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Polar Prediction Project (WWRP/THORPEX) lmRP EX

A World Weather Research Pregramme

Mission Statement

,Promote cooperative international research enabling development of improved
weather and environmental prediction services for the polar regions, on time
scales from hourly to seasonal”

Year of Polar Prediction (YOPP) 2017-2018:

Aims:

* Intensive observational and modelling period to advance polar prediction
capabilities

e Research into forecast-stakeholder interaction

* Enhanced verification

* Education of students and early career scientists

Steering Group meeting of the Polar Prediction Project

(NCAR, Boulder, USA, 1-3 October 2013)



OcHoOBHble Npo6aembl NnapameTpusauui n BocnponsseaeHna Gpusnuecknx
NPOLECCOB B YNC/NEHHDbIX MOAENAX NPOrH03a noroapl

1. Cnoucto-KyuyeBble 06s1aKa co cmewaHHOM pa3om
2. YCTOMYMBDBIN NOrpPaHCION
3. HeopgHopoaHasa noacCTUNAOLWAA NOBEPXHOCTb:

- CHer
- MOPCKOW NneA: pa3Boabs U NOAbIHbWU, CHEXHULbI

4. Me3omacwTtabHble npoueccol (BAMAHMUE LIAra ceTkun):

- cTpyu (deHbl + bapbepHbie BeTpbl + BETPbLI YLLENNN),
- NONAPHbIE ME3OLUMKNOHDI



Cnoucro-KyuyeBble 061aKa co cmewaHHOU Pa3oit B ApKTUKe

bappoy, Anacka, anpensb 2008



TunuyHoe BepTUKaNbHOE CTPOEHue

Height (km)

Radar reflectivity (dBZ)
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MNoBTOpsemocTb 06/1aK0B CO cmellaHHOM ¢a3omn

Occurrence of thin, liquid-bearing clouds (%)
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Cnoucto-Kyuesble 06/1aKka HUXKHEro Apyca co cmelwwaHHou ¢pa3oit B ApKTUKe

XapakTepHble 0cO6eHHOCTH:
* [loBTtopAaemocTb: 40 —55%
* WHTepsan temnepatyp: -40...0°C

* YacTo BO3HUKAOT B YCNOBUAX prI'IHOMaCLLITa6HOl‘;1 ajBseKkunn snarnm, HO He
CBA3adHbl C NPOXOoXKA4EHNEM (I)pOHTOB N UMK/ZTOHOB

* TonwunHa: 0.5—2 Kkm

e XapaKTtepHoe Bpemsa *¥usHm: 1 —10cytok (!!l) - He cmoTpa Ha cuabHyO
HeycTon4mBocTb (Npouecc beprkepoHa-OuHAaaM3eHa)

*  CW/NbHO BAUAIOT HA SHEPreTUYecknin basnaHc NoBEepPXHOCTY:
* YBenunuyeHue npuxoasLlen AIMHHOBONHOBOM paauaLmnm

* [lporpeB NOBEPXHOCTU, YMEHbLUEHNE YCTONYMBOCTU, MOTOKU CKPLITOrO U
ABHoro tensa >0



Mpobnembl, oTMeUeHHble B oT4yeTe paboueii rpynnol

* The description of liquid water below the freezing temperature (often referred to as
super-cooled liquid water ... is often poorly represented in NWP models with
parameterizations that are both qualitatively and quantitatively unsatisfactory.

* Hydrometeor phase conversion speed: An analysis of the AR4/CMIP5 models
indicated that the speed of phase transition is generally too efficient in climate
models and it happens on slower and longer time-scale in reality (persistence of
cloud decks).

* The coupling of parameterizations of the planetary boundary layer, the formation of
clouds (interacting with aerosols and Clouds Condensation Nuclei and Ice Nuclei,
CCN/IN), and the occurrence of convection, is still neither qualitatively nor
qguantitatively satisfactorily represented in present NWP and Climate models.



Mouemy uaKaa ¢pasa He nepexoauT B TBepayto?

KOppEl’IﬂLI,MFI mexay BepTUKaibHbIMU ABUNKEHUAMU U COAEPHKAHUEM KAllEe/lb BOAbl N
KPUCTannose bda B obnakax

LWC [,
........................ Lool) B
IWC ! 1100%
" 0.0
updraft : s -8 km ! downdraft / neutral

Shupe et al., JAS, 2008



NUCcTOYHMKK Bharum

Large-scale
vertical
Grot motion

3
0.5-2 km Dry Moist t

tLr

#t g s ® B
ks ¢ aia.lc_e 3?‘_ ag ®
’ "Preupltatlon ®
e ® 4 o8
# - & = % =
. o & e FY 1
“@ p Y,g - @
% :3 ¢ ® - ' %. 3
=] - i Y " =1 B
el |s *° . 2% |8
o e g * el ® |5

Morrison et al., Nature Geoscience, 2012



PeKomeHpauum, cogepKalumecs B otuere

Evaluate the representation of mixed-phase clouds in NWP and climate models using
observational knowledge readily available, as for instance the SHEBA field campaign
over sea-ice or ice-sheet based observatories such as Dome-Concordia or South Pole.

Large Eddy Simulations (LES) linked with sufficiently realistic surface parameterizations
are advocated as a way forward for enhanced process understanding. A stronger
involvement of large-scale modellers in LES research may be beneficial for ensuring
research uptake for the benefit of NWP.

Substantial research is still needed to understand polar cloud processes.



YCTOMYMBbLIN NOrPAHUYHbIN CI0N

B xonogHoe BpemA roga n Ho4bio:

Atmospheric temperature T

Radiation intercepting/emitting level:

e.g. vegetation canopy, litter layer on top of
bare soil, snow layer, or combination of
these in a heterogeneous configuration

M3 npeseHTaumnun benxapca



Mpobnembl, oTMeueHHble B oT4yeTe paboueit rpynnbi:

The realistic representation of wintertime inversions in a stably stratified atmosphere
in NWP models is often limited by the parameterization of atmospheric vertical
diffusion and surface coupling. Vertical diffusion is generally too strong but reduces

near-surface temperature errors at the expense of realistic vertical moisture, energy
and momentum transport.



TypbyneHTHbIA 06MEH B YCTOMUMBOM NOrPaHUYHOM C/l0€

Boundary Layer Height (m)

Pe3ynbratbl akcnepumeHTa GABLS-1 (Cuxart et al., 2006)
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KoaddunumeHTbl TypbyneHTHOro obmeHa 3aBbllLeHbl B MOAENAX NPOrHO3a Noroga —
YHMBeEpPCanbHble PyHKUMKN OT Yncaa PruyapacoHa ¢ «AIMHHbIM XBOCTOM»



TypbyneHTHbIA 06MEH B YCTOMUMBOM NOrPaHUYHOM C/l0€

KoadpoduueHT TypbyneHTHOro obmeHa B yCTOMYMBOM NOrPaHUYHOM C/10€ OYEeHb

yAOOHbIN cnocob «McnpaBnATb» cMCTEMATUYECKME OLWNOKKM NporHo3a (Sandu et al.,
2013):
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CpeaHAaa owmnbka onepatuBHon moaenn ECMW ana ctaHUMM Ha cyle.
CuHAA KpmnBaa — T2m; KpacHaAa — HanpassieHne BeTpa Ha 10 m.



Difference in 2m temperature for January 1996

Revised BL - Control
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Difference in 2m temperature for January 1996

old shnow scheme — new show scheme

-10
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The new snow scheme
(Dutra et al. 2010)

has lower conductivity
and therefore the
winter temperature
drops more over snow.

Insulating show also
increases the model
sensitivity to boundary
layer diffusion.
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U3 npeseHTaunmu benika pCa



PekomeHpauuu:

¢ Pursue an integrated approach so that cloud, PBL and surface exchange
schemes “work well together” preserving process relationships as diagnosed
from observations. We recommend testing with LES. Also implementing
parameterizations addressing known issues is proposed (e.g. a prognostic
mixed-phase cloud scheme).

¢ Test and possibly implement a multi-layer snow scheme for NWP applications.
It is acknowledged that more physics leads to more variability which may
increase RMSE locally but reduce biases.



GASS ==

MNMpoeKT B pamKax GASS

Polar Clouds Project Buxpepaspelwatouiee mogennposaHue (LES) obnakos
CO cMelaHHOoW $pa3omn

GABLS-3 LES-moaennpoBaHue yctomnymeoro 6apoKJIMHHOIo
AlNC

Grey Zone Project MynbTumacluTabHoe (B Tom uncne LES)

MmoaennpoBaHue obnavyHocTn B KoBeKTMBHOM ATlIC BO
BpeMA XON04HOIo BTOPXKEHUE

EUCLIPSE-GCSS CpasHeHue LES n ogHomepHbIx moaenen ana cny4das
Intercomparison nepexoda Sc =2 menkas KoHsekumsa B AMC



HabnoaeHus

dKcnepumeHT MOSAIC 2017-2018 rr
CynepobcepBaTtopua Ha Apendyroliem nbay no
aHanoruu ¢ CI1

Co3spaHue cynepobcepBaTtopun B ApKTUKE:

* NOAA Arctic Atmospheric Observatories
(Bkntoyas Tukem n CN)

* Pan-Eurasian Experiment (PEEX) (naesn
HacyeT BEC MIY)
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[TapameTpumn3aumna NOTOKOB C
Heo,u,Hopo,u,Hom I‘IOBerHOCTI/I

* npobnema NPMMEHMMOCTM TeopUn Noaobumsa
NPM3emMHoro cnof (ropusoHTaNbHAA HEOAHOPOAHOCTD,
M3MeHEeHMe NOTOKOB NO BEPTUKANN)

* arperMpoBaHMe NOTOKOB C Pa3HbIX TUMOB
NoACTUNAIOLLLEN NMOBEPXHOCTU BHYTPU SYENKM



MeTtoAabl arpermpoBaHmMA NOTOKOB

 Mertog 3¢pPekTnBHbIX Napamertpos (z0, Cd, cBoicTBa NoO4YBbI U Apyrme
napameTpbl OCPEAHAIOTCA BHYTPM A4ENKU moaenn — cm paboTbl Pielke,
Claussen u ap., Ha4ano 1990-x)

* Knaccnueckunn
MO3anYHbIW MeTop,

(mosaic, tile approach) : Avaraged huxes
KoadPunumneHTbl obmeHa a:n?;:c:::::;:
PACCYMNTBIBAOTCA ANA KaXKA0ro TMna,
MOTOKM C Pa3HbIX TUMOB CYMMMUPYIOTCA
C NIOWAAHbIMM BECAMU;

0151 BCEX TUNOB aTMOChEPHbIN

bOPCUHI cYMTAETCA OANHAKOBbIM i “"' &3 @ﬁ

2 {"’I“.Lu‘

Almesperc fordng
dantical for al Tiles, Patchas

Fluxes sveraged
svar tho armosphens
moca) oevd box

Tiles :
Nature, Lake,
Town, Sea

U ) Fluxos averaged
' gvar tho Ve Naturo

(H) = 2, p6, ,Ci{V) (61 — (6.))
i=1

¥

HWXHWUIM ypoBEHb MOAENUN AO0NKEH ObITb BbiLLE SURFEX tling and coupling with an almospheric modst
ypoBHA cmeweHua (Claussen, 1995),
HO HeA0CTaTOYHO BbICOKO, YTOObI Teopua M-O BbINO/HANACH

Patches for the tile Nature



PacnpocTpaHeHue Mo3anyHoro noaxoaa no
BepTuKanu (Molod et al., 2003; 2004)

MepBbiK ypoBEeHb COBPEMEHHbIX moaeneun
onyctuaca Huxe 20-30 m, TaK uTo
pa3pewalTca BHYTPeHHUEe NorpaHuyHble
cnou = HeobxoammocTb 0606LWweHnn
MO3au4yHOro metoaa
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TeHAeHUMA cpeaHero no A4yemnKke
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0O606LweHne mo3anyHoro metoga Aposbil
(Arola, 1999) (1)

* C/lydan HeogHOpPoAHOCTEN NoBepxHOCTU bonee 10 Km

(BbicOTa cMeLleHnA Bbille HUXHEero moaenbHoro ypoBHA)

oueHKa macwTabos

Ha YpOBHe CMmelleHus

(U, )k
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oy = ) OIR
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HEREZ )

WHTEpPNoNALUA MeTeoBeNNYUH
Ha HUXXHUU MOAENbHbIN YPOBEHDb
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«nepemelwimBaHue npopunein»

Uirew = g UL + (1 — gu)(U,),
» fire = g,f5 + (1 = g,)(0,),
g™ = g.qt + (1 — g.)(q.).

4

pacyeT NOTOKOM
Hag, KaXAabiMm TUNOM U
MO3auyHoe arpermposaHue



0O606LweHne mo3anyHoro metoga Aposbil
(Arola, 1999) (2)

* C/ly4an HEOQHOPOAHOCTEN NOBEPXHOCTM meHee 10
KM (BbICOTa CMELLEHUA HUXKE HUXKHEro MOAE/IbHOTO
YPOBHSA)

oueHKa macwTtabos
Ha HUXXHEM MOoAEeNbHOM YPOBHe
WHTEPNONALUA MEeTeoBe/IMYNH

(U)k
i, = — —. Ha ypoBeHb cmelleHUA
Z Z
ln(—) - l_ff_.w(_) . . o
Zom; L, Uy fy L,
- Lﬁrb = l'n' tlb-"rf i L
B (0, — 6.k k zﬂ M, L pacyeT NOTOKOB
s = i = - T C pa3HbIX
ln( ) - u';H( ) » 6 =0 + Ly AN ” b TUMOB NOBEPXHOCTU
ZI:IH L Jrll_; 5 ‘I{ 7 HH L !
. & | \“oH; ANA YPOBHA
g — ({G'z} - G's]ff ol (1, 7 cMeLleHus,
K % h b
z q, = 4s T 1“(—) - t.ffa(—) : arperuposaHue NOTOKOB
In( =] — | 7 1 \zo L
ZoH,




[TpMeHUMbI 1N 3TN NapameTpu3aumnin
ana APKTUKK?

* KOHBEKTUBHbIN MNOrPaHNYHbIN C/IOU

T_Free stream temperature

.F

Temperature boundary

A layer
\ T Surface temperature
i';'{l{l}l T(x,y) A

Flat plate

* OTCYTCTBYET BbICOTa CMELIeHUA, ANA KOTOPOW
BbINONHANACb Obl Teopua nogobus

* NOTOKM No BbicoTe BHYTPU KINC meHAOTCA NMHENHO



KoadpPpunumneHT TpeHusa o
HEOAHOPOAHYIO MOBEPXHOCTb NbAa

[pocTble aMmnMpUYeckme CBA3U C KOHLLEHTPaUMen nbaa
(Andreas et al., 2010)

103C 10 = 1.500 +2.233 4 — 2.233 42

PasgeneHune TpeHMA Ha KacaTeNbHOe TPeHUE U TPEHUE
dopmbl (Luepkes and Birnbaum, 2005; Luepkes et al., 2012)

Canto =1 —A)Chqp+ACa: +Car.

PaccmaTtpuBaeTcs TONbKO HEUTPaNbHaAA CTpaTUPMKaLUua

N3meHeHne KoapPULUMeHTa TPEHUA B MAPrMHaIbHOMN 30He
MaJ10 MO CPABHEHMUIO C POHOBLIMM YCNOBUAMMU, HO MOMKET
ObITb NOKaNbHO BaXXHO A1 moaenen apenda nbaa



Mpumep spdpeKTa HapyLeHNA rOPU30HTANbHOMU
oaHopoaHocTu (Beljaars et al.)

The two relevant tiles are:
(1) tile with snow under vegetation and (ii) tile with exposed snow

Lowest model level

Independent

aerodynamic

coupling for T-profile from
different tiles MO similarity

2m level for post-processing

Snow layer
Soll layer 1
Soil layer 2
Soll layer 3

Soll layer 4

During day time, the forest heats the
atmosphere. At sunset the exposed snow tile
becomes very stable cutting off turbulent
exchange. Therefore snow temperature and T2
drop too much. In reality forest generated
turbulence will maintain turbulent exchange over
the clearing and prevent extreme cooling.

Even if the forest is dominant, the
vertical interpolation to the 2m level
is done for the exposed snow tile
(SYNOP stations are always in a
clearing).




Me3somacwitabHble npouecchbl B
BbICOKMX LLMPOTAX

PeHbl (bopa), bapbepHbie 3dpPeKThl,
«MblcoBble» cTpym (tip jets), wenesbie BETPbI,
NONAPHbIE MEe30LMKNOHDbI

C HUMM CBA3aHbl Hanbonee IKCTPpEMAJibHblE
norogHbie ycaosumA

YYBCTBUTE/IbHOCTb MOAENbHbIX LLUPKYNALMINA K
paspeLleHunto

PONb NapameTpusaumm obmeHa c
NOBEPXHOCTbIO



f)  WRF (10 km) - 07UTC

From Renfrew,
ECMWEF-WWRP
/Thorpex Polar
Prediction
Workshop - i,
24-27 June 2013 . |
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From: DuVivier and Cassano, 2013, Mon Wea Rev, “Evaluation of WRF Model Resolution on Simulated
Mesoscale Winds and Surface Fluxes near Greenland”



Jleposbin wenbd JlapceHa (Renfrew)

MetUM 1.5 km versus 4 km —5 Fe
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* 1.5 km grid size (76L) is required to simulate
these polar foehn jets (gap flows).

* |n addition surface exchange and BL
parameterization is vital.



Polar WRF, Bromwich et al.

Benefits of high resolution
Example in the McMurdo region
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Polar WRF, Bromwich et al.

Benefits of high resolution
Example with the Prydz Bay Mesolow

Common occurrence
during summer
forecasting season, and
throughout the year

e Brings low cloud and
precipitation affecting
aviation operations

* Shallow, transient,
mesoscale feature

» Successfully forecast by
AMPS, not the global
forecast models
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AMPS surface wind field for 06UTC 22 Jan 2013



NlepoBbin Wenbd JlapceHa — npoaonKeHue
(Renfrew)

Observations versus model

{ai) oBS {bi} MODEL ws (ms™)
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Met Office UM simulations at 1.5 km are able to
capture most aspects of observed jet structure

Left: along jet - shows warm fohn air
reaching ice shelf with cold boundary layer
to the east

Below: across jet wind speed - shows
model captures jet magnitude and
approximate structure

A R R e

OBS

MODEL

Al ()

- = - = —

el T 1 L

B W m™ ™ w @ @ W W % m
(Deatareon Fioen il senitiity posal (|

 w m  m a0 @ 0 & 80 W
Dhiftivad o rhosl don ity possl (k]

Andy Elvidge, lan Renfrew (UEA)



KaTtabatuyeckmnm setep (AHTapKTHUAA)
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summer-time case study —
February 2002

MetUM at 4 km and 70L
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/Thorpex Polar
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3aKkntoveHua no bapbepHbim, «MmbicoBbiMm» (tip flows), n
KaTabaTnuyecknm teyeHusam (Renfrew)

* Synoptic situation and orography controls the jets location,
timing and magnitude
— As predictable as synoptic-scale flow
— e.g. Barrier effect doubles peak wind speeds

* Resolution: ¥10 km and 40-76 L seems necessary
— MetUM simulations good (12 km & 76 L; 4 km for Katabatic)

— WRF simulations good at 10 km, but 25 & 50 km grid size don’t
capture gradients

— ERAI representation (80 km) ok for climatology, but similar
concerns about diffuse gradients
* Parameterizations
— Sea-ice & SST fields and surface exchange vital
— What can be done to capture sharp vertical gradients?

— Poor representation of katabatic flows in vertical (SBL
parameterization problems?)



MHTEHCUBHbIE MO/IAPHbIE ME30OLMKAOHDbI
(polar lows, from Iversen, ECMWF)

The polar low:

*A small-scale, rapidly
developing and fairly
intense cyclone over
ice-free ocean

«October - May

eRapidly changing
weather

eGale or storm force
winds

eSevere snow intensity

NOAA-17 NE1 70103 dar_nighl 2003-01-17 11:04 o



Kolstad, 2011, QJRMS, 137

MCAO (M>3.4)-Hit Rate 1989-2010, ERA Interim
M_.Z(ln 95—111 9700) L=7x10° m
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Additional requirement are needed for PLs to actually occur:
E.g.: upper-level PV anomaly: p,  , > 470 hPa



: ﬁ Factors Limiting the
. Predictability of Polar Lows

® Trigger mechanisms:

« Initial analysis of polar
* Low-level baroclinic zones (e.g. «old occlusions»)
* upper-level PV anomalies

* Resolution of sharp surface contrasts
« S5SST, sea-ice, topography

PR o 1 e TN * Resolution of associated ABL features:

gure 1 - NOAA 17 - 09:14 UT on December 21, 2003 + low-level fronts and jets

Growth mechanisms:
« Vertical fluxes in unstable, windy marine ABL
« cdeep convective cloud parameterizations
+ vertical profile of released latent heat
« Mixing processes in upper ocean:
+ SST-feedbacks
« Baroclinicity and APE-release

PY-Thorpex - Rgmskog 14-16. Januar 2009



Weather forecasters’ awareness

MCAO: Major Cold Air Outbreak:

SST - T(500hPa) > 43 °C Areas with high potential
~ for PL development

Potential Vorticity > 2 PVU

Trough at 500 hPa »
Aided by:
« Satellite images

* (High-res.) model forecasts
* Experience: often not reliable
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Kolstad and Bracegirdle, 2007, Clim Dyn:

Marine cold-air outbreaks in the future: an assessment of
IPCC AR4 models

Where do we find polar lows today?

d: Marine cold air outbreaks => polar lows

Polar Lows in the Future

Blue: Fewer polar fows than now
Red: More numgrous polar lows than now

Note increase in the Barents Sea



Downscaled IPCC AR4 projections

a C20 1960-89 » o B1: 2070-2099
e B TV Wl L B JieN '}% M Zahn & H von Storch, 2010
L J Nature 467, 309-312 (2010) doi:10.1038/nature09388

Projected
“ Polar low density distribution.
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Condron & Renfrew (2012), Nature Geoscience
‘Missing’ polar lows enhance deep-water formation in the Nordic Seas

a) Standard ERA-40 data; b) ERA-40 + PL parameterized; c) satellite data (SSM/I)

2000 10°W

o° 10°E 20°E

0 “

a

—

L e e
T T

Cum. GSDW (x10* xm™)

d
T

cantrol

—— perturbation

0 L L L L L L 3
1978 1980 1982 1984 1985 1588 1990 1952 1994 1596 1596
Calendar Years

16 20 24 28

8 12 :
Absclule Wind Velooity (m s )

The cumulative volume of GSDW formed in the
Control (blue) and Perturbation (red) experiments.

The total production of Greenland Sea Deep Water
increases by 4.1 x 103 km?3 (5.3 %)
in the experiment with parameterized PL.

Can missing PL-driven ocean mixing also influence the seasonal forecast quality?



3aK/alo4YeHue no npeackasyemoctu PL

* [loyemy HeKoTopble PL npeacKkasbliBatOTCA XOPOLLO,
apyrme — naoxo? — AMarHoCTUMKa MEexXaHM3MOB B MNJ10X0
npeAacKasaHHbIX PL

* Yero He xBaTaeT A/1A yCrnewHoro NporHo3a?
CMYTHMKOBbIX N HA3eMHbIX HabAaAeHUI, MeTOA0B
OLUEHKMN HeonpeaeneHHOCTU HaYyaIbHOro COCTOAHMA U
napameTpoB moaenn (aHcambsam NporHo3o.),
BbICOKOIO NPOCTPAaHCTBEHHOrO pPa3peLleHmna (HyKHO /1
pa3pelaTb OTaeNnbHble 061aKa?), aaeKBaTHOM
napameTpusaumnm KOHBEKLUMKN, 0OPaTHOM CBA3U C
TEMMNepaTypon NOBEPXHOCTU, AeTaNen pacnpeaeneHus
NbAa
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BanAaHne HOBOM MoAeNn CHEXHOro NOKPOBa Ha
npusemHyto Temnepatypy (Beljaars et al.)

Difference in 2m temperature for January 1996

From long “relaxation” integrations starting 1 Oct 1995

old show scheme — new snow scheme
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The new snow scheme
(Dutra et al. 2010)

has lower conductivity
and therefore the
winter temperature
drops more over snow.

Insulating snow also
increases the model
sensitivity to boundary
layer diffusion.
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