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1. KnmMaTHnuyeckas cucTeMa M KJINMatT

B Havane »aTOoro paszeina 1elIeco00pasHo
OIIPEACIINTD JIBA ITIOHSITHSI.

 |. Kimmarnueckasgd cucCTEMa €CTb CHCTEMA,
00beAUHSIONIA atMochepy, OK€aH,
Kpuochepy, Cylry 1 OHOTY.

2. Kmumar ecTb aHCamMOJIb COCTOSIHHM,
KOTOPBIM MHPOXOJUT KIUMATHUYECKAss CUCTEMA
32 JIOCTAaTOYHO  OOJBIIOHW  IPOMEXKYTOK
BPEMCHHU.
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Schematic of an AOGCM (oval at upper left) and Earth System
model (in orange oval) and various types of impact models (right).

11.04.2011 40 net Cn6HUIMA 5



2. OCO0CHHOCTH KJINMMATHYECKON CUCTEMBI
Kak pU3M4IecKoro o0 beKTa

KinuMarnyeckas cucrema Kak (QPU3WYECKHH OOBEKT 00JIafaeT psaaoM
crielupUIecKux 0COOCHHOCTEN.

« 1. I'7maBHbIE KOMIIOHEHTBI CHUCTEMbI - armocepa MW OKe€aH - C
F€OMETPUYECKUX TO3UIMKA MOXHO pacCMaTpuBaTh KAaK TOHKHUE IUICHKH,
MOCKOJIbKY OTHOIIIEHHE BEPTHUKAJIBLHOIO MaciiTada K TOpPHU30HTAJIbHOMY
coctaBisgeT BenuuuHy nopsjaka 0.01 - 0.001. Takum obpazom, cucTema
KBa3UJBYMEpPHA, OJIHAKO, BEpTUKaJIbHAS CTpaTHU(UKAIUA IO IUIOTHOCTH
OYeHb BaKHa W KPYHHOMACIITAOHBbIE BEPTUKAJIbHBIC  JBUXKCHUS
OTBETCTBEHHBI 32 OAPOKJIMHHBIC MTPEOOPa30BAHUSA SHEPTUU. XaPAKTECPHbBIC
BPEMEHHbBIE MaCIITa0bl SHEPTrO3HAYUMBIX (PU3UUECKHUX MPOIIECCOB JICKAT B
Jauana3oHe OT 1 yaca 10 AECATKOB U COTEH JieT. Bce 3TO MPUBOIUT K TOMY,
4TO JAa0OpPaTOPHOE MOJCIMPOBAHUE TAaKOM CHCTEMBI, MSTKO TOBOPS,
KparHe 3aTPYAHUTEIBHO.

e 2. C KIMMaTUYECKOW CHUCTEMOM HEIIb3sl MOCTABUTH IEICHANPABICHHBIN
(U3NYECKUM DKCIIEPUMEHT. J[eHCTBUTEIBbHO, HEJIb3SI «HAaKa4yaTh) CUCTEMY,
HanpuMmep, YIJIEKUCIBIM Ta30oM M, COXpaHAsA MPOYUE PAaBHBIC YCIOBUA,
M3MEPHUTH MOJYIESHHBIN (P (DEKT.

3. B pacnops:K€eHUM HCCIENOBATENEH HUMEIOTCSA JIMIIb KOPOTKHE PSJIbl
JAHHBIX HAOJIIOJICHUM, JJa WM TO JIMIIb OO0 OTJEIbHBIX KOMIIOHEHTaX
U3y4YaEeMOM CUCTEMBI.
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ITapameTpu3zanys IpoureccoB MOACETOUYHBIX
MAacCIlITa0OB

® TypOyJIE€HTHOCTh B MOTPAHUYHOM CJI0€ aTMOC(EPHI, BEPXHEM CIIOE OKEaHa U
IPUAOHHOM TOTPAHUYHOM CJIOE

° KOHBCKHI/Iﬂ N I'PAaBUTAIIMOHHBIC BOJIHBI

* HeannabaTrueckre MCTOYHUKM TEIUIa (paaunanus, (pa3oBbI€ MEPEXOIbl
BJIaru, 00JIAYHOCTh, OCAJIKU U T.JI.)

* [{ukn yrieposia 1 GOTOXUMUYECKHAE TPOIECCHI
* [Iepenoc Tenna u BjIaru B O4BE, PACTUTEIBHOM U CHEXKHOM ITOKPOBE

*HUT.A.
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Figure 2: Schematic diagrams of energy spectrum, injection, dissipation and fluxes vs.
wavenumber: (a) traditional 2D turbulence thinking, (b) Lilly’s (1989) proposal, and (c)
our proposal. See text for details.
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IlycTh
D — osymepnbit mop,
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3aKOHBI COXPAHEHUS
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MATEMATHUKA KIIMMATHYECKOI'O MOAEJIMPOBAHUA

1. TeopeMbl r100AIBHON Pa3peIIMMOCTH

2. CylileCTBOBaHHE MOTJIONIAIOIIET0 MHOYKECTBA, UHEPIIUATIBHOTO MHOTO00pa3us u
arTpaktopa. OLEeHKH Pa3MEPHOCTH.

3. Tpaexkropun Ha arTpakTope. I[Tokazarenu JIsnmyHoBa . (3aga4u MPOrHO3a MOT0 bl
1 U3MEHCHUH KIrMMaTa )

4. Y CTOWUUBOCTh aTTPAKTOPA K MAJIBLIM BHEITHUM BO3JAEUCTBUAM. Y CTOMYUBOCTD
MEDBHI.
5. ANnpokcuManus arTpakToOpoB. ANMPOKCUMAIIUS TEPUOIUUYECKUMU OPOUTAMMU.

TpeboBaHUs K pa3HOCTHBIM CXEMaM.

6. ONCUWIIOH-pETYJIsIpu3alus. TeopemMbl CXOOAUMOCTH U YCTOMYUBOCTH JJIs
BepOATHOCTHOM Mepbl. O/IT 1 onepatopsl OTKIUKA.

7. [Tpoueccel. ®/AT nsa nepruoanyeCcKoun MpaBou 4acTH.
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Existence and uniqueness of a solution to primitive
equations with stratification ‘in the large’

G.M. KOBELKOV* and V. B.ZALESNY™

Abstract — Existence and uniqueness of a weak solution for the system of primitive equations with
stratification describing large-scale ocean dynamics, is proved ‘in the large’. The system is obtained
from the original 3D primitive equations with viscosities depending on p,. The character of these
dependences providing the existence and uniqueness of a solution ‘in the large’ is determined. More
precisely, we consider that the viscosity coefficients in the vertical direction satisfy the following
properties: they are non-increasing for p; < 0 and constant for p. > 0 and satisfy the property: 0 <
! (r)yr < M. Then it is proved that for an arbitrary time interval [0, 7], any viscosity coefficients in the

horizontal direction, and any initial conditions @iy = (uy, 42) € Wi (Q), Jo (3141 + duz)dz =0, po €

W2(2), a weak solution exists and is unique and @; € Wi(Qr), p; € W, (Qr) and the norms ||V,

iVpllq are continuous in 7.

11.04.2011 40 net CuoHUI MU
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1. Formulation of the problem

Let Q be a cylinder in R> of the form
Q= {x = (x1,X2,X3) : (x1,x2) € Q' x;€ [0, 1]}

where Q' is a 2D bounded domain with a boundary consisting of a finite number
of smooth arcs intersecting at nonzero angles. Let us represent the boundary J€2
as 9Q = S US, S =9 x [0,1], Then S; is the bottom and upper surface of the
cylinder and S is its lateral surface. By Oy, as usual, we denote the domain Q,; =
Q x [0,¢]; s0 Or =R x [0,T].

Further, let u = (u1, ua, u3) be a velocity vector; by @t we denote the vector-
function @ = (u, u2). In what follows one assumes that the indices i and j take
the values 1, 2 while the index k ranges from 1 to 3. The independent variables are
denoted by x = (x;,x2,x3) as well as by x,y,z. Assume X' = (x1,x2). The following
notation is used:

adv

{—9——-—, Ve =V¥, Vp= Vv = ((?lv, 6'21)), div'e = d1uy + duz
Xk

V=

1/q
W= 0pv+on, Iollg=Wligay M= Mles o= ( [, 7).

11.04.2011 40 net CuoHUI MU 14



As usual, ¢ with and without indices denotes the constants in inequalities not de-
pending on functions entering these inequalities, but depending on the domain form,
the time interval T, and the norms of the initial conditions. Moreover, various con-
stants may be denoted by one and the same letter if this does not provoke misunder-
standing.

A system of primitive equations with stratification describing the large-scale
ocean dynamics in the Cartesian coordinates is of the form [11, 12]

i, — vA'a— v, 050+ 10+ Vp+ued,, =0 . P
ap
o et 1;
= P (1.2)
divu =0 (1.3)
o — ut'p — 35 ((p) 33 ) + kP, = 0 (1.4)
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where v, v, and u are positive constants and W, depends on p, as was discussed
above. System (1.1)—(1.4) is completed by the following boundary and initial con-
ditions

76
ﬁ-n:—uxnzo on S, uz3=0 on §; (1.5)
on
6!\
2 _0 on Sy, éﬁ:O on 9Q (1.6)
an on
1
0(x,0) =o(x), [ div'iodz=0, p(x,0)=po(x) (1.7)

hereafter, summation is assumed over repeating indices in products; g is the mod-
ified gravity: g = g% H /po, p = P™*/po, po = const, u3 is a reduced vertical ve-
locity: uz = u5® /H, where H = const is the ocean depth, n is the outer unit normal
to S, d/dn is the normal derivative, a X b = a1by — azb;. The operator i is of the

form
I = w(uy,—uy), @ =const

and is skew-symmetric, i.e. (/1,0) = 0.

The right-hand sides of (1.1) and (1.6) are assumed to be equal to zero for sim-
plicity. Nevertheless, from the further considerations it follows that the results ob-
tained hold also for sufficiently smooth nonzero right-hand sides. Here for simplic-
ity we consider equations in the Cartesian coordinate system, but all results may be
directly extended to the case of the spherical coordinate system.

11.04.2011 40 net CuoHUI MU
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_ 5.3. Existence of a solution

Using the same reasonings as in [15] and [3], it is possible to prove the existence of
a local (in the interval [0,,]) strong solution. It is easy to see that t, = T. Indeed,
suppose the contrary. This means that a solution blows up ( [, (2)|| > o atr -4 <
T'). But because of a priori estimate (4.10), it is impossible.

Thus, we have proved the following theorem.

Theorem 5.1. Ler iy € W2(Q), py € WZ(R), g, po satisfy boundary con-
ditions (1.5)~«1.7) and fﬂl div'iigdz = 0. Then for any v, v, > 0 and arbitrary
I' >0, for any u, w, > 0, where mu, satisfies the conditions discussed before, in
Qr the problem (1.1)—~(1.5) has a unique weak solution @ € V, p € R such that

02 Uy, 0y, 0, 0y, 0, € Ly(Q7) and the norm 0, || is continuous in t. P

11.04.2011 40 net CuoHUI MU 17



HoBas Bepcust mogeau kaumara UBM PAH

B atmocdepe pazperienue coctapisgeT 2.5x2 rpajyca 1o J0Jarote U mupote u 21 ypoBeHsb 1Mo
Beptukanu 10 10 rlla (30 km). Mozenp BKIIFOYaeT pelieHUE YpaBHEHU N
IUAPOTEPMOIMHAMHUKNA KOHEYHO-PA3HOCTHBIM METOJIOM, ITApAMETPU3ALMN PaIraLUH,
IIOIPAHUYHOTO CJIOS, KOHBEKIIMU M KOHJICHCALMH, TPAaBUTALIMOHHO-BOJTHOBOT'O
CONPOTHUBJIEHHS], TPOLIECCOB B NIOYBE, PACTEHHSAX U HA MOBEPXHOCTH CYIIIH.

B okeane paszpemenue cocraniser 1x0.5 rpagyca no gosrore u mupote u 40 ypoBHEH 110
BepTUKaIU. MOJIeNlb OKeaHa BKIIIOYAET PEIICHUE YPABHEHUN KOHEUHO-PA3HOCTHBIM
METOJIOM, MTapaMEeTPHU3AIMUA BEPXHETO MEPEMEIIAHHOTO C0s, JUHAMUKHU U TEPMOJUHAMUKHU
abAa.

Mopenu atmocdepsl 1 OKkeaHa OOMEHHUBAIOTCS JaHHBIMU 0€3 KOPPEKIIMU TTOTOKOB.

Mopenb knumaTa BKIOYAET TAaKKe pacyeT IUKJIIa yriiepoa pacTeHUM, ouBbl, aTMOC(hephl U
OK€aHa, M pacyeT UUKJIAa METaHa.

Monens peanuzoBana Ha cynepkomnbiotepe IBM PAH Intel Xeon. Ha 56 mporieccopax cuet
MOJENM Ha 8.5 JIET MOJIEJIBHOTO BPEMEHH 3aHUMAET CYTKH PEATLHOIO BPEMEHH.

C MOJeIb10 MPOBEICH pacyeT MO BOCHPOU3BEICHUIO COBPEMEHHOIO KIIMMAaTa
MPOJOJLKUTENBHOCTHEO 100 neT.

11.04.2011 40 net CuoHUI MU 18
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CpennexBaaparnunoe otkiioHeHue T110 B parione Dnb-HuHBO 10 JAHHBIM MOJIEIIH
(BBEpXy) U HAOJIIOICHUH (BHU3Y)
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TaeLe I. Climate variables and corresponding validation data. Variables listed as “zonal mean® are latitude-height
distributions of zonal averages on twelve atmospheric pressure levels between 1000 and 100 hPa. Those listed as
“ocean,” “land,” or “global” are single-level fields over the respective regions. The variable “net surface heat flux”
represents the sum of six quantities: incoming and outgoing shortwave radiation, incoming and outgoing longwave ra-
diation, and latent and sensible heat fluxes. Period indicates years used to calculate observational climatologies.

Variable Domain Validation data Period
Sea level pressure ocean ICOADS (Woodruff et al. 1987) 197999
Air temperature zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Zonal wind stress ocean ICOADS (VWoodruff et al. 1987) 197999
Meridional wind stress ocean ICOADS (Woodruff et al. 1987) 197999
2-m air temperature global CRU (Jones et al. 1999) 197999
Zonal wind zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Mecridional wind zonal mecan ERA-40 (Simmons and Gibson 2000) 197999
Net surface heat flux ocean ISCCP (Zhang et al. 2004), OAFLUX (Yu et al. 2004) 1984 (1981) —99
Precipitation global CMAP (Xie and Arkin 1998) 197999
Specific humidity zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Snow fraction land NSIDC (Armstrong et al. 2005) 197999
Sea surface temperature ocean GISST (Parker et al. 1995) 197999
Sea ice fraction ocean GISST (Parker et al. 1995) 197999
Sea surface salinity ocean NODC (Levitus et al. 1998) variable

on a grid-point basis with the observed interannual
variance, and averaging globally. In mathematical
terms this can be written as

=2 (W =) f) @

where 5, is the simulated climatology for climate
variable (v), model (#7), and grid point (#n); Em is the
corresponding observed climatology; w, are proper
weights needed for area and mass averaging; and o2,
is the interannual variance from the validating ob-
servations. The normalization with the interannual
variance helped to homogenize errors from differ-
enl regions and variables. In order Lo ensure Lhal
different climate variables received similar weights
when combining their errors, we next scaled e? by
the average error found in a reference ensemble of
models—that is,

2 _ 2 Tm:20C3M
r,=e, /e, , @)

where the overbar indicates averaging. The reference
ensemble was the present-day CMIP-3 experiment.

AMERICAMN METEOROLOGICAL SOCIETY

11.04.2011

The final model performance index was formed by
taking the mean over all climate variables (Table 1)
and one model using equal weights,

v

=I. )

The final step combines the errors from different
climate variables into one index. We justify this step
by normalizing the individual error components prior
to taking averages [Eqgs. (1) and (2)]. This guarantees
that each component varies evenly around one and
has roughly the same variance. In this sense, the
individual I?  values can be understood as rankings
wilh respect lo individual climale variables, and the
final index is the mean over all ranks. Note that a
very similar approach has been taken by Murphy et
al. (2004).

RESULTS. The outcome of the comparison of the
57 models in terms of the performance index I? is il-
lustrated in the top three rows of Fig. 1. The I* index
varies around one, with values greater than one for
underperforming models and values less than one

MARCH 2008 BAMS | 305
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Today’s Climate?
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Fic. |. Performance index J* for individual models (circles) and model generations (rows). Best performing
models have low I? values and are located toward the left. Circle sizes indicate the length of the 95% confidence
intervals. Letters and numbers identify individual models (see supplemental online material at doi:10.1175/
BAMS-89-3-Reichler); flux-corrected models are labeled in red. Grey circles show the average IZ of all models
within one model group. Black circles indicate the I? of the multimodel mean taken over one model group. The
green circle (REA) corresponds to the /2 of the NCEP/NCAR reanalyses. Last row (PICTRL) shows I for the
preindustrial control experiment of the CMIP-3 project.
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YyBCTBUTEJIBHOCTh MO/ACJIEH KJIUMATA K
yseandenur CO,

CMIP - Coupled Model Intercomparison Project
http://www-pcmdi.llnl.gov/cmip

B pamkax CMIP nakannuBaroTcst pe3yabTaThl pAaCU€TOB C IJ100aTbHBIMU
COBMECTHBIMHM MOJICJISIMU OOILIEH HUPKYJISAIMU aTMOC(hEpPhl U OKEaHa
(cBbimie 30 Mmoaeneit). Takoro poaa MOAECIN UCIIOJIB3YOTCS JJISI
OOHapy>KEHUS aHTPOIIOreHHBIX AP(PEKTOB B KIMMATUIESCKUX JAHHBIX
MPOMIE/IIECTO CTOJIETUS U JJIs1 OUCHKHU Oy AYIIUX KIMMATHYECKHAX
M3MEHEHUM, 00YCIOBICHHBIX aHTPOIIOT€HHBIM IIPOU3BOACTBOM
MMApHUKOBBIX T'a30B U a3PO30JIEN.
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Oneparop OTKJIMKA JJI IEPBOr0 MOMEHTA
(HeJIMHEHHAS TEOPHUS)

Heaunnernas Mmoaenb:

‘Z‘w(u) — (1)

( n(t ) - OeJIBIii IIIyM TI0 BpEeMEHH)

«Bo3myiueHHass» MOeIb:

CZ, +Bu")=n(t)+f

11.04.2011 40 net CuoHUI MU
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CranuoHapHbIN OTKJIUK

8 u) = (')~ u)

§(u)=Mof
YpaBHenne @okkepa-Ilinanka 1 IVIOTHOCTH HHBAPHAHTHOM Mepbl O

Z +div(B(u)p) =eAp

*
NUMCEET CAUHCTBCHHOC CTAIMOHAPHOC PCILICHUE p
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B nepBom npubauskenun no of

Y Lop™ o
(Su) = ; { <ui(t) o ou (1 )>dt &f

B ciiyyae HOpMaJILHOI O pacipeaeeHus
M =[C(t)C™(0)dr
0
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Abstract. The paper is devoted to studying the problem of ergodicity for dissipative PDE’s

perturbed by an external random force. We give a simple sufficient condition for uniqueness
and stability of a stationary measure for a family of Markov processes. The result is applied

to the 2D Navier—Stokes system. =X
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s“2. MIXING FOR THE TWO-DIMENSIONAL NAVIER-STOKES SYSTEM

2.1. Initial-Boundary Value Problem

Let D C R? be a bounded domain with smooth boundary &D. Denote by n the unit outward
pointing normal to @D. For any s € R, let H*(D,R?) be the space of vector functions (uj,uz) on D
whose components belong to the Sobolev space of order s. If s = 0, we write L*(D, R?).

Let us consider the 2D Navier—Stokes system in D. After projecting to the space of divergence-
free square-integrable vector fields on D whose normal components vanish on dD, we obtain the
following evolution equation:

U+ viu + B(u,u) = h+n(t). (2:1)

Here v > 0 stands for the viscosity, L = —IIA, and B(u,v) = II(u, V)v, where II denotes the
orthogonal projection from L?(D,R?) to the subspace

Il = {u € L*(D,R?) : divu =0 in D, (u,n)laD = 0}.

Concerning the right-hand side of (2.1), we assume that h € H and 7 is a random process of the
form

169) = 5062, C(62) = 3 bibi(De(o), ©2)
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where {e;} is a complete set of normalized eigenfunctions of the operator L supplemented by the
Dirichlet boundary condition, {3} is a sequence of independent standard Brownian motions defined
on a probability space (2, F,P), and b; > 0 are some constants such that

By:=) b < oo. (2.3)

J=1

Roughly speaking, this means that the function {(t) belongs to H for almost all values of the
random parameter.

Let us consider the Cauchy problem for (2.1), (2.2):

where up = uo(z) is an H-valued random variable on Q independent of {3;}. We first recall the
concept of solution for (2.1), (2.4).

For a closed interval I C R and a Banach space X, we denote by C(I, X) the space of continuous
functions f: I — X and by L2 (I,X) the space of Bochner-measurable functions f: I — X such

that [, ||f(t)||5%dt < oo for any compact interval J C Iy

Theorem 2.3. Suppose that h € H, condition (2.3) is satisfied, and

bj #0 forall j7=1. (2.5)

Then, for any v > 0, the family (ut,P,,) associated with problem (2.1), (2.2) has a unique stationary
measure (1 € P(H). Moreover, the measure p is mizing in the following sense: the convergence

relation (1.4) holds for any initial measure A € P(H). 4
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Dimension reduction for INM RAS AGCM (5x4x21)

1)

2)

3)

4)

Use only T, u, v from 17
interpolated pressure levels
and Ps.

Calculate EOF for each data
field. Project T and Ps onto
200 leading EOFs, project u
and v onto 50 leading EOFs.
Dimension of each field goes
from 3240 to 200 (50).
Operator dimension goes to
5200 (from 400000).

Calculate 3D EOFS of the
5200- component  vector.
Project data onto 2000 leading
3D EOFs..

Calculate covariances in the
space of 2000 leading 3D
EOFs.
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— PUx(t) =

Pro10To10(0)
Pro2oTo0(?)

ProysTyys (1)
Pr1000T1000 (?)

Fr010U010(0)
F020U 020 (1)

F925Ug25(2)
Fr1000U1000 ()

Bro10V010(®)
B 20V 020 (8)

................

BroasVoas(2)
Br1000"1000 (1)

Ppgi1000Ps(?)

— PP POx(r)
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BoccranoBjienue oTkJauka CCM0 Ha CHHYCOUIAIBHY IO
AHOMAJIMIO HATPEeBAHUA

1éfl1aé’wlﬂuéwlé°lw;El1zé°El1W 1éfl1aé’wlﬂu;wlé°lwkEl1zﬁﬁEl1é¢

oo B . . - = : . = - . T = T T T T T T T T T T T T
1887 15HFW BOF W o B"E 1HFE 1BF 1887 1HFW B [ B E 1HFE 1BF

CONTAUR FROM -199 TS 224 BY 24 (0% CLINTOUR FRCIM -1 74 T 224 B 24 (0%

OTtknuk, paccuutaHHbld ¢ nomomipbto CCMO (cnpaBa) U BOCCTaHOBJICHHBIH C
UCToJb30BaHueM M-omepaTtopa (cieBa). AHoMmanusi HarpeBanus 3afaHa Ha (60E,
OON). Bepxuuii pucyHok — ¥ 336, HIDKHUH - ¥ g1
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How it works for CCM0?

CCMO strong forcing
psi336
(135.00, 0.00) 2.5C/day

T T T T
120°E 180 120°W
CONTOUR FROM -500 TO 400 BY 50 (x10%)
FD vs CCMO multifield cor= 0.81

CCMO strong forcing
psi336
(-90.00, 0.00) 2.5C/day

;00 N 1 1
50°N

30°N A R

T v T T T
120°E 180° 120°W
CONTOUR FROM -450 TO 500 BY 50 (x10%

FD vs CCMO multifield cor= 0.77

T T
0° 60°E

90°N

60°N 2,

) _‘,/.'.
30°N

FD
psi336
(135.00, 0.00) 2.5C/day

CONTOUR FROM -500 TO 400 BY 50 (x10%)
FD vs CCMO multifield cor= 0.81

FD
psi336

T v T T T
120°E 180° 120°W
CONTOUR FROM -350 TO 500 BY 50 (x10%)

FD vs CCMO multifield cor= 0.77

CCMO (left) and FDT operator (right) responses to 2 equator heating anomalies (Psi336).
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How it works for CCM0?

90°N !

¥ 300

b
var- s,

= =
=

pv—

bp ,bp  ws{ N
u300 v300 . PR, g

T T T T T T T T T T T T T T T T T T T T T T
0° 60°E 120°E 180° 120°W 60°W 0° 0° 60°E 120°E 180° 120°W 60°W 0°

Response of the streamfunction, high frequency variance and meridional momentum flux onto
the heating at (165W,0N), AGCM vs FDT, sigma=336.
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5W)=Msf.

If we know M we can find the forcing producing given response in the
system statistics

S =M7'6<W >,

11.04.2011 40 net CuoHUI MU

38



How it works for CCM0?

QOON - 1 1 1 1 1 - /I - »l - 1 1 1 1
60°N {7 .
, Apply the forcing to
30°N 4 -
\ the model, get
0° 4.
. o<W >
60°S
90°S SR v _—
180° |
60°N {”
CONTOUR FROM -14 TO 127 BY 14 (x.001)
30°N g
0°
30°S A
90°N — — e —_ 60°S -
60°N 1 90°S
- 180°
30°N .
Oo J CONTOUR FROM -178 TO 201 BY 22 (x10%)
30°S A
Reconstruct the
60°S 4 .
forcing as
90°S
180°

CONTOUR FROM -9 TO 88 BY 9 (x.001) M 5 < ] ] >

Model response (right) onto the heating (top left) was multiplied by the inverse response operator.
Reconstructed forcing is shown on the (bottom left)
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Off-line
impacts

Without
downscaling

On-line ,
Downscaling

and embedded
regional
models

Schematic of an AOGCM (oval at upper left) and Earth System
model (in orange oval) and various types of impact models (right).
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BeeneHue. KBa3snapyxrneTHme konebaHmsa (K,EI,K)

NCEFP Reanalysis

=

o

= !

=] 1=

o

= 2

= B N g T . e [N T - oi ooy T, RNRERLL ey [

—10 \
e B I A e R s - I I TR T S (IR L i ICIE e i ¥ e o
1oo - oo LA W e PO DU e - N [ 5L L L [ | o[RS O NN, (TN = 13 TS | L TR L T ER
1o - -4 e s TR ‘1 ISR S R B 3 B L T R (CTRES EEE i S e A L
1o - f- i - - e e R e | | b ] s s B 15 e ai R e = ER e e T B H i ey o e
Teog -t b Al O i IRt P o L I e ol | Gl ISR S S S SRS 4 it R S e I
T O £l I - | L N, . 0 R S I N B BN
200 — . - r ;
198439 2040 2001 2002 ZAO035 ZOS4

SooS Eoda)

DKBaTOpPUAJIbHBIN 3aXBaT (CHMMETPUYHAS CTPYKTYpa IO MIHPOTE)
MeHsromuiica nepuoy ~24-30 mecses

3ona pacnpoctpanenus: ~80 — 10 M6 (20 — 70 kM) ¢ MakCUMyMaMH aMILTATY 1B 30HATBHOM
ckopoctu ~ 30 m/c Ha BbicoTax ~ 20-10 M6

MennenHoe omyckanue (a3 KojieOaHU CO CKOPOCThIO Mopsijika 1 kM/MecHil
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Moaejab COBMECTHOIO J€eMCTBHUSA IBYX TUIIOB BOJIH

dopmupoBaHue K0JIeOaHUI 30HATBLHON CKOPOCTH Ha OCHOBE yY€Ta B3aUMOJICUCTBHSI 30HAIBHOTO ITOTOKA C
AJIMHHBIMHU U TPABUTANMOHHBIMHU BOJIHAMM: YIIPOUIEHHAs IBYMEPHAsl MOJIEIb ISl 3BOJIFOLIUN
OCpPEIHEHHOW KOMIIOHEHTHI 30HAJIbHON CKOPOCTH MPH HAIMYNHU JIBYX PA3HOHAIIPABIICHHBIX JUIMHHBIX BOJH
(mo monenu Ilinam6a) 1 HENPEPHIBHOTO JIMHEHHOTO CIIEKTPa rPaBUTAIIMOHHBIX BOJIH (3a/1aBa€MBbIX
napaMmeTpusamnueid XuHea):

11.04.2011

ou 8u2 _ 1 a( Plumb Hznes)
o oz p 0z

N(z"u |

Fon(2) = p(2))F, (z))exp = [ —= dz'},

" k,(u(z)~c,)’

Flines (2) = P(ZO)G(Zo)zhC(m+ic (z) —m " (2)).
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OcCHOBHBIE Pe3YJbTATbhl COBMECTHOI0 MOACJIUPOBAHUSA

IIpu peanucTUYHBIX 3HAYEHHSAX BOJIHOBBIX YHEPTUU NIMHHBIX BOJIH U MTOJTYYEHHBIX IMapaMeTpax
OoOpyIIeHUS TPaBUTAIIMOHHBIX BOJIH MOJY4YeHbI Kojebanus, onu3kue k HabmomnaembiM KK,

OcHOBHOE B3aI/IMOI[eI7ICTBI/Ie AJUHHBIX 9 KBATOPHAJIBHBIX BOJIH C 30HAJIbHBIM ITIOTOKOM ITPOUCXOOUT
B HUKHUX CJIOAX CTDaTOCd)eDBI.

OOpylilieHrE rTPABUTAIMOHHBIX BOJIH MPOUCXOIUT BEPXHEHN cTpaTocdepe, rpaBUTALIMOHHBIE BOITHBI
UTPaOT BTOPOCTENEHHYIO POJib B JOPMUPOBAHUM TIEPUO/IA.

L T T T T : T T

Bricota (km)

| 1 | | | | | | |
30 40 a0 G0 70 g0 a0 100 110
Bpema (mecaus)
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Pe3ynbTaTbl aKcnepumeHTOB no moaenupoBaHuio KOAK B mogenun obwewn
uupkynsaumm UBM PAH 2°x2.5°x80.

OcHoBHas 3a1auya — nnosyueHne KK ¢ peanucTiaHbIMU XapaKTEpUCTUKAMU
(mecTByIOT 002 MEXaHU3Ma — MOTJIOIEeHHe JIMHHBIX BOJIH U 00pylIeHre TPABUTAIIMOHHBIX BOJIH)

Jnst mogenu 2°x2.5°x80 nosyuensl peanuctuunbie KK (moactpoen napamerp BepTukaibHo nudy3un)
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model
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Bbibop ceTku

° Tpa,EI,VILI,VIOHHbIe LLHNPOTHO-A0JITOTHbIE CETKN NMEIOT
crywieHme mepmnanaHosB Yy NnoJikoCoB.

(kapTuHKK 13 npesenHtaumm W.Skamarock, NCAR)

lat-long grid icosahedral grid icosahedral gnd cubed sphere Yin-Yang grid
(triangles) (hexazons)
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