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s Motivation

s Semi-Lagrangian atmospheric model
SL-AV

= INM RAS sigma-model for the global
ocean.

s Coupling atmosphere and ocean
models.

= Numerical experiments and results
s Future work



m Forecast of seasonally averaged anomaly with
respect to (model) climate.

= [ries to exploit the predictability due to (lower)
boundary condition

m Very strong noise, quite low signal. So the use
of ensemble technology (perturbed initial data)
IS required.

= [he forecast is often done in categories
(‘normal’, ‘below normal’, ‘above normal’).

= Required by agriculture (sum of temperatures),
power aeneration (fuel stock)



Composite probabilities of categorical forecast ocoutcomes for
TZm seasconal anomalies. Producer: HMC
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s Is also required by WMO. Hydrometcentre is
one of 10 centres in the world providin
seasonal forecasts operationally (http://
www.wmolc.or%/). North-Eurasia Climate
Center established in Hydrometcentre
supplies CIS countries with seasonal
forecasts.

= Usually, atmospheric and soil model, simple
extrapolation of SST anomaly.

= Recently, many centres started to develop
seasonal forecast systems based on coupled
atmosphere-ocean model. Sometimes, full
ocean model is used only in tropics, upper
mixed layer model is used elsewhere.




Semi-Lagrangian semi-implicit finite-difference
vorticity-divergence block for solving dynamics
equations of own development

Parameterizations from ALADIN/LACE model

Accepted at Hydrometcentre of Russia as the main
numerical method for medium-range forecast (0.9x0.72
degrees, 28 levels) and as a component of the
probabilistic system for seasonal forecast of climate
anomalies (1.4x1.1 degrees, 28 levels)

Contributes to the South Korean APCC multi-model
seasonal ensemble.
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s Resolution 1.4x1.125 degrees lon/lat, 28
levels

s Was presented at CITES 2009

s Description is in (Tolstykh et al, I1zvestia
RAN, Ser. PhA&O, 2010)



s Stochastic parameterization of large-
scale precipitation (Kostrykin, Ezau,
Russian Meteorology and Hydrology,
2001).

s Hybrid deep convection closure
(Tolstykh, WGNE Res. Act. 2003)

s Allows to have more realistic
precipitation with relatively low
resolution.



AfekBaTHOe BOCNpou3BeaeHNe XapaKTepPUCTUK
CeBepHoro J1epoBnUTOro okeaHa:

a) NCNOJSIb30BaHME CUCTEM KOOPAMHAT C
0CObbIMKM TOYKaMK 3a nNpenenamu
pacyeTHoOM obnacTtu

6) BocnpounsBeneHne xapakTepucTmk
MOPCKOro sbAa

Moaenb oKeaHa TaKXe MOXET:

(1)BoCnpon3BOAUTb TMAPOANHAMUKY OKEeaHa U XapaKTepUCTUKN MOPCKOIro
nbAa Kak rnpuv 3agaHHOM aTMOCepHOM BO34ENCTBUN, TaK U COBMECTHO C
Moenblo aTMocdepsbl;

(2)npuMeHaTbca ansa MMpoBOro okeaHa m ero otTaesibHbIX akBaTopuu C
MCNOJSIb30BAHNEM Pa3/IMUYHbIX KPUBOJIMHENHBIX OPTOrOHaIbHbIX CUCTEM
KOOpAWHAT;

(3)paboTaTb Ha NapannenbHbIX BbIYHNCANTENbHbLIX CUCTEMAX.



hot -

H(x,y) — rnybuHa okeaHa B COCTOSIHUM MOKOS
C (x,y,t)- OTKIOHEHNE YPOBHSA OKeaHa OT HEBO3MYLLEHHOIO0 COCTOSAHUS

(x,y,z, t) - KOOpAMHaTbl U BPEMSA B Z-CUCTEME

CARINAD)| - KOOPAMHATLI W BPEMS B O-CUCTEME

ypaBHCHI/IH BBIBOJSATCA C UCIIOJIB30BAHHUEM Hp606p330BaHI/ISI IMIYTCM 3aMCHbI YaCTHBIX IIPOU3BOJIHBbIX.

YAVACRNeAI] -reconoTeHUManbHasa rMybmnHa Kak GyHKLMS HOBbIX (MOAeNbHbIX) KOOpAUHAT

3aTeM aenaetcs npubnmxeHue (<< H, n B NpPOCTPaHCTBEHHbIX NPON3BOAHbIX NOJlaraeTcs:

h=H



Deleersnijder et al., 1993
Eby and Holloway, 1994

MIT [Adcroft et al 2004 ] Cyxos, 2009
Zalesny and Gusev 2009



[Montoca pacyeTHOWM CUCTEMbI pacnosioXeHbl B Toukax 100°B.4., 70°c.w. (n-oB
Tanmblp) 1 100°B.4., 70°c.w.(AHTapKTHUAA coBnafaeT C
reorpaduyeckmm

1. OpToroHanbHOCTb (MO
rOPM30HTalNbHbIM
KoopauHaTam)

2. AHaANMUTUYHOCTb

3. PacnonoxeHune ocobblix
TOYEK BHE paCYEeTHOM
obnacTtu

4. CoxpaHeHune aKBaTopa



March September

Model results

AMIP data [Hurrel et al 2008]




m Successive coupling of the models.
Simpler technologically. However, limits
scalability.

s Parallelized with OpenMP, though the
models can use MPI separately.

s Implemented on SGI Altix 4700. Elapsed time
to calculate four-month forecast — 4 hours
using 8 processors.

= [Ime step in the ocean model 72 min, in the
atmospheric model — 36 min.



Globally averaged over 4 seasons heat flux to the
ocean with one-way interaction is 4.5 W/m?2. Model
tuning allowed to reduce this value to 2.8 W/m>.

Atmosphere and ocean models are coupled
without flux correction.

10-member ensemble. Only atmospheric initial data
IS perturbed.

Seasonally averaged atmospheric circulation
of the coupled model for months 2-4 is
compared to the results of atmospheric model
with simple SST evolution.



= Running INMOM ocean model for 1989-2010 using
ERA-Interim atmospheric forcing. Archiving ocean
model state for the moments when historical seasonal

forecasts start

s Using NCEP/NCAR reanalysis-2 data in upper
atmosphere + SLP as initial data for atmospheric

model.

s For soil variables, using own soil assimilation scheme
correcting soil variables from T2m and RH2m 6-hour
forecast error. T2m and RH2m analyses still come
from reanalysis-2 (Attempts to use soil fields from
reanalyses led to bad results, see proceedings!)



s All the seasonal forecasts are with one month

lead time, so the coupled model is run for 4
months.

= Running hindcasts for each season of 1989-2008,
10 member ensemble for each hindcast.



99T(24-30/04/08)-ST(29/01-04/02/08), Reanalysis SST(24-30,/04/08)-SST(29/01-04 /02 /08), model
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HS00
20-90 N
Tropics
90-20 S
MSLP
20-90 N
Tropics
90-20 S

12m
20-90 N
Tropics
90-20 S

SLAV
RMSE

41.1
14.2
38.9

3.23
1.48
5.44

2.20
1.25
2.37

@)\Y|
RMSE

40.4
2.2
40.23

3.05
1.49
5.48

2.57
1.46
2.78

ANOM
N1 D:\Y
CORR

0.992

0.996

0.981

0.996

0.998

ANOM
CM
CORR

0.992

0.996

0.982

0.996

0.998

ANOM
SLAV
RMSE

27.4
6.2

27.1
2.09
2.59
1.32

1.20

ANOM
CM
RMSE

27.0
6.0

27.0
1.98
2.57
1.34

1.22



http://data.giss.nasa.qov/gistemp/

Jun—Jul-Aug 1997 L-0TI(°C) Anomaly vs 1981-2008

T2m anomaly JJA1997 vs 1981—-2010 AM
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T2m anomaly JJA1997 vs 1981—-2010 CM

2011-06-22-13:38

GrADS: COLA/IGES 2011-06-22-13:30



s Coupled model for seasonal forecasts
was developed.

s Historical forecasts for each season
of 1989-2008 are calculated using
ensemble methodology.

= The results show positive impact of
coupled model in Tropics, some
positive impact in SLP field in
Northern extratropics.



= Trying to refine initial condition in soil
(own assimilation of 2m variables).

= Trying CLIRAD SW radiation
parameterization.

» Likely switching to ERA-Interim reanalyses
for hindcasts.

= Numerical experiments using ocean data
assimilation system developed in
Hydrometcentre of Russia.

= Using higher resolution ocean model,
more sophisticated ice model.
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