaNHE MRS 10 CHET
oporpEiEnocEn LT IHPUE N HOO] KOS PrE I,

Krmerenise caomar ucioascoma o amxpe. wcacmoe msaeenpommne, WREF-ARW. ¥&o-Hwp.
CIHRITLIOCTL

Omobpenia kneaana 3LO7 22
DOk 1022 1 0482070 T40%- 202 2-15-5- 30317

Beegeune

Hiw cuodorruMin 0To Taan 03Epasil B ROUETHOE Bl TOTa MOEHD R INANTS MesmMacimTain e
BIXH — MedoapiactoHR. ocienonmue o SHANRI TAKHY ARVEHME dpeBaralHG AKTYARH, 10-
CRITRECY M TIPHROTHT K AHTTEARMOAY VECIHE HIH HHTRHCHRHOCTH GCATIOR, 3 TICEE BOTMOMN-
HO TGRIEHEE TPYVTHE IECTPCAATRHLN MOPNIHEN COOMTIRA Ha Nobepeise, KAk, Halpiuep, G
MOESEHO 198 aMepiiaHcEny Bemacix osép 1 pabore (Labnd, Kristowvich, 2004y ivin oo, Baficn
u iy [ Shestakova, Bepees, 3021},

Han kpyi LW 038pasi, KOTOPRE B CHAY CHOMK PaIMepon 1 MyhnHG He BOEpREBANTCA T8I0
B KOHIE OCSHI — HAMLAE ikl BCACICTHING OIdpHoro dijeiTa (PopsinpyioTes MEseMacurTalibme
(B MBEACHMOCTIE OT padsepa odepa nposeepeio o7 10 go 10000 { Laked. 19990 wapicy s Mo wue-
Ay obpaoERHINL OHEL CXOM0H ¢ TAKOBLMIL N1 IMUIAPHIEN MEIOUNKION0E H TROMMECKIn 1i-
KNOHGE. MOTOKN CKPRITONS TeIUin aa cabr sonnpdcaunn b obnaeay (Bepesessckas Creniten ko,
2006; Charmey, Elassen, 1964) o noBepyHoc THEG TeUioodsief 5 coeT TY plyIeHTHER MOTOR0E TEm-
Ik OpK VEEHPEHIEN ckopoctid setpa o winmone (Emandel, Romana, 1989, OchnoaHym poik 2wl
MXPeH HAL 0%epoN HIPLKT TYPIYNeHTRE Temaes: noTory {Laind, 1999 odpatosarse obummpag
MPCASCNNIHT T coaibou BeTpe 1 ciabou BeprusannHoM caeiie serpa (Forbes, Merra, 1984), npa
BOAHHEHOSEHUN B WiMHee Bpeus moyboxoll wosieeunn. Moapodso amanmns eoHORHRY BCTOMHHEDE
SEBHXPEHBOCTH A0 MERMaciuTahHaey BHxpeil A osepos LA npoeeacs & pabore (Shestakova,

306 CoRDisAtisme npotnnks J133 41 eoosoca, 188, 2037
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Repina, 2215, Ha npiistepe 03, bafikan nokasaio, Wit NOMIAMD DS IHCIEHHEY BEIHE MEGIHN-
apdB, DOLIIDE WEMAHEE B EX9CCTHE IH LN PYREEETD UETopn MMeeT opodpiuding i MecTHRE BeTpR.
OMMENPYREINTESS H MOCMETICCKIN CHEMELY TYeThie 00 THEE CHMLIEHHA He DR BRI Shi-
HYEDSHHEN KPYTIROMACIHTAMEN DOTREON BTV 58 areoe pHEN (pOHTAL IWTH cooboToi
KOHEECIRI (a8 3To oOarTHD (AT SeToM B cpedHin mpoTax). Beins neemnens Tperal Ty -
LA CHAD LN MHMUIHALHI KOMESIUHE — BEpTika ThHele SEAKEHIA B UEHTHE HEpl 133~ 18 CHoe-
Hidl mace. B crom oiepeih, DepEGHIMATRELN MACCORY] KOFREPICHILNE O0ec I EEATACE e [TYH0-
K0l J0OHBEKIHE Bl adepost {HEIMPHMERD, 18 CHET BRSCTeHII TEIUIOTEL KOMSe e, MoCKOTLKY
rayGos KOHBEKITNN $elE ATopUIHG] Mo OTHOINEFHIT K apio, & oporpaduiedl. [Lna noamsepaae-
HEA FTOM FHIO0TEIR GhlaH DROEESEHE UHLTEHHE RCIepibeHTE Ha o0 G oporpadin, B ki
ool e 30LINCI0H OTCYTCTEOEAY, B HIcTodise HocSe S0 TR0l JRCTbepiMeHT Tasae DyaeT
nponetds 1na od, ¥oey-Hyp.

Conéroe oo ¥ooy-Hyp saxoanren Ba cesepe Mosromms ma rpasioue ¢ Pocemioond Desepa-
UHM, B OAMECTORN MECTHOCTH B SETSETER KPYTIHES S [IasiiM MetoBoIHE S BOdoduion (I
mank 3350 ku’). Koamsar b GacceRHe Goepa peIko- KOHTUHEHTATRHEE ¢ MUTRM TON0BRIM KOTHYE-
CTEOM OCuTKen {143 My} B SRPEECHHLEM POOOEREM N00M TCMIZPATYPL BV {CPETHE Tesne-
parypa st ones X C, aneap — sikye 12 °C),

Mereopoaoririec ke CTIHUNN 1 NOCTH B GUPECTHOETIL 030pd DpRkTINeCKH OTCYTETHYKT —
DA METEOPUIONIPIECKAA CTAHLNE YIaAros pacioEosEess B paccToanHn Gomee M.
Oeligngyyae bl HAME 10 COYVTHIDONENE JaHHLIM MEIMEarUTTOHLI BHApL, SReTOIHS HOpaOipyse-
miefica Hay o ¥ocy- Hyp B oceesinli mepason {Penmma n op, 2020, Crenasesko i ap, 0%, oxa-
TRIBAET CYLISCTRCHENE BMIHEE HA dopuMpoE IS Bl IGpokl 1, BEPOHTHO, TI0 AHAROIL
¢ Bensmousn Asepaicanceiis oxEpasn ( Fodses, Merrin, 1984), Npadocin SKCTpeMi IhHEE DCLiK,
HO HAATH DA Meorpadiidecios INcAHIEE TTON0 RICHASR HAM e YIAA0CE, TP TOM MT0 &0 Do
HTOPHEMOCTE W BONATHEAIINN TOPa1s0 Donse ARHEN, DM ¥ I0A0GHEX SREHILN Ha AMepHKIHCKIIN
avsipay, Hempocratok mrifopseain off ONacHER NOCIESCTHHAS 3TO00 Co0MTHA CHATAH, NPeEle bee-
10, & OTCYTCTIsE M OGN HIR B PernoHe aiepa

Clapa iy pened jadodl pedoTnd cocToNT B OHEHKE KOMCCTHE MOJSTHPORIHINE 03EpHBD Lip-
Ky il Han o1 ¥hey-Hyp © Bcnionssonasues sie30acin TadEo i MoOen if npe patksy Hauk-
HEN M TREHIMHLY PEIORIEIN, ST0 IMSROTIT YAVIIINTE KSUSCTEO NPOrHOAa Meo0HEN SETEHAE.
Mokatadn, T L0 Ipordos) BOHNEROBZHRN i EI2H TR TAGN WHKTOHE VIoldo te-
MO I0BATE CIHPAILHOCTE BOCKOTRIING Tnickesiil (aves. updemit heleiov). Mid mpame R Moseis
WERF-ARW janer. Weather Research and Forecasing — Advanced Research WRF), mopowio spe-
Klkhbs HAOESRUTYER cel8 N NporHoampo s o100k cobermi & gpyrx peruodas. Ha opiase-
e CUHOTO OV TPOMEIL A TR BIIEHEE OPOrpadio 1f TEMIEpaTyVhbl NOSEPNHCTH 038 1
MENAHH AR OOPASOHAHIE MEIOIEEEHE Ban Yocy-Hypou., Yrobu swmupepedilnposaTs B0 irmee
opoipadiin i ospiero wikEokTa Ha dopMiposaEne BEnpE, DeUTH MPOBEIEHE IONLUTHITELHE
AKCTLPNMEHTE 10 MYBCTRIMTENLHOCTIE MDA,

JanHme 1 meTogs

B accTEe oeHOBHOND BCTOMHITKD G HEE 0 ODIaussocTse L8 BRARSHI M T0MacarTabod -
Ky Han oo ¥ocey-Hyp nenoiemeanisch isodgame HIlN creKTpaikioi puikoeetpa MODIS
{oaze. Moderate Resolution Imaging Spectroradiometer) oo coyrameos Terra, Agqua, o TaxEe co
coyTHikon Seminel-24, Landsmi-f Hwlpaaenus ooecTymHa 0o cckimoan biops: )/ fworld  view.
carthdatn nasa gov/ B lnps) ladsweb modaps eoddiz nasa govy . T SDicaeHHOM0 MOLETIAPAELEIN
SEIMACIITATHMN IRy nanl Ouas muipass OTEPLTH ICCICIOBITETECIGHL HETIWPOCTATHIE
cias weioMacinTabsing araocdepaan soneas WRF-ARW (neoomoosanick sepea 410w 4.1.3)
{Shkamarock et al., 20095,

MogemdpopaHEe DEOBOTIUKMCE TN nepweda © 19 3ekafpa mo 30 wosbpa 2061, Koraa
N0 CHYTHEKOERIM CHMMGEM DR oDHEPYREHE MEMOMacTatHIe KoMBekTHEHL] iyelica. Pacaér-
Hebe ohaacTi (puc. £, oud e 38} ¢ pnoseasng ceriasn (540 540 woq ¢ umaross 9 s, 210219 K

Copowan Tpofiness 133 w3 koowoca, 194, 2003 a7
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coamroal 3o, D51=0151 ea o marosd | ) e 38 sepToeankHen yporHei 10 srooti b 000
C0 CTVAEHREW B IOTPGHIFTHOM ool B ecTse HainsHe I TRAHHTHLN TAFRHLY HETO0LS06 3L
o peanamaaa TSR {muee Climate Forecast Sysiem Reanalysist MWCEP (arer Mokl Ceners
lor Envirenmemal Predicton  Hansodans il eemp a8anori S ey Mporsion) o 08 peaHnE-
13 ERAS. [Lna mepaodl ofRacTii BCMOILM0RANOCE COBKTPLILHOE CMEULEHIE (ouer. spectral nudgines)
11 araocie iy norpanirmes caoes (ATTC). B oertpe obasc pacnonoscso oa. Yioy-Hyvp —
O0LEKT HecaesnEiHmL BRARnEH Aonorammeaheii Gaok pacaita osdp. L mapasie iHasaiiim -
TREHHYEGTO wid npameress coesa Mellor-Yemada MNakanishi and Mino Level 2.5 PEL ama napa-
METPAIANNN NpaEEEMED chos — cxena Nakanishl and Niino PBL'S surface toyer scheme, RRTMG
scheme (oues, Rapld Badiative Tromsfer Model for General, sonan sepoas RETM) a RETMG shon-
wave REEpAHE A OAPEMETPRIZUNN ATHHHOBOAHOBORD W KOPOTKOAOTHORG S Iy oepie. [
IARAETIAAEN AN uHOCTIE | BHCIEE AN GONaeTE) AadpaEa cxeua Kanea — Ppirmmn (are. Kain-
Frinch schense), Mg mapaseTpusasium TYPOYISITTHOGCTH OPHMHATL CxeMa NpocTodl adudrane ¢ Bse-
UTRIOBAHILM IEVNMEPHOND MeToda | oodsfuiumest K onpeieiaetoil TOmhen € HeriBIoun M
TopiaHTUsEel Jedopscinn ), WRE Single-Monient b-class schense npasescHs 1o napase-
Tpisann MuEpodunel, Moab land-surface model — LN EAPAMETRASALTIN DAREMETIE IEA0H01
MOBEPAHOCTH,

BE BN SN W W BT T e

gy ey —1 1
BFE TR EFE WY T B WE

.

Pur. | Ofinacn sogesnponamm, mar coren 9.3, 1 mrer nocoanast sscoTy oporpadum (D MeTpax s

yposnem mops]. B npanos mmxacs vy snobpaxncia OIS ohiacTs MOOEnNponanEe © mmros 1ok
¢ ox ¥eoy-Hyp — obeeorom mocnenonsames. Mozens WRF-ARY. 19-30 noetpa 2006 .

Baang  nposedcHo  THH  UHCOEHHBE - SECHEpUMenTs. B MoHTPOMUEOM  SECTMpMMEHTE
(WRF-CFS¢2) b morecTae AOMAILHEY § FPEHHTHEDN YoRomMid icnoakioaared peadainy CFSaA
(e, Climate Forecast System versdon 2 (Sohs et al M0 1 ¢ niaros noe spessesn 6 9 Bropoil aee-
RepaseeHT (Hasgaanedl WRF-ERAS) Gun nposenden ¢ peadamizos ERAS (Copemicus Climate
Change Service (C35), X107, ERAS) ¢ speweasis s 3. THiieHi TEMIEpaTyill TOBEpKHO-
CTH D3P B ITIK IHYE POAHATHEN B PACCMATPHEAGMOM STV 128 CHAkMo pasiimannes: b ERAS Tem-
EpaTy A oecrentacs sioe, e B CFSv2) moamie sea 10 °C (pure. 2, e 0 300, Takws obpaaos, 311
Ok SOOI T ORI HATPA R e TOUREO S HLMERICHAE BT I S TOHITER ICR0SHIEN
DAHHLE, HO M B EAKOR-TO CTENeHd Ba BesOoHCTPAIID oA TEmiodo oaepd (aapiaro wikheicra)
B oA EEH I OOV A IR M0 W0 MAC I Tl RO LIy THIH L

Tperioh secmepimedat (PLANE) otmraice or WHF-ERAS Tonkko Tes, 910 BEICOTD ofa-
rpadiin B oGO0y DoMeliax DR CIUThHO CIMAMeHs S0 vpoaad sopl CpaabeHMme J0Cnepise o
WHRF-CFSv), WRF-ERAS n PLAME manpansedo s Bsaiiiesisg poa oporprudine o (sopsiipds -
HIE I OO PR HH L ARy el

308 COBDiAHEss Npotnevsd 133 3 wocwaca, 188, 3032
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M) Lr=wl, norok Terena © noeepspocTa (B ) (a-e) 0 07:00 UTC janz. Coomlinated Universal Time, noe-
MEpHOE Kopannapomnnsoe spesasl 12 wonbpe X016 e CFSv2 {a, 2), ERAS (6, &) m 8 sxcnepsisenme © ot
cyrornney oporpadun (e, ¢, War comor — 10w Magens WRF-ARW
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Pur. 3. Teonmimm ofitrunoome 1ma oo, ¥icy-Hyp: @ — 19uostpe. HHbr., Sentinel-24; § — 30 woutips
MMbr., MODMNS: & — 22 wowbpa X016 ., Sentmel-24; 7 — 26 nowbpe M006 1., Landmt-8: d — 38 poabps
2oi6 ., MODIS: ¢ — ¥ peatpa 2 6r., MODIS

Pur. 4. Coaspacamees naammwaorn mapn, sy ceepry. Cirse sanmms, Corpay &m — MosesTiE npessenn (HE-
M UTC, mar — 1 =wac, 12 woubps 200 6-r. Moacos, WEF 4.1.2 [lar cerem — 10001 se. Peamammo CFSe2

310 Conpewsstaes npobnevs 033 M1 wocsoc, 154, 2023
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Ha pire. ¥ {esa. e 3000 nokasus ciyTHEKoERE cHmmin 19, 30, 22 36, 3 M0 nosdpa 201671
Ha srns Hoodpaersigy BIUTHL SBOIHILIN KOHIE KTHEHOR e, KOTopas OepuaHeHTHE I w0
BpeyA obpasoEREIacs A Yiley- Hypos, SeoS0ien BIKpa 1 peayasTaras SHCIeiHar sogein-
POBIHIENE B KONTpOIkHOM McnepasseiTe WREF-CFSv noocasaria wa pue, f (ew. ¢ 310) ama 32 po-
A 216 1., roe BUTHD XNOPOLELT KOPPeTALa co CIyTHIEKO BN inobproe Hisem. Flueeixa ma ose-
oMl MPAKTIMEEKH He SRITALSCE, 9oy, MPEATLENTERHG, CIeoBETEORALA OpOIpadiil MeCTHO-
CTH I OEPYTIAN OpsE CAMOra 03ep.
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FPur. 5. Bpemonnee pand (oacoxy swar) cyssEpnod] STENCITRIOCTE OCIIKie, IRVIMETPHEE0N TESnERITY

FOIAYED, OTROCATEALHDE mBnXperemocTi {ga—af; npodunmn seprasaasnd ceopocTn @), Jecnepasen-

T WRF-CFS¢2 (o, b, WEF-ERAS {4, df, PLANE (s, £)- 22 nosipa 3016 r. Wl ceren — 10800 0 Mogems
WEF-ARW {mrinme: oxomsmme o s e M2
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Peaynetatel Mogenmpoeadua. [JMHAMUKS BUXPA B COOTBETCTBHA C OaHHBIMK
M PE3YNLTATAME YHCNEHHBX IKCNEPUMEHTOE HA NpUMEpe
22 woRbpA 2016 .

Mesmsacumadumit Eaxph, olHIpVACHHLEN HE CIYTHUEOBIM CHUMKE 11 Hoalpa, B ROHTRUILHOM
el pHMEHTe GR NOOHGCTRE BOCOPOIREANH MOALIRK, ST0 NOGnEeHde Raralo K Hafooaae-
wiongy (el pue, ). Bipesas ofinagnan CcHcTeMn mean JopaMy «3a0aTos ¢ conyTeTEVKAIAME &1
Apein =AM VAN ¥ CERCPEOTD OGO, KOTOREE NOPOiio BIEIVATIYHEVIOT 1efCrHise
ICTO BOIHHEARIONE HA [PARELE TR EOHBEETHHHEY H'el aoMicil Taliey BOIepesTHIIS
CTPVETYY, 4 B DerTpe Sean Be0eH «rixde niopl. Bubacsinms Bpevs mOHKHGBEER BN T CITYT-
HILOEED HAGNBOACHIEM € CYTOPLHEN BPEMeHHEM PEIPCLUICHIIEAM STPYAHNTENEHG, NOSToMY LH-
My dopAHPOBEEHIN ME3MCOITAEDN QIPIYLEINGT B COMYTC THY MU KANMATIMECKHY TRICH
MpoBenis 0 peiILTETAM MHCIEHHOM MOIEAHpoEaHIE. HMeHB0 MesoaeacirmaGHll BHAM MOWeT
OFHECHITE CHEMOMAS OT YMEPEHINONG 00 CUIBHOEG W G IeE-T0MNCHRS 0003, CMOTETEpoRiHH R
B MOMEHT EOHTpOARHOM 3kenepinaciirs WRF-CFS2 (poe. 5, cw. 2. 3111, nockonsicy B 910 Bpeai
i GhLo clmoarTaricciony ipposmon. (o pacifTas, CyMMapHal HHTEBCHIHOCTL GCAIKoD B ST0M Mo
ST AOHE NOCTHIANS sl ocepassd 7 amse 30 2 0 (e, poc. S,

Ecnu olcya3nms pesyinrard Molciiposnsnd seciepivedtor WRF-CFS2 u WREF-ERAS
€ HCNOARIOEIHIEM MoETopHLx amaansos CFSe) n ERAS coomhercTisiHe B KaiecTse AInik-
HEIX B TREHAMHRY YCOOsi 198 MO poEtan, To SRYHO, 910 MOSHTE B2 BOCIHOH BOTILR ME-
MLHECIOHEE B HX TM00HOA PasRHTEH B 3kcnepusents WREF-ERAS: paxps nooyesen Go3ee caa-
fean, NPpeANGADEITERIN HCIZACTHEE MeHBISCH TeMIEPATYL [OSEANHOCTH B AKCIEPHMEHTE
WEF-EBRAS {ow. e 1, W0 H HTOM NOATIALIG HA MHTEHCHEROCTE BAXPE il OCOZK0E Ha NoDepesse
(sl par. Sa. F W OCATGGE. TEMIDEPATYPL I AasixpeimoeTi). Kpoume Toro, NpeeeyTeTuyeT cuelie-
HEE HEEPE OTHOCH TS LHO e HUIETITON KOHTpMILHOMS skcnepisenta WHEF-CFEvE n ey DR
WIOHPE e HAIL, TT0 ROPOIHD JMETHD Ha puc. & (o ¢ 313 no noTmo cropocTin BErpd.

iz CoBnsesaass npodncyed 033 41 woowoca, 1RE, 2007
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Pur_ . Tiose cxnpocTa BeTpa (0—a) @ CEEPATAADCTE BN norokos fupdaif helkcity) {2-e) 8 Ssomepa-

senmax WREF-CFSv2 (o, 2z}, WRF-ERAS {f, 7}, PLANE (s, e 22 noetpe 2016 r., 07:00 UTC. IWar cetian —
10K wr. Moae, WRF-ARW
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B 1o e Bpess MeBMOMKI0H GLLT BOCOPOITBesE & ooy Cynaay, Toram KaK AN 3Henepi-
MEHTE € MCkAngcHEes oporpadjum PLANE gosmecTuEHyEy dUeilky CuaielisiuTs Be YAIniors,
HAGTED AN VLI OEPORATNCE CTAGME s TROAICIITAGHIE OpINOBSEHOCTHERES BUNPH, SR
Mpol WEIHIec B Doy olnason (e He NoKasaiod, erpa (o, puc. 6), TeMmepaTypad (o,
prec. By Ocankos B ITOM CHYHEE HE DPOTHOENPORLIOCE (oM. pirc. Sa). Tensosodl moTox & obowx cay-
iy A fanduy ERAS (sccnepuamenr WRE-ERAS u PLANE) 3 maausmemunod crefenn Gein
HELKE [T © Henoasiosmuiie aasany CFS2 {ow pue. ), 070 DpHESei € oTcy TOTHIN CICTEM
rayioKod KOs Boofinpe W MeIHETOHE B EcTincTh & sscnepaneeate FLANE Tasomne of-
PAROM, NPEHMYIIECTHO Heliorhiosannn muniy CF3vE B paines coyane He BRIRIBIET COMHEHAI.
Bk A poEiTs BT AR TS EKPH Y0088 ¢ M0aiism CITHPATLHOCTH (e puc. §).

Mopemiporaiie BRARILG TN0E BeiOILume 3OS 30CTYIRGN mOTeHINGLILHOE 3Heprim
soHBeciin (anad. Convective Available Potentinl Enengy — CAPE) (pe mogasadn) B scnepiaeH-
e WRF-CF52 » resenne peero sminnoan. Tak ek amdocdepiue poaTe AOX000TIECE RS0
O 03, KO0 DOIHIKALE BIKPI, TO BMECTO BLHYMICHHOM0 KPYTIHOMACUSTAGHO O [TLEME Bo-
ayxi Hi aTMOCiepHBN QPOHTAS 0T cuoboTEnH KosBeiin Asevine i cinodl Gel BepTHEL G-
HEdE JEICECHAN B DEHTPS EUND §03-3 CXOETEHIN MACT B PEIyALTATe oporpaipin [Lna noamepane-
Hitd 3rodl rmoTeisl G ecnoikoEss sscnepisserT PLANE S oporpaduti. & EOTORGGE b 3K6H-
KUOH OTCYTCTRORIL.

Bomsrone apodpadiiinl NPOARIATOCE, HPEEAE DOEMD, B KOHBEPICHIIN DOTOROE HAL (hdpoM,
AT MOPOAELN0 ALY CIBHTOEYN ZpnxpediocTy. OcobesHocTi oporpalaiil Moo cehepe
i iare ¥Yoey-Hypa cipopyipopinil BeTd B oporpsfaimecks ofpannaHom KopHIopes (o, puc. d).
Brbiconcise Topid I0ATTH N 0TS0 TUI0KIROEATH XU IR BOXNYY, oy ¢ tanans. Wusee, rae
HESCOTA TOP VMEHENISETCL, OTAMSEATICS IO - SAMANHEE BTkl CRHOBEIN YparaHiorn T, Koran
METH MECTO M ST, CROPOCTE Halbhe [N DOToR: Gl BRibe, e B DPVIHe HH, I N-
PAKTE[ BCTPOR B OTH DA 0500 Dall AleHh CNOE! B0 BOCTORE 038P8 — YMEPEHHD CILILHER M HIR
BETER, TOT XE BETEf — HA WIS 032p4 It VIKHE CTPYH S ENY BETPOE B COMETAHHN & VMEPpEHH LI
CoBepHIM BETHOM — B CEBSPHON eTiE, TaKos coeTinnge MecTHRED, BETPOE, »CTEKANNDES K 0HY,
MPHBEDG K BONHK0ETHIED BHXP TEpA CTOAKHOBEHIN ST oporpmedureciy noTokns. CionbHL
BETEP RECTYNRET HelaaronpuaTHss §ukropos (Mpe OpOSiE PAORHEY YCMOEEAK) 198 obpaas-
L OGEPHEN RHXPeR, TAK KAK HOHOBRRE TEICHIA HAPVILAWT GPRI0BYE: WHPAYTErmy. OTHOWE Hise
CROPOCTH DOTOES K VTR, DpoilicsHoMY BOTOROM HiLi 03epos |K paccToaiiee of Depera Jo MecTs
BOAHIEHOBEHIE BIKPAE )L HANOMIIOCH B NPELeiay MIANANH, YEPAKTePROro L 03 pHUY RHYpeil
iLatrd, Krizowich, J004) Oporpaduis, cOOTESTCTEEHND, JEEANTEILE MOTVINPOELS A0S BT,
ATD HECIHGS 10 Opod§uiies seprikaisioi ceopocti (o, mec. S5, o).

JaknwueHe

Hacvomusee nocucaokaime, HACKONLION HAM WEBCCTHE, RNEPNLIC KACAETCH QRATHIE B MONEITp-
B 03EpHGI KOHBCEINAN 1) CRHRHHEN ¢ Bell aesnuacinTadsuy UHPEyEHER 1 SoHBeKTHRHOE
ageibon #a o3, Vocy-Hyp, Tesesne, pasenmee o STeATHHOCENHA MEI0IHEOHS B Hoabpe 2016 1.
PACCMOTEEHE TIPEHMYISCTBEHIED 1A OCHOME MHCIEHBON MOSLTHPGEAHIN © BCTOILEAHEEM M-
oo WHEF-ARW. Kodespredima TeUsHAA N0 RTHEHASM MECTHEIX OPOrpaifaiieckHly ocode HE-
CTel MpMELIHT K BO3HAKHOBHI0 BEPTHEATLHN SEEc il B3 CET CXOaNMOCTH (0 VPARH K
HepaprEHoeTd ). Oporpadin — OCHOEHON TREITE AHE] FeHERAlng e IHEIoHa. KOTE IMEHHD
oapHE A sduferiT (DOT0S TEICIA B BAAME 00 CEOGOIHON OTO AL MOSCPYHOCTH 098 ) NOIBOIEET
PALENTLCA BN I CRCEIHHIM ¢ HIIM KOHBCKTHEHKM 050acas. IepoHHEE S0 NepIAsEHTI o~
EATATH, ST P VUeHLEHHN TTORDR Tea dopuapyered Dosee cualail B, NP oTeyTeTERL
OO Praiing; see 30O HE BOCTIPI 3BT,

XoTd M HIVIEUTIE TOTLED OUEH 38500, Ok THINDRH 8 0epabonn qupuiposiHing B
NoEpeEL, EoTophdl B cayaae Yoey- Hypa npemomsmes s Boedps — estafps. Pasmrmie STors sesi-
LINRA0HS MOGHS OINEGYTE CAETYMMIAM Ofpaao. Dporpaduin BOKpyT oleps c0aaadT KOHBEPre HIHK
MOTHEN HAl HHM 3 0987 KeHBSPIeHIIN OporpalEfeckii NDTEK0E, B PEIyIARTATe Hay ouwposi of-
PaIyeTER OTECTE OIS HINTO JARTEHHE 11 BOCN DI, Tese i Takus ofpuesl, 3107 Exph

314 Coopowaiess Npobneus 33 4l kocwoca, 1R, 2057
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BOGHHKSET H3-3 TOPHIOHTATRHOIO COBIA BeTpd, & WHTeHCH{MICLEN BOCXOARINY TRECHIE
B HUAPe BOIMGEHA 01-38 Beyeralunoll Teuneparypaoll crpariipaansn, Gopaupyanefcn B sHi-
ST TR CTEMEHN MO0 BINSRREM OpOTRdL & TRICKE 113-30 TYPOYIEHTAOIO TEMEOMBMEH, ¢ fo-
BEPEHOCTEND Ocfia b HIDoes choe. BuyTpi Brxpa. rae, 00 pacidras. CyMMapHml IRTEHCINEB0CTE
OEATKeR EpepsnnaeT T a2 o, poct mybokol KoHnesInis o0y CIonwieH HrHYRDE HHEM B Xoii-
ALINESEN SRV HIMIN 38 CHET CNOMLEHINT THITOK0E.

Pli-s Doskinof paisBiikl TesHIEpaTyVh MESIY HELmeepaasdiiiy 0lepost il WodoaHod oy-
weft dopsEpyeTcd HEioRad WHPKYASLII, KOTOPAd CROcOoBCTEVET PAIBITHEY MECTHRIX BETPOS,
CiumsHmil BeTep papvinaeT GpnoRyvio DIy I, IoIToMY Il HEM BEpdTHOCTE Do KHOBE-
HEH EOHRESTHERON 202 AKX SHAMHTETLHO CHHEICTOE, KAK 3T0 POl 300 B JECIepRMEHTE & Be-
KVCCTBesEHG CHERewHod oporpadiieil. Haxoden, sl xorTean Gkl Mo epEHyTE IPakTHecitil Bu-
o, COEEMHEN 0 PEWILTATOR HoCTOuLEeH POGOTLL, B COHTEKETE YBETWERHINN TOMIGCTH OG-
38 1 CROPOCTH IEAsHTHgw e mesomaciorabnoi nnpommmi. Mozens WRF-ARW womet fume
Pk HIOERHE [LTA [SC0HLTRHOND TMMTHOED We OMACHTTADHEN WHPAYIALNR FLl OEpaME B Dop-
HOM Peibeifs penTIRTETH LEHTPATRHOG YOO PHIMEHTA ¢ A0CTAT IR0 CTENehE TOMHOCTI Bepi-
dUIIHPORAHLE (10 CIYTHHEOREM IBodpaneiinay. Kaneentimil MapuseTpase, oTheTeTEEHHLMIE 18

rOpMIEPOBAHIC RAXPL. PCICTAEISRTCA TEMIEPATYPS NOBEPNHOCTI 357 Il peitey sSecTHOCTIL

PaloTa seRINOIREHD TPH MoLsepsae Pocomfcoro o GyHIRWeHTATRHEN Foe poaasni,
TpanT Mo 19-55-440108
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Mesoscale vortex over Uvs-Nuur: analysis and numerical simulation

N.V. Vazaeva "%, L A. Repina ¥, A A. Shestakova ', G. Ganbat *

LA M, Obukhov Inginte of Atmospheric Physics RAS, Moscow 119017, Ruvsio
E-mail> vazoevame@ifaran i
? Bouman Moscow State Techmical Umniversity, Mosoow TSNS, Rusoa

* Research Compuring Center of Lomonosov Mascow State University
Moscaw 19901, Russia

4 German- Mongolian Institute for Resources and Technology
Ulaagnbaaiar 153160, Mongolie

On the basis of saleilite dain and the resalts of 2 nomerncal simudaton with the WRF-AREW model. ms-
es of mesoscale coralatsn over Lake Uss-Muur, Mongolia, i Bovember 206 were analyred. During
this period of Gme, when Lhe sarface of the lake was nob yet completely covered with ice, a siable meso-
scale voriex wis ohserved for several days — a clear evidence of the ke effect. Regardbess of the initml
daia, the adapied model reprodoced the time nnd kocation of ibe observed yorex with a good sooumcy,
coarectly representing the stmocture of diouds and tbe time course of meteorological paameters near
the sudace, although @ reproduced precipitation somewhiat less accumtely. Sensithvity cxpenments re-
vealed the mle of the warm Inke surface and orogmaphy in the frmateon and enbancement of e
The orograpiy near Live-Mor is sufficient to creale frorble condinons for local wind and beeeze cir-
culation, and it largely formed unstable tempeniure simitfication doe 1o partial blocking of the on-
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