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3a4yem HyXHa rnobasnbHaa mogenb aTmocdepbl?

* [lporHo3 noroApbl Ha Pas3/INYHbIX MacluTabax BpemeHHMU.

 MeTeoponormyeckaa 6e3onacHOCTb CTPaHbI (B T.u.
aspoHaBuraumsal);

 (ObecneyeHne HOKOBbIX TPAHUYHbIX YCNOBUIK ANA MOoAeNeN B
orpaHn4yeHHon obnactu;

Tun nporHosa Cpok nporHo3a | PaspewieHne mogenu

[1eTepMUHUCTUHECKNI NPOrHO3 2-7 CYTOK MaKcumanbHoO
BO3MOXXHOe
paspelueHune

AHcambnesbin NporHos ¢ 25-50 3-10 cyToK YmepeHHoe

YY4aCTHMKaMM aHCambna paspelleHune

J1oNrOCpPOYHbIN NPOrHO3 1-6 mecaues Hu3skoe n ymepeHHoe
paspelleHune

MoaennpoBaHme N3MeHeHUM foabl U Hu3Koe paspelieHune

K/IMMaTa AeCATNNETUA



[TyTM yMmeHblUeHMNA OWMDBOK YNCNEHHOTO
NPOrHo3a noroAbl

physical
processes

ensembles




CpeAHecpOYHbIN NPOrHO3

[Tpenen npeackasyemoctn 5-7 cytok (A.C.
MOHWH)

ObbI4HO paccunTbiBaeTcda Ha 7-10 cyTok

B nocnegHune rogbl AeTEPMUHUCTUYECKUNA
NPOrHO3 OOMNOSIHAETCS aHCaMOsieBbIM

B bnwkanwmne rogbl Beaywmne LEeHTPbI
Ha4YHYT UCMNOJb30BaTb COBMECTHbIE
MOJENMN.
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AHcambneBbIN NPOrHO3

e Pasbpoc (amcnepcusa) ancambna ana
OCHOBHbIX MPOrHOCTUYECKUX NMOJIEN AO0/IKHA
ObITb NPUMEPHO PaBHa
cpeAHeKBaapaTUYeckon ownbke cpeaHero no
aHcambna nporHo3a (ana scex
3abnarospemeHHoOCTEN NPorHo3al)



CpegHeKkBagpaTnyeckasa owmnbKa
cpeaHero NPorHo3a no aHcambto U
pa3bpoc aHcambaa 8 ELLCIM

Forecast Day

* Initial spread: 2.5m (~3% of variability)

« Initial growth rate of spread is about 1 day’

* Growth rate slows exponentially at a rate of
0.25 day' towards the spread asymptote

M e
st ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



CoBMeCTHble moaenu B
KPaTKOCPOYHOM MNPOrHo3e

* B paae cayyaes c NOMOLLbIO COBMECTHOM
Mmoaenn atmocdepbl, OKeaHa 1 MOPCKOro
Nbaa nony4vyaetca 6onee ycnewHbin
KPATKOCPOUYHbIN N CPpeaHEeCPOYHbIN NPOrHO3:



—— == -

= ¥ - = | .i“

—

: Agllqsphere Ocean - Ice Interactions in_

o gy

Great Lakes

llll‘--‘

ns :
anunt® AT
anunt® g

PeIIerln P., thchle H., Saumer F.J., Roy F,, DeSJardlns

il S., Valin M. and Lee V. (2004) Impact of a Two-Way

i Coupling between an Atmospheric and Ocean-Ice

&8 Model over the Gulf of St. Lawrence. Monthly Weather
Review, vol 132, June 2004, 1379-1398.




Experimental Operational System at CMC

Winter

Summer

®

Coupled System better (> 50%)
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Pornb coBMEeCTHOU
Moadenu B
cpeaHeCpPO4YHOM
NPOrHo3e B
PErnoHax, rae
MMeeTCsH CUINbHOE
B3anmMmoaeuncTeume

cpen

(cnanpg M.Charron, G.Smith, F.Roy et
al, Env. Canada, 2014)

Change in STD error

RMS, cpeaHsasa owmnbka H500 B
panoHe Kypocuo kak chyHKuuns
3abnaroBpemMeHHOCTH
NnporHo3sa

STD and Mean errors against analyses

Variable : GZ 2011070100-2011080300
Level : 500 hPa

Region : kuroshio

DD UNC 001 SUM ——
DD CPL 001 _SUM ——
Against ERA-Interim
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Mean and STD errors

1o =
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Forecast Lead Time (hr)
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becLuoBHbLIV MPOrHo3 -1

B aTtMocdepe HET NCKYCCTBEHHbIX FPaHunL, Mexay
BpeMeHHbIMU MacliTadbamm (Shukla, 2006), (Hoskins QJ
2013).

NmeeTcsa psg aBreHnn ¢ BpeMeHHbIMU MacluTtabamn bonee
roga, KoTopble yCrneLlHO BOCNPOU3BOAATCA Modenamm (Hanp.,
KBa3naByxneTHue KkonebaHus B ctpartocdepe).

B bonblKMHCTBE crniydaeB TpebyeTcs coBMecTHas MoAernb.

MeTtoddpurc BennkobputaHmm gaBHoO npuMeHsIeT ogHy MOAErb
ona nporHosa un knnmarta (Unified Model, UM)



becLlOBHbLIV MPOrHO3 -2

o «Xopowasi» Mmogenb atMmocdepbl AOMKHa NpaBUbHO
BOCIMPOU3BOANTb BCE BPEMEHHbIE MacLUTabbI OT
Me30oMacLUTabHOro UMKNOHa A0 KBa3WOBYXINETHErO
KonebaHus.

« HeobssarternbHO oanH 1 TOT XXe Habop napameTpusaumn ans
BCEX MNPOCTPAHCTBEHHbLIX MacwTabos! MHorne napameTpbl
3aBUCAT OT pa3peLleHuns.

« CnoBoco4eTaHne uHorga UCNonb3yeTcs CNEeKYNATUBHO ;Y
MOJENEN YNCIIEHHOrO NMPOrHo3a norogbl U Knumara -- pasHble
METPMUKN OLLINOOK!



[1poLiecchl, KoTOpble HAAO0
OMNnncbIBaThb B COBpemeHHof/’l Moaenwu
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[1onrocpo4vHbIN
rmapoanHamMmmyecknim NpPorHo3

* Pacyet kannbpoBo4YHOro aHcamorns
«UCTOPUYECKUX» MPOrHO30B AJ151 OLEHKN
MOAENbHOIo «Krnmmara»

« Pacyet onepaTuBHbIX aHCaMbneBbIX
MPOrHO30B.

 PacyeT aHOManuu no OoTHOLLUEHUIO K
MOAEJIbHOMY «KITUMAaTYy»



MICTOYHUKKM npeacka3yeMoCcTn Ha
BHYTpuce3oHHOM MacliTabe (Vitart, 2012)

« TemnepaTypa NOBEPXHOCTU OKeaHa,

* YCroBus Ha NOBEPXHOCTU CyLUN (B T.u.
PacTUTENbLHOCTU U CHera)

» KonebaHne MapneHa-xynnana (KMJ)

« CeBepo-aTtnaHTudeckoe konebaHne — Apktunyeckas
ocuunnaumnsa (CAK-AQ)

« CTtpartocdepHasi "SMEHYMBOCTb (B TOM 4YnChe,
BHe3armnHble cTpaTocdepHble NOTENIEHNS)

 Mopckou nen n ero TonwmHa

Ha ce3oHHOM macwTtabe: + Onb-HuHbo-FKOXxHoe
KofiebaHune



Cyb6ce30HHble U Ce30HHbIE

MPOrHO3bl

ObBA3aHHOCTb KaXkgoro rnporHOCTUYECKOro
LeHTpa

Poccusa: Global producing center (ML),
NEACC (CEAKL; T'ML, + I'TO). YuyacTtByeT B
APCC MME, npoekta S2S

YcnelluHbl B OCHOBHOM B Tponukax. B cpegHmx
N BbICOKUX LUMPOTaX — OTAENbHbIE «NATHAY.

«[Nagkue» nonsa (XxapakTepucTukn
MaKpoMaLlTabHOW LMPKYyNALMn)
npeackasbiBaloTCA nydlle



GPC predictions of DJF’12-13 mean SLP

(from WMO LC LRF-MME)
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MHaeKc CeBepo-ATIaHTUYECKOrO
KonebaHuA

Var. = 42.8% EOF1 SLP DJFM 1899-2016

PC1TS (red/blue shading) / Statlon-based NAQ Index (thick black line) 0.93
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3UMHNN NHAEKC OTHOCUTENbHO NnpeackasyemM B moaensx !



Winters depend on which way the wind blows:
The North Atlantic Oscillation (A.Scaife)
KpbipkoB (Mul. 2003, 2004)

Winter 1962/63

HadSLPzr December 196.«_’ to February 1963
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' TEM3 December 1962 to February 1963

Cold advection
into Europe

Winter 2009/10

HadSLP2r December 2009 to February 2010 CRUTEM3 December 2009 to February 2010

Cold, calm
and dry

9% surtace ternperatun:? anomaly ("C) wrt 1961 80
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Winter 2011/12 c.f. 2013/14!

HadSLPzr December 2011 to February 2012
e CRUTEMS3 December 2011 to February 2012
) — J_ﬁsz;_t‘ == ,

Strong P Gradient

Warm advection
into Europe

QQand surface temperatu rp',aancrmaly (*C) wrt 1961 BE
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3umHue nporHo3bl CAK B
MeTtOdwuce (A.Scaife)

Wintar NAD Ensamble Pradictions
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Correlation score = 0.62

Extended to 20 years and 24 members for DJF

Ewe 8-10 net Hasaa Koppensauusa HU y KOoro He npesbiwana 0.3 !



Sources of predictability...

ENSD [fore.agt)
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Predictions of the DJF mean NAO index with the seasonal
version of SLAV model (by V.N.Kryjov)

DJF NAQ Obs DJF NAQ HMC

EOF1 of wintertime (DJF)
SLP over the North
Atlantic in observations
(left) and model
predictions (right)

220 7 our NAG et Time series of the DJF
R=0.48 mean NAO index in
observations (PC1o,
1/ ﬁ\ N\ /] orange) and in model

W | = \V/ X predictions (violet) as
PC1m (middle) and as
51128 MoK ObkArvations PR (bOttOm).

=0.52
lines denote the
winters of La-
A

5% | K \/ X Nina/El-Nino, to
2% which predictions
o | ool appear not

Blue/red vertical

|

- L -
19I78 19I80 1982 19I84 1986 1988 19I90 1992 1994 19I96 1998 20I00 2002 20I04 se ns Itlve




Halwuu Tekywmne paboThbl:

* [1biITaemMca NOBTOPUTbL ITOT YCMNeX Ha
HOBOM YypOBHe (ropasno bornee
COBpeMeHHas Moaernb — COBMECTHas
MOAENb C aTMOC(EPOUN U OKeEaHOM,
YIy4LlEHHbIM ONMcaHmnem ctpartocgepsbl)



[lpeackasaHna Ha HECKONbLKO NeET

(decadal prediction) :
«bonbwon BbizoB» BMO (grand challenge)

[Tognpoekt CMIPG6

EcTb Hagexda, YTO MOXXHO NOBTOPUTL
OTHOCUTENBbHbLIN YCNEX CE30HHbLIX MPOrHO30B

CurHan oT MEHAKLLNXCS BO BPEMEHN
rPAHNYHbIX YCITOBUW N BHELLHEro BO30ENCTBUS
(rnyO®oOKuin okeaH, Marnble ra3oBble
cocTaBnatouime, ...)

[Toka Ka4eCTBO — KaK Y Ce30HHbLIX NPOrHO30B
10 net Hazaf.



Where does a decadal prediction
fit? (G.Boer)

Forced bou
condition pr

Decadal
predictions

Initial value
problem

day week month season year decade century
Weather Seasonal to Long term climate
predictions interannual change projections
predictions

Decadal prediction:
- annual, multi-annual, up to a decade
- initialized forecasts of both forced and internally generated
components of variability



Prediction and skill

0.8

0.7

0.6+

0.5

0.4+

0.3+

0.24

0.1

0.0+

Globally averaged correlation skill

P 0 is potential skill
/ r is actual skill

total

forced

-0.1

Forecast range, years

Boer et al. (2013)

of annual mean T

global and local
“predictability” and
“skill”

mechanisms
determining skill
e importance of

initialization vs
external forcing

o deep ocean processes
e etc.
predictability and skill
as a function of
forecast range -
difference between p
and r may offer:

e guidance on
mechanisms

e hope for improvement



Atlantic SPG and decadal

associated with 1995 SPG

Warminn

f) JA PRECIP (Obs)

s e
= fi. .

Doblas-Reyes et al 2013
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0.0

1-5

Perfect model skill of Atlantic tropical
storms and AMOC : no skill when SPG
initialized with climatology (blue curves)

3-7 5-9
Forecast period (Yrs)

Dunstone et al 2011

1-5

5-7 5-9
Forecast period (Yrs)

1 25 5 10 20 30
Robson et al 2013

* North Atlantic SPG is the
region showing most improved
skill from initialization

 Potentially influences rainfall
over Sahel, USA, Europe,
Amazon

* Influences Atlantic tropical
storms and AMOC in perfect
model experiments

» Motivates further experiments
to understand processes

» Repeat hindcasts but initialize
SPG with climatology



[1pOrHO3bl Ha AecATUNEeTUA B
CMIP6

* AHCcambrneBble PETPONMPOrHo3bl
(peaHanmsabl) 1 NPOrHo3bi No
COBPEMEHHbIM JaHHbIM

* AHCambneBble PETPONPOrHo3bl C
Ha4yanbHbIMW OJaHHBIMW N3 KNUMaTUYECKNX
akcnepmumeHToB (oT 1850 oo 1959 rr) —
n3yyeHne ponm HadvanbHbIX AaHHbIX

* VlccnegoBaHue BNMAHUA pa3Mepa
aHcambns



3aknyeHue

* [1porHo3 noroabl Ha BCeX BPEMEHHbIX
MacLiTabax MHTEHCUBHO Pa3BMBAETCH B
MUpPE.

 [1onbITKK yYBENMNYEHNS NONE3HOMN
3abnaroBpeMEHHOCTM B OOMNTOCPOYHbIX
NPOrHo3ax: yny4leHne COBMECTHbIX Moaenemn
N METOAOB 3aJaHNs AN HUX HaYanbHbIX
YCINOBUMN.

 JlekagHble MPOrHo3bl —HOBbIN «DOOMbLLIOK
Bbi3oB» BMO, BkntoyeH B CMIP6



Cnacmbo 3a BHUMaHuel



