YucneHHoe moaennpoBaHme
Me30MacLUTabHbIX aTMOCEPHbIX
NpoLECCOB



3agayuu

Atmospheric forcing for the Black Sea circulation models
« 1. Operative forecast
« 2. Regional reanalysis

e 3. Case studies

Science
4. Study mesoscale phenomena

Other applications
5. wind power stations
6. aviation
/. air pollution etc.



OnepaTnBHbIN 5-CYyTOYHbIW NPOrHO3 NoroAbl

Hag YepHbIM MopeMm
http://hydrophys.ru/

MM5 v.3.7 mesoscale model
www.mmm.ucar.edu/mm5/mm5-home.html
Current resolution 10x10km, 23 levels, domain
Input data - Global Forecast System -0.5x0.5 GFS
PARAMETERIZATION SCHEMES:

boundary layer - MRF

soil - 5-layer land surface model

cumulus convection - Grell

radiation - RRTM

moisture - simple ice

shallow convection - off

Wind wave model - WAM. resolution 10x10km

OOZ07SERPZ009 precipitation rate, mm/3hr

21Z0685EP2008 10m wind, m/s

12Z045EF2008 latent heat flux, W/m2
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http://www.mmm.ucar.edu/mm5/mm5-home.html
http://vao.hydrophys.org/domain.gif
http://nomad1.ncep.noaa.gov/cgi-bin/ftp2u_gfs0.5.sh
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[TnaHMpoBaHWE 3KCNEPUMEHTOB C y4EeTOM
onepaTMBHOINO METeoNnporHo3a

11:20727SEP2005 wind 10m

PervoHarnbHbIN onepaTuBHbLIA NPOrHO3
BETPOBOM 06CTAHOBKN Hag YepHbIM
MOPEM Ha 5 CYTOK peryndapHo
OCYLLIECTBIIAETCA B OTAEesNe
B3aMMOLeNCTBUS aTMocdepbl U OKeaHa
MI'A.
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PernoHanbHbI aTMOCEPHLIN peaHanus
B UepHOMOPCKOM permoHe

1) Mogenb MMS5,
2000-2018,
paspelweHue 18 km,
BXOAHble AaHHble — OnepatuBHbin rmobanbHbi aHann3d NCEP/NCAR GDAS

2) Knumatndeckasa permoHarnbHas atmocdepHas moaerns PRECIS,
1959-2002,
paspelwleHne 25 km,
BXOOHble AaHHble - ERA-40

3) Knumatunyeckasa pernoHanbHas atmocdepHasa mogens PRECIS,
1979-2015,
paspewleHne 25 km,
BXOAHble gaHHble - ERA-Interim



Mesoscale phenomena

 Land-sea breeze
« Tropical cyclones, medicanes, polar lows

Orograp hy
Lee waves
« Downslope winds
 Lee vortices
« Anabatic and katabatic flow
« Drainage flow
« Gap flow

Convection

« Single cell storms

« Squall line

*  Multicell storms

« Supercell storms

« Mesoscale convective complex
« Mesoscale convective vortex



bpunsoBas unpkynaums

Land-sea breeze
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Sea breeze depends on
10 key geophysical parameters

Sensible heat flux H
Geostrophic wind 2
Atmospheric stability N
Atmospheric moisture q
Water body dimension d
Terrain height h,
Terrain slope S
Coriolis parameter f
Roughness length Z
Shoreline curvature r

Horizontal scale I
Vertical scale h
Horizontal wind speed u
Vertical wind speed w
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JlnHenHasa Teopus

ﬂ,I/ICI'IepCI/IOHHOe COOTHOLWEeHNne and nHepumnoHHO-rpaBnNTauMOHHbIX BHYTPEHHNX BOJIH

(0 - F2)K2—(N2—? k2 =0

f<w<N -pacnpocTPaHALLNECH BOSHbI

f =2wsin ¢ -napametp Kopvonuca

Bpu3oBas UMpKynaUus — MHEPLIMOHHO-TPaBUTaLMOHHAsA BOMNHA CYyTOYHOWM YacToThl,
reHepupyemMmas Ha NoBepXHOCTU



UncneHHoe mogenupoBaHune~6pmnsoson Lmpkynsauum Hag Kpoimom, WRE
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Quasitropical cyclone in the Black Sea
25-29 september 2005

ManeHbKUn

Kpyrnbin => KBa3UTPOMNYECKUI
OOMrOXMBYLLN

KOHBEKTUBHbIN

Hag TennbIM MOpPEM



Sea Surface Temperature
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YncneHHoe mogenuposaHue, MMS
Central pressure p.,i,(t), azimutal velocity V, ., (t), radius R(t)
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BTopuyHas umpkynsaums

Frictionally-induced secondary circulation

Secondary
circulation
Pressure
gradient
force

Centrifugal and Coriolis forces reduced by friction




YncneHHoe mogenunposaHue, MMS

Azimutal velocity Vy(r,z) radial velocity V(r,z)
vertical velocity w(r,z) angular momentum M(r,z)
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TepMoanHaMunKa
. BlaXXHas (ynpouweHHas)

nepBoe Ha4yarsno
‘ TdS ~ C,dT —Vdp+ Ldg

cyxast

TdS = C,dT —Vdp
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OnpepneneHne CAPE

BepTtunkansHoe 3oHAMpOBaHME EL A EL W
CAPE=g [ ®dz= [ RATdIn p==—->0
|30therm pseudo- menhc-pe uen'rrc-pe mohumes LFC p LFC 2

200

KOHBEKTUBHaA OOCTYMNHasdA
noTeHUMasnibHasa IHeprusa =

paboTa cun nnaBy4ecTu

L
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1) 6osibWwas memnepamypa
Ha HUXHUX YPOBHSIX

% > r i’u 10,16 24 32 40 2) 60nbWwas enaxHocmeb
temperature (K) mixing ratio (9/ka)  ya HUXHUX YPOBHSIX

3) Hu3kasi memnepamypa
Ha cpedHUX YyPOBHSIX



25 CeHTFI6pFI Oy BepTtukanbHble 30HAMPOBaHMSA Haa YepHbIM Mopem
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CISK theory for growth

Convective region

l

Warm air columns

e,

Moisture
convergence feeds
convection

Lower central
PIESSUIC

1

\

Frictional
convergence in
boundary layer

Summary of CISK

Basis of theory:

» Convection organised by frictional moisture

convergence.

 Latent heat release drives the system




YnpolueHHaa moaernb TPONMMYECKOro LIMKIoHa
Emanuel 1986 (WISHE)

MaKcumMaribHaga noteHumanbHag MUHTeHCUBHOCTL MPI
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7a Linkn KapHo
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BTopuyHas umMpkynsiuns B TPONMYECKOM LIMKIOHE,
npencTaBreHHOro Kak naeansHas Tennosas MawvHa KapHo

K0 = T -T, :1_£

T 288.7

S

=16%

Ts - TemnepaTtypa NnoBepxHOCTM MOpPS
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0 ocefaHuu

MakcmumaribHast UHTEHCUBHOCTb LIMKITOHA
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*

Ss 1Sy - BHTPONUS BO3AyXa Ha MOBEPXHOCTN MOPS
W B NOrPaHN4HOM crioe

CpaBHeHWe xapakTepHbIX
napameTpoB TPOMUYECKOro 1 YePHOMOPCKOIO

KBa3nTpPONnnM4eckKoro LMKrnoHoB

6 CmeHe cjlasza
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WISHE theory for growth

Convection warms _‘ -
@,,, Increases

troposphere
Pressure drop near Surface fluxes
centre increase
Pressure gradient > Surface winds
1ncreases Imncrease

Summary of WISHE

System driven by thermodynamic
imbalance between ocean surface and
boundary layer air

Does not need large CAPE.
Surface fluxes organise convection

As surface pressure drops, huge increase n
CAPE.



1)
2)
3)
4)
5)

6)

7)

BJIATONMPUATHDIE YCJIIOBUA
AN pa3BUTUSA KBa3NTPONMYECKOro LIMKIIOHa
Hag YepHbIM MopeMm

TeMmnepaTtypa noBepxHoctn mops T=23°C

napameTp Kopuonuca He paBeH HysmnH0, lWUMpoTa =42°
BbICOKas BNaXHOCTb cpeaHeun Tponocdepsbl
OTCYTCTBME BEPTUKarIbHOro caBura CKOpocTu
oowmpHbIN pe3epByap CAPE

3aTpaBKa:
KOHBepreHuus + LMKNoHn4YecKas 3aBUXPEHHOCTb B HMXXHEM crioe

KOHTpaAcT Mope-cywa?



Cpean3eMHOMOpPCKMe KBasnTponuvyeckme LUKMOHbI

Cyclone with eye over Mediterranean Sea
16 Jan 1995 0930213302




Cpean3eMHOMOpPCKMe KBasnTponuvyeckme LUKMNOHbI uf‘ =,

METS 87 OCT 1995 1138 IR1 D2

Fic. 9. Meteosat satellite images in the infrared bandwidth. Cou
tesy of EUMETSAT, through University of Nottingham. United Kiny e o R R A e L.
dom. (a) At 1130 UTC 7 Oct 1996, the eyelike feature can be see B = v
between Sardinia and the Balearic Islands. (b) At 1500 UTC 8 Oc
the cyclone crossed Sardinia and its eye can be seen to the east «
Sardinia.

Fic. 12. NOAA satellite images in the infrared bandwidth. Courtesy of Dundee Satellite Re-
ceiving Station. The mesocyclonic vortex can be seen over the central-southwestern Tyrrhenian
Sea at (a) 1319 9 Oct and (b) at 1717 9 Oct 1996. A very slow southeastward progression can
be inferred. Notice the well-defined eve.
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N(z)=const
U(z)=const
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[MogBeTpPEHHbLIE BOSHBbI
Lee waves



http://rapidfire.sci.gsfc.nasa.gov/subsets/?subset=AERONET_Sevastopol.2006021.terra.721.1km.jpg

YucneHHoe mMoadennpoBaHme nogBeTepHHbIX BOJH

WRF domains 9 km,
3 km, 1 km

Potential temperature 8(x,p)

05Z21JANZ00G
400

EE T e L L L E R : ........................... : ............................ : .............

P O L S

5 . - : ........................... : ............................ : .............

Vertical velocity w(x.y) o . A ___________________________ _________

Q5Z21JAN2AGE

Ba04 o TR SR R R MR D

asn]- & : : :
700 SRR | ........................... ............................ .............
aa7nq- | . . .

}‘50 ........................... . ........................... . ............................ . .............
44, 4H 3 : .

wml B a0 TS A S oot s . S —

FRETE B gend T YRR TR W W W WA e e Rocooc0a00sess

43.9M ¥ . .

qonpd 1 [ NEEE R e R LR E R R R TR PR R

43.2H : : :

PETIE - o . . . . . ... f660c6000000000000000000000000 . SR - . - . . ol . R S s

4290
1000 ' ' '

41.EH 1 2 Z 4

42301 © 270272 274 276 278 230 282 284 286 287 288 289 200 291 292 253 294 25& 298 300




Profiles
Potential temperature 6(z), wind velocity U(z)
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Linear theory lee waves
A
c2 9 %

2-layer model. Phase velocity

Is equal to the wind speed U at some wave number k

Continuous stratification. Vorticity Taylor-Goldstein equation

Tk po,CthkH + p,

P w
. -
—— + m(z)w = 0,
z-
where w(x, z, 1) = w(z)exp[i(kx — wi)]
vertical wave number m 2 (2) v v
(Scorer parameter) (U—¢y U

m* >0 propagation m® <0 decay
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HOBOpOCCMVICKaﬂ 6opa YucneHHoe mogennpoBaHmne
WRF, 3 BroXeHHbIX AoMeHa, 5kM, 1.67km, 555m

37.6. 377, 37.8.

75 10 12.5

CkopocTb BeTpa, 10m



HoBopoccumnckasi 6opa
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BepTukanbHbIi pa3pes, noTeHumnanbHaa tTemneparypa



HoBopoccumnckasi 6opa
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HoBopoccumnckasa bopa
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Downslope wind

Theory
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Fig. 3.3 Five flow regimes of the transient one-layer shallow water system, based on the two
nondimensional control parameters (F= U/\/JeH, M = hy,/H). (a) Regime A: supercritical
flow. (b) Regime B: flow with both upstream and downstream propagating hydraulic jump.
(c) Regime C: flow with upstream propagating jump and downstream stationary jump,
(d) Regime D: completely blocked flow, and (e) Regime E: subcritical flow. The dashed lines
in (b) and (c) denote transient water surface. In regimes B and C, upstream flow is partially
blocked. (Adapted after Baines 1995 and Durran 1990.)



Katactpodunyeckoe HaBogHEHME
B Kpbimcke 6-7 nionsa 2012

-/ \\,..

Geopotential 500 mb
Temperature 500 mb

6 jul 2012 12:00 UTC
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Ocagku
NCEP/NCAR GFS, paspeweHune 1°x1°
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MporHo3, WRF, paspeweHune 5 km
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MporHo3, WRF, paspeweHne 5 km
45°

HoBopoccunck 275 mm
enenpxumk 283 MM
Kpbimck 171 mm
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BepTukanbHas CKOpocTb, LIBETOM, CM/C
[opu3oHTanbHasi CKOPOCTb, NMUHUK TOKa
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KatacTtpodunueckun wtopm 11 Hosabpsa 2007t
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11 nov 2007
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CKopocTb BeTpa 11 nov 2007 06:00 UTC
NCEP/NCAR GFS, paspelieHne 1°x1° NCEP/NCAR GFS, paspelienune 0.5°x0.5°
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[MporHo3 WRF, pa3peweHue 9x9km
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[1pOrHo3 BeTpoBLIX BOSIH
mopens WAM
paspewieHne 10x10km

BxogHown BeTep —
NCEP/ NCAR GFS, 0.5°x0.5°

11 nov 2007
10:00 UTC
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